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Abstract

Technological advances and evolving demands in
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medical care have led to challenges in ensuring ade-
quate training for providers of critical care. Reliance
on the traditional experience-based training model
alone is insufficient for ensuring quality and safety in
patient care. This article provides a brief overview of
the existing educational practice within the critical care
environment. Challenges to education within common
daily activities of critical care practice are reviewed.
Some practical evidence-based educational approaches
are then described which can be incorporated into the
daily practice of critical care without disrupting workflow
or compromising the quality of patient care. It is hoped
that such approaches for improving the efficiency and
efficacy of critical care education will be integrated into
training programs.

Key words: Medical education; Critical care; Educational
efficiency; Educational efficacy; Bedside teaching;
Flipped classroom; Patient handover; Multidisciplinary
team practice; /n situ simulation; Procedural training

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Evidence-based approaches for improving the
efficiency and efficacy of critical care education have
been developed and should be integrated into training
programs. While a variety of such approaches are
described in this paper and elsewhere in the medical
education literature they share common characteristics.
These include utilizing methods to rapidly identify
learner needs, teaching directly to those needs, and
providing specific feedback on performance. In addition
these approaches emphasize active learning activities
and integrate educational experiences from the class-
room and clinical settings.

Joyce MF, Berg S, Bittner EA. Practical strategies for increasing
efficiency and effectiveness in critical care education. World J
Crit Care Med 2017; 6(1): 1-12 Available from: URL: http:/
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INTRODUCTION

Critical care is a demanding medical specialty in terms
of its complexity, the frequency of life threatening situ-
ations and the need for rapid decision-making based
on incomplete data. The breadth and depth of medical
knowledge and technical skill necessary for critical
care practice continue to rapidly increase yet the time
available for education of trainees has not. Limitations in
the duty hours of trainees have reduced clinical exposure
and allow less time for traditional methods of education™.
Increasing clinical volume, administrative responsibilities,
and documentation and billing requirements increasingly
compete for the time that faculty has available for teaching.
It is our mandate as critical care practitioners to educate
and ensure that we have competent clinicians able to
deliver high quality care to our critically ill patients. It
is therefore necessary that we find a solution to the
dilemma of providing safe and high-quality care while
also providing the necessary education for trainees in
clinical settings. Approaches to teaching and learning
which account for the exponential growth in medical
knowledge, unique learning needs and time constraints
of the learners, while adapting to the dynamic and
clinically demanding environments of critical care practice
are urgently needed™?,

In this article, we provide a brief overview of the
existing educational practice within the critical care
environment. We then discuss challenges to education
within common daily activities of critical care practice
including bedside care, procedures, handover, and crisis
management. Some practical educational approaches
are described which can be incorporated into the daily
practice of critical care without disrupting workflow or
compromising the quality of patient care (Table 1). It is
hoped that such approaches will increase the efficiency
and efficacy of education that is offered to critical care
clinicians, not only during training but throughout their
careers.

The intensive care unit learning practice and educational
deficiencies

The intensive care unit (ICU) provides unique opportu-
nities for knowledge and skill acquisition in a dynamic and
fast-paced clinical environment. There are opportunities
to learn technical skills such as airway management,
central line placement and ultrasonography, as well as
nontechnical skills such as teamwork, communication,
and leadership. Surveys suggest that there is no stan-
dardized approach to trainee education within critical care
medicine, reflecting highly variable ICU environments
and practice patterns™®!, Such variation in educational
practice is noteworthy as it may affect the quality of
trainees’ education through varied exposure to different
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patient cases, opportunities to perform procedures,
experience with different attending physician practice
styles and total teaching time. Despite this lack of a
standardized structure, many programs use similar
traditional clinical teaching methods. Bedside teaching
is the most common format for trainee education and
a majority of programs also offer didactic lectures and
informal teaching sessions™™. In addition an increasing
number of programs include access to an online “core
curriculum” of critical care topics™. With these didactic
approaches, trainees in critical care acquire knowledge
and skills through processes of “active” learning by
participating in bedside teaching rounds and by directly
administering patient care, while “passive” learning
occurs through the use of lectures, conferences and journal
clubs.

Bedside teaching, often conducted during ICU rounds,
is an essential component of critical care education, as
it covers clinical assessment, conduct of the physical
exam and decision making. In addition the importance
of multidisciplinary communication, bedside manners,
professionalism, and other essential clinical skills are
emphasized™®. Involving the entire team in bedside rounds
also contributes to multidisciplinary team development
and improved patient care”®. Educating during bedside
care is not a passive activity; rather it requires skill by the
critical care provider. Appropriate tailoring of educational
topics to trainee needs in relation to current patients
provides the trainee with the satisfaction of having learned
something directly relevant to patient care, promoting
active leamming as well as providing a powerful motivational
boost and educational reinforcement. “Conference room”
teaching typically consists of a combination of standard
“core” lectures (e.g., mechanical ventilation, sepsis and
shock) and flexible teaching topics based on current
relevance to bedside care. While core lectures ensure that
trainees are provided a certain amount of fundamental
knowledge, flexible educational activities are designed to
complement core lectures in order to tailor learning to the
specific needs and interests of current team members
and are typically initiated in response to issues identified
during the bedside rounding.

Critical care has long had an “apprenticeship style”
of training in which long hours and “see one-do one-
teach one” were the primary means of fostering
learning. However, work-hour restrictions, generational
differences and increasing external regulations have
altered this traditional approach. While these methods of
providing critical care education are longstanding, there
is mounting evidence that they are no longer sufficient.
Many studies have reported suboptimal education of
trainees in areas that are fundamental to critical care
practice including deficiencies in medical knowledge,
procedural skills, handover, communication and crisis
management®*®, In addition, there is evidence that
methods for education of critical care trainees have
changed little since the Accreditation Council for
Graduate Medical Education (ACGME) instituted duty
hour standards and core competencies™'?. These
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Table 1 Teaching challenges and strategies for increasing efficiency and effectiveness in critical care education

ICU Activity Challenges to teaching Strategies for improvement
Rounding/bedside care Complexity, unpredictability, rapid pace of clinical Use of effective, time efficient methods to identify

care limits time available for teaching learner needs, teaching to those specific needs, and

providing feedback
Simultaneously instructing trainees while caring for Examples:
critically ill patients Two-minute observation, one-minute preceptor,
activated demonstration and teaching scripts

Lecture/ didactics Wide breadth and depth of knowledge required to  Integrate “in-class” experiences with “out-of-class”

care for critically ill patients
Varying backgrounds and training levels of the

learners

It is not possible expose trainees to all relevant critical
care topics

learning
Practicing clinical decision-making in the classroom
allows trainees to learn from their mistakes in a safe
environment
Example:
Flipped classroom

The efficacy of traditional lectures is low

Performing procedures (vascular access, Trainees need to acquire procedural competence with

airway management, bronchoscopy, chest
tube placement ultrasonography, etc.)

Finding the optimal balance between providing
procedural opportunities for trainees and ensuring
patient safety

Patient handover

The process is often error prone and substandard
handovers have been linked to adverse events
Critically ill patients are particularly vulnerable to
ineffective handovers

a number of diagnostic and therapeutic tools

Handovers are complex communication tasks

Multifaceted learning strategies with performance
assessed and mastery demonstrated away from the
clinical setting
Examples:

Computer-based learning, task trainers, and
simulation to provide conceptual and technical
understanding
Observing and then performing procedures in elective
settings, before attempting high risk procedures on
critically ill patients
Just-in-time training immediately prior to actual
performance
Use of adjunct technology (e.g., ultrasound,
videolaryngoscopy)

Develop learning strategies for ensuring information
management and collaboration to generate a shared
understanding of patients and reduce clinical
uncertainty
Examples:

Discussions of approaches to diagnosis and
management of specific conditions promotes learning

Limited evidence for a “best” approach

Faculty may have limited experience with new
handover processes

Multidisciplinary team practice

practice, disruption of clinical activities, and cost

Training specifically designed to improve team
dynamics is new for many critical care clinicians

High clinical workloads, finding common time to

Providing feedback on clinical actions taken in the
preceding shift
Providing feedback on clinical actions taken in the
preceding shift
Direct supervision of the handover process by
experienced clinicians to ensure that communication
of critical patient information is occurring and to
answer clinical questions
Supplementing the handover with short educational
modules relevant to the patients receiving care
Using handovers to evaluate trainee performance and
provide formative feedback
Multidisciplinary training incorporated into the
activities of daily practice (in situ simulation) can be
inexpensive and less disruptive to staffing
Example:

Regular repetition of commonly occurring scenarios
can be used to reinforce learning and teamwork
In situ simulation can be used to interrogate
departmental and hospital processes in real practice
conditions

ICU: Intensive care unit.

deficiencies and an apparent lack of progress in critical
care education may have a detrimental effect on patient
safety and the quality of care. Perhaps it is because of
the apprentice-style educational tradition in critical care
that we have been slow to identify and adopt “best
practices” of modern education theory for fostering
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experiential learning. In the age of reduced work hours
and increased focus on patient safety, however, we
are caught between less experienced clinicians at the
bedside and imposed requirements for ensuring clinical
competence. To successfully address these challenges
requires a different educational experience. The following
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sections provide approaches for increasing educational
efficiency and efficacy during the daily activities of ICU
practice. They are founded in educational theory and
meant to be readily integrated into existing critical care
practice regardless of the size, practice characteristics or
economic resources.

Strategies for teaching with limited time

Educators in the ICU environment face the formidable
challenge of simultaneously instructing trainees while
caring for critically ill patients in a clinical environment
where complexity and the knowledge required for
decision making is high, time available for teaching is
limited, and interruptions are frequent. Due to increased
and competing demands on critical care faculty, the
time available for clinical teaching appears to be in
decline®?!l. An even greater barrier to teaching than
a heavy clinical workload is the misconception that
“real teaching” requires an extended formal lecture.
With this teaching misconception in mind, clinicians are
understandably reluctant to teach because it interferes
with patient care. As dlinical educators it is important to
recognize that every patient interaction has teachable
moments. To maximize learing opportunities, educators
must be attentive to identifying these moments and then
making them pertinent to a learner’s needs. Even small
amounts of time focused on teaching can offer important
learning opportunities for trainees to acquire new insights
and skills. To achieve this efficient and effective teaching
approach, a variety of strategies can be successfully
employed. These educational strategies share common
characteristics including: (1) identifying the leamer’s needs;
(2) teaching directed to meet those specific needs; and
(3) providing performance feedback.

Identifying the learner’s needs saves time by not
teaching what the learner already knows or is not ready
for. Assessment of the learner’s level of knowledge
requires asking good questions as well as the ability to
listen and observe. Questions are the educator’s “primary
diagnostic tool” to ascertain the learner’s current level
of knowledge and experience with similar situations'®"’.
Questions that precede a patient encounter can help
the educator to ascertain the learner’s understanding
and experience with the clinical problem at hand-for
example, “"How do we assess delirium in this patient?”.
While questions that follow the learner’s presentation of a
patient can guide the educator’s decisions about how and
what to teach-for example, “"How do you think we should
manage this problem?”.

A period of brief observation can be an effective
means of assessing the learner’s abilities instead of
making inferences based on a patient presentation alone.
The “two-minute observation model” is a well described
method in which the teacher observes a patient en-
counter in order to obtain more specific information
about the trainee’s learning needs which can be used
for providing guidance or feedback™". This technique
is effective for teaching both history and physical exam
skills as well as for teaching communication skills. In
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advance of the patient encounter; the teacher and learner
should agree on which aspect of the interaction will be
targeted for the brief observation-such as establishing
patient rapport, history taking, physical examination, or
discussion with nurse, consultant or family member. As
with other learner-centered models, the instructor should
set clear expectations, directly observe the learner and
provide specific feedback and teaching.

The “one-minute preceptor model” is another focused
teaching tool that is easy to implement while engaging in
patient care®. This method uses a 5 step approach: (1)
query the learner about what he/she thinks is going on
with the patient; (2) probe for underlying reasoning or
alternative explanations; (3) teach a general principle; (4)
reinforce what was done well; and (5) correct any errors
and make suggestions for improvement. In a mere one
minute, the instructor is able to obtain a brief assessment
of the trainee, provide an educational pearl, and deliver
immediate positive and negative feedback. Research on
the one-minute preceptor model suggests that it is an
effective and efficient method of engaging learners in
high-level case discussions of clinical problems, and its
use is associated with strong satisfaction by both learners
and teachers'>**,

“Activated demonstration” is a model in which the
learner is asked to observe the clinical teacher performing
a skill that is unfamiliar to the learner™!. After preparing
the learner with a preview of the upcoming teaching
points, the learner is given a specific assignment to
complete while observing, such as “*Watch how I perform
the laryngoscopy”, and provided expectations in terms
of participation. After the demonstration, the teacher
“activates” the learner by asking him or her to describe
what was observed. A brief discussion of relevant learning
points then occurs in which the rationale for the actions is
examined and further study may be assigned.

“Teaching scripts” are concise, pre-prepared high-
yield lessons that the instructor can teach the learner
when the appropriate clinical setting arises'®®'. To be most
effective the script should be adapted to account for the
trainee level, the patient’s clinical circumstances, and
the disease process under consideration'?”. Examples of
teaching scripts might include “choosing sedation drugs
for an intubated patient” or “fluid management in ARDS”.
Over time, seasoned clinicians naturally create a portfolio
of scripts that they can effortlessly access, but educators
at all levels can proactively develop teaching scripts.
Limiting the number of learning topics discussed to 2 or
3 per day will increase their significance and the attention
paid to each of them™. Too many topics can overwhelm
the learner, ultimately reducing the educational impact.
Finally, it is imperative to briefly review and summarize the
important learmning topics that were covered and discuss
related learning activities. For example, “to review,
today we discussed ventilatory management for ARDS.
This afternoon, our critical care fellow will share a recent
article that is related to our discussion”. This summary
reinforces prior learning and encourages evidence-based
practice as well as peer-to-peer education.
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Feedback is a powerful instructional strategy that
can be effectively provided with limited time'*®.. The key
to feedback is providing specific descriptive comments
about a learner’s performance. The “Ask-Tell-Ask” model
is a common model for giving feedback™”. With this
approach the teacher first sets the stage for providing
feedback by telling the learner;, “I would like to give you
feedback”. Then, the instructor asks the learner to assess
his/her own performance with a question like, “How do
you think you did?”. Next, the teacher provides his/her
own observations (importantly, positive and corrective),
addresses the learner’s self-assessment and provides an
action plan for improvement. This approach incorporates
the learner’s perspective, avoids judgment and promotes
the skill of self-reflection. The timing and location of
providing feedback may vary depending on the issue and
urgency. On-the-spot feedback based on events occurring
at the bedside has the advantage of providing patient-
centered in-training evaluations, which are a cornerstone
of medical education™". In addition trainees highly value
feedback related to specific behaviors performed at the
bedside, associating high quality teaching with feedback
pertaining to specific behaviors such as bedside skills and
case presentationst®”. Delaying constructive criticism until
a later time might be beneficial in some circumstances
to avoid feelings of trainee embarrassment. However it is
important to consider that a delay in feedback might also
lead to continuation of incorrect and potentially harmful
patient care, thus quick context-specific feedback is
beneficial in most circumstances with a plan for more
extensive discussion in a quiet, “safe” environment at a
later time.

Revamping ICU lectures - “flipping” the classroom
Learning within the ICU environment is challenging, not
only because of the complexity and rapid pace of patient
care but also because of the breadth of knowledge
required to care for critically ill patients. A number of
critical care organizations have undertaken the task of
defining learning objectives for trainees in the critical
care setting®*®*., Given the time constraints associated
with clinical practice it is not possible to expose trainees
to every topic relevant to critical care. Lectures are a
common method of covering a “core curriculum” in critical
care yet the efficiency and efficacy of this educational
approach is low. It has been shown that learners’ atten-
tion decreases after only ten minutes and learners only
remember approximately 20% of the transmitted content
following a lecture®®. Consequently, there is need for
new educational methods that result in more efficient
and effective knowledge transmission than provided in
traditional conference room lectures. These new methods
should not be limited to the transmission of purely factual
knowledge, but should provide the opportunity to apply
this knowledge to problem solving in practice.

The “flipped classroom” is a novel instructional para-
digm designed to increase learning by integrating in-
class experience with out-of-class learning™”. In this
paradigm, learners first gain exposure to new material
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individually, usually via reading or watching instructional
videos. Formal teaching time is then used for learning-
centered activities that build on the pre-class work rather
than providing traditional lectures. During the formal
teaching time, an instructor facilitates trainee-driven
discussion of the material via question and answer,
discussion, case studies, problem-based learning, and
other face-to-face activities. By applying their new know-
ledge with the guidance of a facilitator, trainees have
access to immediate feedback from peers and faculty,
which will help them more readily recognize and correct
errors in thinking. These “active learning” activities will
allow for complex problem solving, peer interaction, and
better prepare learners to function independently.

The flipped classroom paradigm is particularly well
suited for the ICU learning environment, where acquisi-
tion of “core” critical care knowledge is necessary before
progressing to the more complex clinical problem solving
that is required for patient care®. Practicing clinical
decision-making in the classroom improves knowledge
retention and has the further inherent advantage that
the trainees can learn from their mistakes in a safe en-
vironment without endangering patients. The flexibility
afforded by the flipped classroom allows for learning
despite the unpredictability of the ICU environment, as
learning materials may be made available to learners
regardless of clinical demands or their particular shift
schedule. The mechanism used to expose learners to new
learning material can vary from simple textbook readings
to lecture videos or podcasts. Pre-class assignments can
be varied based on differing backgrounds and training
levels of the learners. If video-based educational ma-
terials are used, they can be paused and replayed,
allowing learners to move through the material at their
own pace. Using varied formats to present educational
content can also support differences in individual learning
styles and preferences.

There is no single approach to flipping the classroom
in practice. The means of delivering educational content
and the ways in which face-to-face activities are used
can vary with the subject matter, characteristics of the
learners, preferences of the instructor, and available
resources. It is essential however that in- and out- of
class activities are carefully integrated to optimize the
beneficial effects and encourage trainees to be prepared
for the in-class activities. Well written objectives that
inform the trainees what they are going to learn and
how they are going to be assessed should be clearly
linked to each individualized learning task.

Some practical tips for flipping the classroom in-
cludeP: (1) learners must be provided resources to
acquire factual knowledge prior to the classroom phase.
Providing short educational videos, many of which are
readily available via Open Educational Resources are
effective, provided they are matched to the desired
learning objectives™*®. The use of other, non-digital
material is, however, equally possible; (2) implemented
technology should ideally be easily-accessible and ideally
already be familiar to the learners; (3) activities both
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in the pre-class and classroom phases must be well-
structured. Trainees will accept demands for learning more
easily when content and time requirements are firmly
defined; (4) incentive systems should be implemented to
encourage trainees to complete the pre-class activities
before the classroom phase. For example, short multiple
choice quizzes could be given with correct answers;
(5) methods of assessment should be implemented to
provide feedback to the trainees on their knowledge
acquisition and learning performance achieved through
the pre-class and classroom activities; and (6) feedback
from trainees is essential to the success of the flipped
classroom. Trainees should be encouraged to provide
this feedback regularly throughout the learning process
including the pre-class activities.

While there is limited literature to date exploring the
flipped classroom model in the context of critical care
education, evidence of its efficacy from other areas
of undergraduate and graduate medical education do
appear promising™s*41],

Improving procedural training

Critical care trainees must gain procedural competence in
a number of technical domains, including vascular access,
airway management, bronchoscopy, chest tube placement,
and critical care ultrasonography. A fundamental chall-
enge in procedural training is to find the optimal balance
between providing educational opportunities for trainees
and ensuring safe, efficient patient care. While it can be
argued that it is inappropriate to allow an inexperienced
trainee to perform a procedure in a high-risk situation,
such as in the care of a critically ill patient, it can also be
argued that unless trainees are allowed such practice,
there will be fewer and fewer clinicians competent to
perform life-saving procedures. Since the introduction
of the duty-hour limits, concern has arisen that trainees
may not be getting as much experience in procedural
skills as they once did“>**!. Given the rapidly changing
landscape of critical care practice, with an ever increasing
number of diagnostic and therapeutic tools to master, it
is necessary that trainees receive high-quality procedural
teaching. Although a variety of frameworks for procedural
teaching exist in the literature, many training programs
continue to rely on an apprenticeship model. The trainers
themselves may have varying amounts of expertise with
a given procedure which further complicates training.
To address these challenges, the literature supports
a standardized approach to procedural education with
performance assessed and mastery demonstrated away
from the dlinical setting™***'. Multifaceted leaming strategies
that incorporate computer-based learning, task trainers,
and simulation to provide the necessary conceptual and
technical understanding of the fundamentals of procedures,
followed by observing and then performing procedures
on healthy patients in the operating room or other
elective situations, have been recommended to facilitate
procedural learning before the trainee attempts high risk
procedures on critically ill patients™*’*®!, Computer-based
instruction can provide essential information about a
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procedure, including its indications, required equipment,
and procedural steps. Computer-based learning has
been shown to be an effective alternative for providing
fundamentals of central line placement, basic ultrasound
training and acquisition of knowledge required for difficult
airway management'*®*?, After learners receive funda-
mental information on a procedure, task trainers and
simulation can be employed to teach technical skills.
Hands-on approaches offer learners physical training in
performing procedures and opportunities to rehearse
these skills in context without the risk of patient harm.
A number of studies have demonstrated that deliberate
practice with the use of simulation can improve skills in
the dinical environment®>*!, Use of procedural checklists
can be helpful during the technical training to evaluate
each step in procedural performance and to appropriately
modify behaviors®. Adjunct technology can also be
utilized to facilitate procedural leaming and performance.
For example ultrasound use can improve understanding of
relevant anatomy and is supported by data demonstrating
superiority in overall success and complication reduction for
CVL placement, arterial catheter insertion, thoracentesis,
and paracentesis*”’. Use of video laryngoscopy, which
provides shared views of the airway, improves trainer
and trainee collaboration, resulting in more rapid learning
curves and increased intubation success rates™>>,

Even with prior simulation experience, it may be un-
realistic to expect trainees to move directly into a dynamic
environment such as the ICU and perform procedural
skills, especially during crisis situations. Controlled patient
encounters that involve performing procedures under
elective conditions with supervision by experienced
clinicians may help to translate skills that were learned
in simulation exercises into the clinical environment in a
safe manner. Just-in-time training (JITT) has also been
proposed as a training approach to translate learning from
the controlled simulation environment into the actual
patient setting. With JITT, trainees practice procedural
skills and refresh muscle memory immediately prior to
performing the procedure on a patient. The JITT concept
is based on literature showing that both knowledge and
technical skills decay over time and therefore the clinician
benefits from training “just-in-time”, moments before
the procedure®™, It has also been described in reducing
undesirable outcomes in acute procedures, including
CPR skills, endotracheal tube placement, central venous
catheter insertion and lumbar puncture®™®”. In addition
JITT has been shown to reduce the time to successful
completion of procedures, and may even play a role in
long-term retention of procedural skills®®"!,

To facilitate JITT all that is needed is a low-fidelity task
trainer that is specific to the chosen procedure. Ideally,
this task trainer should be a portable model that can be
stored and easily accessed in the critical care practice
environment. If possible, authentic equipment should
be set aside and dedicated for JITT. Prior to beginning
the procedure on a patient, the preceptor instructs the
learner to perform the procedure on a task trainer as if
it were a real patient using a checklist of critical actions.
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For example, in the case of utilizing JITT for endotracheal
intubation, skills that can be practiced include: Proper
positioning of the patient; effective bag-valve-mask
ventilation techniques; correctly maneuvering a laryn-
goscope; visualizing the vocal cords; inserting the
endotracheal tube through the glottic opening; correctly
using airway adjuncts, if needed, as rescue airway
devices (e.g., laryngeal mask airway or bougie).

The preceptor monitors the learner’s performance
with each skill and provides continuous formative
feedback. The learner is encouraged to ask questions
throughout the process and the preceptor is provided the
opportunity to correct mistakes in real-time and optimize
performance which will be immediately transferrable to
the actual procedure moments later. When the preceptor
is satisfied with the trainee’s demonstrated procedural
skills, they can proceed to performing the procedure on
the patient. Using this approach, trainee confidence and
procedural readiness should improve thereby increasing
patient safety.

Facilitating education during handover

Effective handovers allow a team of multiple providers to
deliver safe and high quality care by ensuring continuity.
Despite its crucial role in ensuring safe and effective
patient care, a number of studies have characterized the
process as haphazard and error prone and have linked
substandard handovers to adverse events!®?, Critically
ill patients are particularly vulnerable to ineffective hand-
overs given their complex clinical history and severity of
their condition®”. Patient handover has been identified
as a priority to ensure patient safety and the ACGME
requires that all training programs monitor handovers®",
A growing number of studies have proposed educational
interventions to improve handovers; however studies
that demonstrate improvement in actual patient outcomes
based on these interventions are still limited®. A recent
systematic review found that there were four primary
methods for teaching handovers: (1) providing online
materials such as videos, texts, and protocols; (2)
lectures and group sessions; (3) simulation activities; and
(4) role-playing exercises’®, Common content themes
of these educational handover interventions include: (1)
information management; (2) team-work, leadership;
and communication; and (3) error awareness and pro-
fessional behavior™®,

In addition to facilitating continuity of care, handovers
can also provide an active learning opportunity®®”®®, Hand-
overs, by nature, are associated with clinical uncertainty,
making it important for participants to reduce uncertainty
through active dialogue'®”). This active dialogue promotes
learning through discussions of approaches to diagnosis
and management of specific conditions and may also
occur through feedback on clinical actions taken in the
preceding shift. For example, if a trainee admits a patient
and makes a preliminary diagnosis that was confirmed
after their shift, he or she should be provided this feed-
back, thus affirming his or her diagnostic approach. This
post-shift feedback can encourage trainees to reflect on
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the results of their clinical actions even when they are not
present to see them unfold. This feedback approach is
especially important given current duty hour restrictions.

In addition to relying on the clinical exchange of
information and discussions regarding patient care as
a way to promote learning, there are more deliberate
methods which can be employed to ensure that learning
takes place during handovers. The most obvious of
these is direct supervision of the handover process by
experienced clinicians (faculty, fellows, etc.) who can
provide guidance to trainees. It is important to recognize
that while experienced clinicians can supervise the
handover, faculty may have limited experience with new
handover processes and faculty development may be
required before implementation. Supervision of handovers
serves as a way to ensure not only that critical patient
information is being communicated, but also as a means
to answer the clinical questions that arise during the
course of the shift, thereby ensuring that all learners have
access to dlinical teaching. In addition to direct supervision,
another approach to enhance the learming process during
handovers is to supplement it with short educational
modules tailored to a current case or a set of cases
that are commonly encountered. With this approach,
the handover is linked to practice-based learning and
improvement (an ACGME core competency), allowing
learners to integrate new knowledge into their clinical
practice.

One way for clinicians to optimize the supervision of
handovers and associated teaching is to stratify them
according to case complexity®®. Severity of illness,
worsening disease trajectory, or incompleteness of the
medical history or diagnostic workup, for example, are
factors that increase the importance of an effective
handover for ensuring care of a vulnerable patient. In
contrast, the handover of a stable or otherwise well-
characterized patient, even if the handover is performed
poorly, is less likely to lead to an adverse event. Factors
that increase the risk of an ineffective handover include
the degree of familiarity of the clinicians with the patient,
the type of handover, and the level of experience of the
clinicians involved™®’, At a minimum the handovers for
complex, critically ill patients should be supervised until
trainees have demonstrated the ability to perform them
effectively and consistently. Even after competency
has been demonstrated there also may be benefits
to continuing some level of handover supervision. From
the standpoint of improving patient safety, a skilled
observer can reduce handover errors by providing real-
time feedback to the participants, thereby contributing
to enhanced accuracy and encouraging experiential
learning™.

Handovers can also be used to evaluate trainee
performance and provide formative feedback, as it
provides an opportunity to directly observe behaviors
related to communication as well as competencies such
as professionalism. Evaluations can occur during the
handover or as a summary at the end of a rotation. While
real-time evaluations have the benefit of providing
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immediate feedback, summary evaluations at the end
of a rotation have the advantage of enabling trainees
to assess improvements in handover performance over
time and after repeated interactions. Ideally, handover
evaluation should be competency-based and linked
to specific, observable behaviors. The quality of the
handover content can be assessed using questions
such as, “was anticipatory guidance provided and easy
to interpret?” or “did ‘to-do’ items include a rationale?”
Evaluating the receivers of handover content may be
more difficult, but observable behaviors could include
actions indicating active engagement such as asking
questions, taking notes and maintaining eye contact'”..
In addition to monitoring the quality of verbal exchange
between senders and receivers of the handover, written
documentation to facilitate the handover can be assessed
for accuracy and readability. Often, a structured template
is used to facilitate the transfer of verbal information
during handovers. However, documents that are used
to support handovers, whether on paper or generated
electronically often contain errors, which most often
result from a failure to keep these documents up-to-date.
Therefore, examining the accuracy of the information in
the document, and making certain that key elements
such as medications, allergies and code status are up-
dated, will help to ensure the accuracy of information
transmission during handover.

Handovers consist of a series of complex communi-
cation tasks and it is critical that trainees acquire the
specific skills required to both give and receive them.
These skills include developing strategies for information
management, managing handover dialogue through
active listening, asking questions, and collaborating to
generate a shared understanding for optimal exchange
of information necessary to guide patient care. The
skills required for effective handover communication will
improve with greater supervision and feedback from
experienced clinicians.

In-situ team based training

The management of critically ill patients requires multi-
disciplinary teams to work collaboratively. Core elements
of team performance (e.g., leadership, adaptability,
mutual trust, closed-loop communication) impact the
quality and safety of patient care”*”?, Despite the
importance of team performance on patient outcomes,
providing training specifically designed to improve team
dynamics is a relatively new concept for many medical
specialties including critical care. Evidence suggests
that to improve multidisciplinary team performance it is
necessary to train as a multidisciplinary team™. In situ
simulation training has been recognized as a technique
to improve multidisciplinary team performance!”*7>!.
Training within the actual critical care environment allows
teams to test their effectiveness in a controlled manner
and to interrogate departmental and hospital processes
in real time and in real locations’. In addition, in situ
simulation has the advantage that it can be incorporated
into the activities of daily practice which is less disruptive
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to staffing.

Team composition during in situ simulation training
should reflect normal working practice including different
professions and levels of training. Team members should
train in their normal roles and at their own skill level and
scope of practice-clinicians should not be expected to
perform a skill outside of their scope of practice. While it
is possible to teach technical skills using multidisciplinary
in situ simulation, it is arguably better suited to teaching
nontechnical skills”*”>), Although it is possible to spend
a large amount of money on high fidelity simulation
equipment, it is not essential. A basic platform which is
adequate for most critical care simulations only requires
a vital sign monitor with adjustable parameters, a clinical
bed space, and some clinical consumables. There is little
evidence that enhanced fidelity creates a better learning
environment”®. In fact, enhanced fidelity may actually
detract from the learning environment depending on the
learning objectives. In many cases, real people playing
the role of a patient (so called “standardized patient
actors”) are just as effective and are more realistic
especially for scenarios focusing on communication and
teamwork. Audiovisual equipment can also be useful for
recording the simulation to enhance discussion during
debriefing. However, this is not essential. It is feasible to
use a phone camera or tablet as a low-cost solution. If
video or audio recording is performed, participants must
provide consent prior to the session and storage and
usage of the electronic media must be controlled.

When initiating an in situ simulation program it is
generally best to start with simple scenarios aimed at
participants’ readiness level which will invoke challenge
rather than frustration or embarrassment. More com-
plicated or complex scenarios can then be introduced once
the program has been established. Regular repetition of
commonly occurring scenarios such as cardiac arrest,
emergency intubation, and sepsis management can be
used to reinforce learning and teamwork by applying a
“practice until perfect” approach. Complexity may also be
added to simple scenarios through the use of embedded
participants who play a role that is intended to add
cognitive noise or conflict to the scenario.

It is important to spend time preparing the simulation
participants prior to the scenariot’”. This “prebriefing”
is a time when the facilitator describes the purpose of
the simulation, the learning objectives, the process of
debriefing, and clarifies expectations. This prebriefing
should also include a confidentiality agreement and
an explanation of the rules of simulation engagement,
including a description of the simulated “patient”, the
limitations of the simulation and how they will be over-
come, what equipment is available, how drugs and fluids
can be “administered,” and safety rules (e.g., the use
of a live defibrillator). Adopting a “stop word”, which will
immediately terminate the simulation, is also important
to ensure participant safety. It is also essential that an
environment of trust is created early on, typically during
the prebriefing. If participants feel safe and understand
how they are expected to participate as a team prior to
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the session, they will have the maximum opportunity for
learning within the time available.

Debriefing is an essential, and arguably the most
important, element of simulation because it encourages
self-reflection which promotes a deeper level of un-
derstanding and thereby increases the likelihood of
successful transfer of acquired knowledge and skills
to the clinical setting”®. Debriefing should take place
immediately after the simulation especially in the critical
care environment where participants must return to
clinical responsibilities. When allocating time for an in situ
simulation session, it is important to allocate sufficient
time for debriefing. As a simple guideline, the debriefing
session should be allocated at least the same amount of
time as the duration of the simulation scenario itself”'.
Standardized debriefing formats have been suggested
to ensure that key components are covered within the
limited time frame!. The debriefing session should be
designed to achieve the learning objectives and tailored
to the specific participant and team characteristics.
Learning objectives are often specified beforehand, but
may also evolve within the simulation. With pre-specified
objectives, such as improving particular team behaviors,
the debriefing session affords the opportunity to examine
how closely participants’ performance approached the
goal target, and furthermore, what additional learning is
required to bridge the gaps between performance and
the target. With evolving objectives, participants may
be asked to reflect on the observed evolution of the
scenario and to evaluate how the behaviors, attitudes,
and choices demonstrated in the simulation relate to real
life situations””*®",

An individual should be designated to facilitate the
debriefing process. The facilitator should not “script” the
debriefing process but rather should provide sufficient
discussion prompts and tools to ensure that participants
actively engage in critical analysis, shared reflection and
application of the experience to clinical practice. The
facilitator is also responsible for ensuring that time and
pace is managed effectively. When facilitating a debriefing
some simple approaches can be very effective: Start by
asking open ended questions such as “how did it go?”.
As participants respond, rephrase their responses back
to them as skills that are part of the learning objectives.
Next ask, “what could you do better?”. When asked this
question, the participants will invariably bring up many
management areas that you were going to mention.
Finally inquire, “what will you do differently next time?”.
This will help the trainees focus on making meaningful
but simple changes for the next time a similar situation
is encountered. The facilitator should close the debriefing
by prompting the participants for questions or addressing
any specific issues that were not discussed with open
ended questions. Debriefing is a time when participants
may feel most vulnerable to criticism in front of their
peers. This vulnerability may be particularly pronounced
with in situ simulation since participants work closely
with each other. For this reason, creating a friendly and
supportive atmosphere is imperative. In summary, in situ
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simulation has the potential to improve patient safety by
strengthening skills in teamwork and communication that
are essential for well-functioning critical care teams.

CONCLUSION

Technological advances and evolving demands in medical
care have led to challenges in ensuring adequate training
for providers of critical care. Evidence suggests that
reliance on the traditional experience-based model
alone is insufficient for ensuring quality and safety in
patient care. Evidence-based approaches for improving
the efficiency and efficacy of critical care education,
have been developed and should be integrated into
training programs. While a variety of such approaches
are described in this paper they share common chara-
cteristics. These include utilizing methods to rapidly
identify learner needs, teaching directly to those needs,
and providing specific feedback on performance. In
addition these approaches emphasize active learning
activities and integrate educational experiences from the
classroom and clinical settings. Finally such approaches
share the advantage that can be incorporated into the
daily practice of critical care without substantial cost,
workflow disruption or compromise in the quality of
patient care. Moving forward, it is imperative that critical
care educators keep abreast of emerging educational
technologies including personalized learning, mobile
technologies and learning analytics®. While there is
sparse literature describing the benefits and limitations,
such technology has the potential to enhance learning
and clinical competence within the critical care setting.
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Abstract

Artificial nutrition (AN) is necessary to meet the nutri-
tional requirements of critically ill patients at nutrition risk
because undernutrition determines a poorer prognosis
in these patients. There is debate over which route
of delivery of AN provides better outcomes and lesser
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complications. This review describes the management
of parenteral nutrition (PN) in critically ill patients.
The first aim is to discuss what should be done in
order that the PN is safe. The second aim is to dispel
“myths” about PN-related complications and show
how prevention and monitoring are able to reach the
goal of “near zero” PN complications. Finally, in this
review is discussed the controversial issue of the route
for delivering AN in critically ill patients. The fighting
against PN complications should consider: (1) an app-
ropriate blood glucose control; (2) the use of olive
oil- and fish oil-based lipid emulsions alternative to
soybean oil-based ones; (3) the adoption of insertion
and care bundles for central venous access devices;
and (4) the implementation of a policy of targeting
“near zero” catheter-related bloodstream infections.
Adopting all these strategies, the goal of “near zero”
PN complications is achievable. If accurately managed,
PN can be safely provided for most critically ill patients
without expecting a relevant incidence of PN-related
complications. Moreover, the use of protocols for the
management of nutritional support and the presence
of nutrition support teams may decrease PN-related
complications. In conclusion, the key messages about
the management of PN in critically ill patients are two.
First, the dangers of PN-related complications have been
exaggerated because complications are uncommon;
moreover, infectious complications, as mechanical
complications, are more properly catheter-related and
not PN-related complications. Second, when enteral
nutrition is not feasible or tolerated, PN is as effective
and safe as enteral nutrition.

Key words: Enteral nutrition; Intensive care; Nutritional
support; Vascular access; Artificial nutrition

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The goal of parenteral nutrition (PN) is to com-
plete the therapy without complications. But the goal
of “near zero” PN-related complications is achievable
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if appropriate prevention and monitoring procedures
for reducing PN complications are instituted. The key
message of this review is the strong recommendation
for the development and implementation of protocols
for the safe management of PN in critically ill patients,
in which each healthcare professional will be actively
engaged. If accurately managed, PN can be safely
provided for most critically ill patients without expecting
a relevant incidence of PN-related complications.

Cotogni P. Management of parenteral nutrition in critically ill
patients. World J Crit Care Med 2017; 6(1): 13-20 Available
from: URL: http://www.wjgnet.com/2220-3141/full/v6/i1/13.htm
DOIL: http://dx.doi.org/10.5492/wjccm.v6.11.13

INTRODUCTION

Nowadays, the debate on the use of artificial nutrition
(AN) in critically ill patients is a hot topic. In fact, many
controversies still remain on several aspects of nutrit-
ional support of these patients, e.g., timing, quality of
macronutrients, safety, incidence of complications, and
route of deliveryt?.

This review has not the purpose to extensively dis-
cuss the indications for parenteral nutrition (PN) that
are clearly stated in the guidelines, but describes the
management of PN in critically ill patients. The first aim
is to discuss what should be done in order that the PN
is safe. The second aim is to dispel “myths” about PN-
related complications and show how prevention and
monitoring are able to reach the goal of “near zero”
PN complications. Finally, in this review is discussed
the controversial issue of the route for delivering AN in
critically ill patients.

INDICATIONS FOR PARENTERAL
NUTRITION

Generally speaking, guidelines®* recommend in critically
ill patients to initiate enteral nutrition (EN) if oral food
intake is insufficient, and PN if EN is not sufficient or
feasible. But, the key question is: When to use PN in
critically ill patients? Nowadays, the role of PN in critically
ill patients is one of the most controversial topic in
debate. In fact, there are conflicting recommendations
released by the American Society of Parenteral and
Enteral Nutrition (ASPEN)™ and the European Society for
Clinical Nutrition and Metabolism (ESPEN)" regarding
the use of PN in this population. For this reason, the
indications for PN in critically ill patients were copied from
the guidelines and “pasted” in an Appendix enclosed to
this review.

PARENTERAL NUTRITION SAFETY

PN is a complex prescription therapy associated as every
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other therapy with the potential risk of adverse effects.
To prescribe, compound, and dispense PN in critically
ill patients are three key components of a multifaceted
process involving different healthcare professionals re-
presenting the discipline of medicine, nursing, pharmacy,
and dietetics, frequently working together in a Nutrition
Support Team®™.

Specifically, the physician prescribing PN should
have some competences in indications for PN, infection
control, peripheral and central vascular access devices
(VADs) and all their related complications. As a matter
of fact, PN complications can occur both because of the
PN itself and as the result of the PN process.

Moreover, lapses, mistakes, and errors may occur
during all the phases of PN. Examples of lapses in the
verification process include PN administration: (1) to the
wrong patient; (2) by the wrong route, infusing a central
mixture via a peripheral vein or through an incorrect
tubing connection; and (3) at the wrong infusion rate.
Mistakes concerning wrong infusion rates are among
the most frequent errors quoted by literature. These
errors pose the risk for patient harm due to potential
severe metabolic alterations such as hyperglycemia or fat
overload.

A proper management of the PN can get full advan-
tage from its beneficial impact on the patient’s condition
and lessen the potential adverse effects. Actually, the
ASPEN continuously releases clinical guidelines and
consensus recommendations about PN safety"”.

The introduction in the daily practice of the “all-in-
one” bags (i.e., the commercially available premade
multichambered bags) without doubt has improved
the PN safety. The ASPEN guidelines”, comparing the
compounded with the multichambered PN formulations,
state that the latter have many clinical advantages and
better meet the needs of patients. In fact, the “all-in-
one” bags allow continuous and stable infusion of all
macronutrients. In particular, optimal nitrogen utilization
has been found to be achieved when the administration
of all macronutrients is performed simultaneously.

Since 2000, Pichard et a® demonstrated that the
use of 3-compartment bags for PN was less expensive
than separate bottles and hospital compounded bags.
Moreover, these authors demonstrated that standard
formulas satisfied the needs of more than 95% of
the adult patients. Pontes-Arruda et al” documented
that in critically ill patients the delivery of PN through
compounded bags was associated with a significantly
higher rate of bloodstream infections (BSIs) and central
line-associated bloodstream infections (CLABSISs). These
authors suggested that the use of multichamber bags
may play a role in decreasing the rate of BSIs in critically
ill patients receiving PN.

Another crucial issue about PN safety is the Y-site
compatibility of intravenous (IV) drugs with PN. Ad-
ministering PN and medications at the Y-site is not
recommended, but unfortunately cannot be avoided
when a large number of IV drugs have to be co-infused
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like in critically ill patients. In an interesting study"?, the
physicochemical compatibility of the contact 1:1 between
many medications and PN was evaluated in vitro after 1
and 4 h. The authors found an incompatibility after 1 h
among PN and the following medications at the tested
concentrations: Albumin (200 mg/mL), esomeprazole
(0.8 mg/mL), pantoprazole (0.8 mg/mL), tropisetron (1
mg/mL), and fluorouracil (25 and 50 mg/mL). Moreover,
they reported an incompatibility after 4 h among PN and
the following antibiotics: Cefepime (100 mg/mL) and
amoxicillin (50 mg/mL) plus acid clavulanic (10 mg/mL).

The ASPEN recommends the use of in-line filters for
PN delivery to reduce potential harms due to microor-
ganisms, air emboli, particulates, and microprecipitates'”’.
In-line filters are required for at increased risk critically
ill patients (immune-suppressed or infants, neonates,
and children), but their use is controversial in not at-risk
ones.

PARENTERAL NUTRITION
COMPLICATIONS

To reduce the rate of PN-related complications the first
recommendation is to know well them. Every healthcare
professional involved in the management of critically ill
patient should be prepared to recognize early the onset
of a PN complication and intervene for managing it.
The PN-related complications can be classified as: (1)
metabolic; (2) infectious; and (3) mechanical.

Metabolic complications
The metabolic complications that can occur acutely are
altered hydration status, electrolyte disturbances, and
hyperglycemia. These complications are common in
critically ill patients, but fairly easy to manage. On the
contrary, other severe metabolic complications such
as PN-associated liver dysfunctions (i.e., steatosis,
cholestasis, and gallstones) and metabolic bone disease
may be caused by long-term PN use (i.e., years).
Indeed, this is not the case for critically ill patients that
usually are on PN for weeks and rarely for few months.

To decrease the incidence of metabolic complications
is very important to identify them early by monitoring.
The latter should be clinical - and laboratory-based. It is
strongly recommended the monitoring of fluid balance
targeting “near zero”, as well as the daily check for edema
and fluid retention. Moreover, a well-scheduled laboratory
monitoring should be designed for checking electrolytes
(particularly, phosphate, magnesium, and calcium), renal
(particularly, Estimated Glomerular Filtration Rate) and
liver function (transaminases, bilirubin, and gamma-glu-
tamyl transferase). In case of prolonged PN (i.e., weeks or
months), the laboratory monitoring should be designed for
checking trace elements deficiencies (selenium, zinc, and
copper), as well as potential anemia causes (vitamin B12,
folic acid, iron, and copper).

However, the most important recommendation to
reduce the incidence of metabolic complications is to
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prevent them. At the beginning of the use of PN, the
administration of high doses of glucose frequently caused
hyperglycemia. Hyperglycemia (i.e., glucose > 10 mmol/L
or > 180 mg/dL) contributes to severe infections, organ
dysfunctions, and death in critically ill patients and
therefore should be carefully avoided. Currently, glucose-
induced abnormalities can be prevented by choosing PN
formulations with a reduced glucose amount. In hospi-
talized patients with hyperglycemia, glycemic control is
usually easily achieved by the IV pump-driven infusion
of short-acting insulin or by the addition of short-acting
insulin into the bag (1-2 U/10 g of dextrose).

In 2001, Van den Berghe et af'! demonstrated in a
randomized controlled trial (RCT) in critically ill patients
a remarkable positive impact of an intensive insulin
therapy on mortality and several other outcomes in case
of hyperglycemia. However, many authors subsequently
reported that there was a higher incidence of severe
hypoglycemia (i.e., 2.2 mmol/L or 40 mg/dL) in patients
treated to the tighter limits (i.e., 4.4 mmol/L or 80
mg/dL). Therefore, in our hospital we recommend to use
for blood glucose control a cut off of 8.3 mmol/L (or 150
mg/dL). From a practical point of view, an appropriate
blood glucose monitoring, based on clinical conditions
and infusions scheduled, is able to reduce the risk of both
hyperglycemia and hypoglycemia.

Lipid-induced abnormalities arise very rarely in critically
ill patients on PN. When these alterations occur generally
are more frequent related to liver dysfunction/failure than
to PN. When triglyceride levels become greater than 5
mmol/dL (or > 400 mg/dL), we recommend to reduce
the fat provision (e.g., reducing the opening of the lipid
compartment of the bag). Specifically, we suggest a
frequency of lipid administration of 1 to 4 times per week
in proportion to the triglyceride levels, although evidence-
based data supporting this policy are lacking.

Another hot topic in the debate over the nutritional
support of critically ill patients is the issue of the quality
of lipid therapy. This issue is still controversial due to,
at least in part, inconclusive or contradicting results in
several clinical trials using IV lipid emulsions alternative
to soybean oil-based IV lipid emulsions. In 2013,
Manzanares et al'? concluded that alternative oil-based
lipid emulsions may be associated with reductions in
length of stay in intensive care unit (ICU), duration
of mechanical ventilation, and mortality in critically ill
patients, but lack of statistical precision prevents any
recommendations until further studies confirm these
positive effects.

In 2014, in a prospective multicenter study was com-
pared the use of different lipid emulsions (i.e., soybean
oil, olive ail, and fish oil) in critically ill patients and found
that patients receiving olive oil and fish oil had a shorter
time to termination of mechanical ventilation alive and a
shorter time to ICU discharge alive'.

High doses of protein intake may lead to high levels
of nitrogen-containing compounds such as urea and
creatinine, metabolic acidosis, and hypertonic dehy-
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Figure 1 A critically ill patient in intensive care unit (image from Paolo
Cotogni, MD, Image used with permission from author).

dration. However, these are very rare PN complications.

Clinical features of deficiencies or excesses of micro-
nutrients (i.e., vitamins and trace elements) during
PN can be avoided simply with the addition of these
micronutrients according to a time schedule. Specifically,
the regular provision through commercial parenteral
vitamins and trace elements preparations avoids de-
ficiencies. For example, thiamine supplements (i.e.,
100-300 mg/d) should be administered during the first
3 d in patients with possible thiamine deficiency (i.e., in
case of severe malnutrition, anorexia nervosa or alcohol
abuse) to prevent neurological side effects associated
with glucose delivery during PN.

The optimal intake of macronutrients both energy
and protein is largely undefined and the prospective trials
have given controversial results™, The gold standard
to avoid overfeeding should be the use of indirect
calorimetry for measuring energy expenditure (EE)™.
The main limit of EE measurements is that caloric needs
may change during the ICU stay. If indirect calorimetry is
unavailable, a feeding protocol may significantly reduce
the risk of overfeeding. In fact, as suggested since
many years in ICU where the patient is often metabolic
instable, a protocol for management of PN may markedly
decrease the incidence of PN-related complications.

The most feared metabolic complication of PN is the
refeeding syndrome (RS). This syndrome can occur as a
consequence of administration of nutrients to a patient
with a severe undernutrition (i.e., with anorexia nervosa
or after a long-standing starvation). The clinical picture
of RS includes severe and life-threatening electrolyte
abnormalities (hypophosphatemia, hypokalemia, and
hypomagnesemia), as well as sodium and fluid retention
potentially leading to respiratory failure, heart failure,
and consequently death. RS can be prevented through
a stepwise and patient’s tailored feeding protocol™*.
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The key points for preventing RS is to provide an
optimal management and a daily monitoring of serum
electrolyte levels, fluid balance, and organ functions. In
patients at risk of RS is of pivotal importance to provide
a prophylactic supplement of phosphate, as well as to
strictly monitor the serum phosphate levels. Besides,
sodium and 1V fluids administration should be restricted
to maintain zero balance™.

Infectious complications

In patients receiving PN, the most feared and relevant
infectious complications are catheter-related bloodstream
infections (CRBSIs) and CLABSIs™™. However, these
infectious complications are not PN-related but more
properly catheter-related complications.

The central VAD is of key importance for quite all
critically ill patients in different clinical scenarios (ICU,
emergency department, and surgical ward) (Figure 1)
for the treatment of different disease states (sepsis,
shock, organ dysfunction/failure, major trauma, burns,
and postoperative complications) and for a variety of
purposes (antibiotic therapy, PN, fluids or medications
infusion, procedures of dialysis/apheresis, and hemody-
namic monitoring)™®.

However, healthcare providers are frequently worried
about the potential complications (mainly, BSIs and throm-
bosis) related to the use of a central VAD, both centrally
inserted central catheters (CICCs) and peripherally inserted
central catheters (PICCs). The choice between CICCs and
PICCs in critically ill patients is a controversial issue, but
many authors suggest that PICCs have many advantages
over standard CICCs'"’"*®!, For a complete review on
choice of the VAD (indications for PICCs and comparison
between CICCs and PICCs), insertion techniques (site
of insertion, ultrasound guidance, single vs multiple-
lumen, stabilization, and tip position), and care of the
VAD (dressing of vascular access exit site, administration
set replacement, and catheter flushing and locking) in
all critically ill patients (adults, neonates, infants, and
children)™.

Since 2006, Pronovost et af*® demonstrated that it is
possible to decrease CRBSI in ICU by introducing some
interventions and recently seems that the goal of “near
zero” CRBSI could become a reality™. In 2013, a group
of experts included in the top patient safety strategies
that can be strongly encouraged for immediate adoption
bundles that have checklists to prevent CLASBIs®*?,

The first important strategy to decrease the rate
of infectious complications is to apply a bundle for the
insertion of central VADs, including accurate hand hygiene,
skin disinfection with 2% chlorhexidine, maximal sterile
barrier precautions, and ultrasound guidance for the
catheter insertion™,

Since 2007, the evidence-based guidelines for pre-
venting healthcare associated infections stated that
the use of ultrasound may indirectly reduce infectious
complications by facilitating an insertion without immediate
mechanical complications'®. Indeed, nowadays is not
justified not using ultrasound guidance for central VAD
insertion®.
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The second relevant strategy to decrease the inci-
dence of infectious complications is to apply a bundle for
the care of central VADs, including the use of biopatch,
semipermeable transparent dressing, 2% chlorhexidine
for skin disinfection, and sutureless devices for the catheter
care.

Another important strategy to decrease the rate of
CRBSI is the selection of the exit site!””’. Many authors
suggest the importance to move the exit site of the
central VAD from the neck or the supraclavicular area to
the infraclavicular area for CICCs or the upper mid-arm
for PICCs.

Mechanical complications

The mechanical complications that can more frequently
occur are: Lumen occlusion, catheter dislocation, rup-
ture of external tract, and the most feared venous
thrombosis. However, these complications, as infectious
complications, are catheter-related and not PN-related
complications. According to the ESPEN guidelines, central
catheter-related venous thrombosis may be prevented
by: (1) the use at insertion of the ultrasound guidance;
(2) the use of a VAD with the smallest caliber compatible
with the patient’s need; and (3) the position of the tip
of the central VAD between the superior vena cava and
the right atrium (at or near the so-called atrio-caval
junction)®®?,

ENTERAL VS PARENTERAL NUTRITION

Based on the experience of Dudrick et af®®, the use
of PN was introduced in the late 1960s. Since then,
without any doubt PN helped greatly many critically ill
patients to recover from previously life-limiting clinical
conditions. However, the diffuse use of this therapy in
all patients, even with extensive indications, brought
reservations regarding its benefits and increased the
role of EN in the subsequent years.

In the late 1980s emerging evidence from animal
studies supported the concept that EN promotes gut
function and prevents the translocation of intestinal
bacteria. Therefore, total PN was considered to be a
“dangerous” form of therapy (e.g., “more harm than
good” or “a poison”) and this belief resulted in EN
becoming the new standard of care in AN.

The PN is also criticized because it is more expensive
than EN. Indeed, both EN and PN are relatively cheap
treatments, especially if compared to other therapies
that the critically ill patients need to survive.

All together, these concerns influenced the decision-
making of physicians about the choice between EN and
PN for the nutrition support of critically ill patients.

In fact, in 2000 Heyland™' questioned if PN in
critically ill patients was more harm than good because
there were studies comparing EN with PN suggesting
that PN was associated with increased complications
and mortality in some subgroups of these patients. On
the contrary, Jeejeebhoy™” in 2001 had an absolutely
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opposite judgment regarding PN and stated that the rate
of PN-related complications have been overstated.

In critically ill patients, EN is the recommended
method of nutritional support when the patient is unable
to have an adequate oral intake of nutrients to meet
his/her nutritional requirements and the gastrointestinal
tract is functional. The enteral route is efficient and cost-
effective, however it is not always as easy as it looks.

Also EN may be the cause of complications that can
be classified as: (1) metabolic (e.g., RS may occur also
with EN); (2) gastrointestinal (e.g., early satiety, nausea,
vomiting, and diarrhea); and (3) mechanical or tube-
related (e.g., malposition, dislodgement, and clogging,
both in case of nasogastric tube and percutaneous
endoscopic gastrostomy). Actually, the most feared com-
plication of EN is pulmonary aspiration because it can be
a life-threatening condition.

The debate over the topic of the route for delivering
AN in critically ill patients are relevant and attractive.
Since several years, meta-analysis and RCTs comparing
EN and PN found conflicting results as regards the benefits
of EN vs PN in critically ill patients. In my opinion, there is
a great misunderstanding in this debate; in particular, that
EN and PN are competitors. On the contrary, the selection
of EN or PN for delivering nutritional support should be
tailored on an individual basis.

In fact, the route chosen for providing AN should be
appropriate to the patient’s clinical conditions and should
frequently be evaluated for persistent appropriateness,
as well as for its adequacy in meeting nutritional re-
quirements of the patient. Not infrequently, in critically
ill patients the gastrointestinal tract is not able to tole-
rate the administration of the prescribed amount of EN
formula. If a patient develops intestinal dysfunction/
failure due to his/her critical illnesses, PN is more efficient
to meet patient’s nutritional needs and better tolerated
than EN.

In 2014, Harvey et al*"! reported the results of a RCT
evaluating the route of early nutrition support in 2400
adult critically ill patients. The trial compared early NE
with early PN and demonstrated that: (1) the PN and the
EN groups did not have significant differences in rates
of adverse events, treated infectious complications, and
other 14 secondary outcomes; and (2) the target intake
was not achieved in most patients although the caloric
intake was comparable between the groups. Therefore,
the authors concluded that: (1) there was no association
between 30-d mortality and the route for delivering
the early nutritional support; and (2) early PN, as it is
generally administered, is neither more beneficial nor
more harmful than EN in critically ill patients.

SUMMARY

The PN-related complications are catheter-related or
metabolic complications. In 2005, Beghetto et a/*”
reported that PN was an independent risk factor for
central venous catheter-related infection in nonselected
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hospitalized adult patients. In the past years, the rate
of catheter-related complications varied from 1.5 to 4.9
episodes per 1000 catheter days, depending on the
inhospital patient population, severity of iliness, and the
type of central VAD™.. However, after the Pronovost
paper®™, the widespread diffusion of guidelines on care,
diagnosis, and therapy of complications of central venous
catheters access in PN patients™™, and the introduction
of nutrition support teams'®, the incidence of PN-related
complications is markedly reduced.

In fact, in the RCT of Harvey et af*" the mean number
of infectious complications was 0.22 in the parenteral
group. Moreover, many studies demonstrated that the
goal of “near zero” CRBSI®®Y has been achieved; actually,
in the recent years the incidence of catheter-related
infections in ICU patients varied from 0!'%**3 to 2,417
episodes per 1000 catheter days.

Moreover, the optimization of energy provision with
supplemental PN in critically ill patients could reduce
nosocomial infections, antibiotic usage, and time on
mechanical ventilation, and consequently overall health-
care costs™®,

It is well known that hepatic dysfunctions are
common PN-related metabolic complications in patients
receiving long-term PN™%, but this is not the case for
critically ill patients that generally receive PN for weeks.

PN is effective and safe when EN is not feasible
or tolerated. However, in these patients receiving PN,
endogenous infection is more significant than exogenous
infection. Indeed, the lack of EN significantly disrupts
the usual gastrointestinal microbiota, leads to mucosal
gut atrophy and impaired intestinal barrier function. This
may determine an impaired immunity favoring endotoxin
absorption, macrophage-mediated and cytokine-mediated
inflammation, and dangerous bacterial translocation®.,

The question is: How to decrease the incidence
of CRBSIs in this condition? The suggestion is that all
patients receiving PN, because of EN was initially not
tolerated or feasible, should be assessed every day for
tolerance of EN and a combined administration of PN and
EN should be initiated as soon as feasible.

An emerging and intriguing issue is the use of
probiotics, alone or in combination with prebiotics, in
critically ill patients to restore the balance of gastro-
intestinal microbiota with a beneficial impact on intestinal
permeability and bacterial translocation. However,
further studies in this field are needed before a clear
recommendation can be released on the possible thera-
peutic use of pre- and probiotics for the protection of the
gut in ICU patients™”’.

CONCLUSION

The AN is necessary to meet the nutritional requirements
of critically ill patients at nutrition risk because under-
nutrition determines a poorer prognosis in these patients.
There is debate over which route of delivery of AN
provides better outcomes and lesser complications in
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critically ill patients.

The fighting against PN complications should consider:
(1) an appropriate blood glucose control; (2) the use of
olive oil- and fish oil-based lipid emulsions alternative to
soybean oil-based ones; (3) the adoption of insertion and
care central-line bundles; and (4) the implementation
of a policy of targeting “near zero” CRBSIs. Adopting all
these strategies, the goal of “near zero” PN complications
is achievable.

If accurately managed, PN can be safely provided for
most critically ill patients without expecting a relevant
incidence of PN-related complications. Moreover, the use of
protocols for the management of nutritional support and
the presence of nutrition support teams may decrease
PN-related complications.

In conclusion, the key messages about the mana-
gement of PN in critically ill patients are two. First, the
dangers of PN-related complications have been exag-
gerated because complications are uncommon; moreover,
infectious complications, as mechanical complications,
are more properly catheter-related and not PN-related
complications. Second, when EN is not feasible or tolerated,
PN is as effective and safe as EN.
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Abstract

In view of the enormous popularity of mass sporting
events such as half-marathons, the number of patients
with exertional rhabdomyolysis or exercise-induced
heat stroke admitted to intensive care units (ICUs)
has increased over the last decade. Because these
patients have been reported to be at risk for malignant
hyperthermia during general anesthesia, the intensive
care community should bear in mind that the same risk
of life-threatening rhabdomyolysis is present when these
patients are admitted to an ICU, and volatile anesthetic
sedation is chosen as the sedative technique. As illustrated
by the three case studies we elaborate upon, a thorough
diagnostic work-up is needed to clarify the subsequent
risk of strenuous exercise, and the anesthetic exposure
to volatile agents in these patients and their families.
Other contraindications for the use of volatile intensive
care sedation consist of known malignant hyperthermia
susceptibility, congenital myopathies, Duchenne muscular
dystrophy, and intracranial hypertension.

Key words: Exertional rhabdomyolysis; Heat stroke;

Intensive care sedation; Inhalational anesthetics; Malignant
hyperthermia; Congenital myopathies
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Core tip: Recent research has shown that a substantial
proportion of patients with exercise-induced heatstroke
harbor mutations in the ryanodine-receptor one gene
on Chromosome 19 (RYRI), encoding for the principal
calcium-release channel in striated muscle. These same
mutations are known to result in a massively increased
calcium-conductivity and life-threatening rhabdomyolysis
when malignant hyperthermia (MH) susceptible patients
are exposed to volatile anesthetics during general
anesthesia. In view of this, exposure to volatile anesthetic
sedation - an emerging trend in intensive care units -
is contraindicated, not only in patients with known MH
susceptibility and other congenital myopathies, but also in
patients admitted because of exertional rhabdomyolysis
and heatstroke.

Heytens K, De Bleecker J, Verbrugghe W, Baets J, Heytens L.
Exertional rhabdomyolysis and heat stroke: Beware of volatile
anesthetic sedation. World J Crit Care Med 2017; 6(1): 21-27
Available from: URL: http://www.wjgnet.com/2220-3141/full/
v6/i1/21.htm DOIL: http://dx.doi.org/10.5492/wjccm.v6.11.21

INTRODUCTION

Exercise-induced rhabdomyolysis (EIR), also known
as exertional rhabdomyolysis, is a clinical emergency
characterized by extensive post-exercise muscle necrosis
and the release of intracellular muscle components into
the circulation. The diagnosis is confirmed by a significantly
elevated serum creatine kinase (CK) level and/or the
presence of myoglobinemia and myoglobinuria. There
is no definitive pathological CK cut-off, and therefore,
clinical symptoms such as muscle swelling, myalgia, and
tenderness occurring with low-intensity exercise, or lasting
several days longer than expected, are important clinical
signs.

The most severe end of the clinical spectrum-and one
of the leading causes of death in young athletes-is known
as exertional heat stroke (EHS), a syndrome clinically
defined as a body temperature over 40 °C, with severe
rhabdomyolysis and signs of encephalopathy ranging from
confusion to convulsions or coma. It is often complicated
by multiorgan failure, including acute renal and hepatic
failure, and it may result in death if appropriate treatment
in an intensive care setting is delayed.

It has been reported for over two decades that a
significant part of patients with a history of EIR and/or
heat stroke is at increased risk of developing malignant
hyperthermia (MH) during general anesthesia™?.

MH is well known among anesthetists. It is inherited
as an autosomal dominant, genetically heterogeneous
trait that manifests as an acute rhabdomyolysis during
general anesthesia when susceptible individuals are
exposed to volatile anesthetics and/or succinylcholine.
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The incidence is generally estimated to be approximately
1 in 50000 general anesthesias. In the 1970-1980s,
mortality was over 80%, but now, it is fortunately less
than 5%".

A fulminant MH-crisis is characterized by a com-
bination of clinical and biochemical events: Inappropriate
hypercapnia and respiratory acidosis, polypnea, tach-
yarrhythmia, rapidly increasing body temperature,
sweating, generalized muscle rigidity, hemodynamic
instability, dark urine due to myoglobinuria, significant
CK-increase (often > 10.000 IU/L), and postoperative
stiffness and myalgia. Death may result from severe
hyperkalemia in combination with respiratory and meta-
bolic acidosis, acute renal failure, hyperthermia > 42 °C,
disseminated intravascular coagulation and fatal cardiac
arrhythmias.

Mortality has decreased significantly over the last
20 years because of our better understanding of the
syndrome, the use of end-tidal CO2 (ETCOz) monitoring
resulting in earlier diagnosis, and the availability of the
antidote dantrolene.

Treatment consists of the immediate discontinuation
of volatile anesthetic agents and the administration of
dantrolene. The surgical procedure should be terminated
as quickly as possible and if the procedure cannot be
aborted, the anesthesia technique has to be converted
to total intravenous anesthesia. Dantrolene should
be administered as a loading bolus of 2.5 mg/kg 1IV.
Subsequent doses of 1 mg/kg IV can be repeated up
to a maximum dose of 10 mg/kg, and are administered
until the dlinical signs (hypercapnia, hyperthermia, rigidity)
abate. Concomitantly minute volume should be maximized
to reduce respiratory acidosis.

Despite adequate treatment, complications still occur
in 20% of patients. The most common complication is
renal dysfunction and acute renal failure. The complication
rate increases to = 30% when 20 or more minutes
elapse between the first clinical sign and dantrolene
treatment™.

This life-threatening anesthesia-related complication
is due to the occurrence of point mutations in the genes
coding for the calcium-release channel of the sarcoplasmic
reticulum, e.g., the didyropyridine - ryanodine receptor
complex, resulting in a disturbed skeletal muscle calcium
homeostasis. The ryanodine receptor (RYR1 gene on
Chromosome 19q) contains the actual “calcium pore”. The
NH:z-terminal of this protein forms cytosolic protrusions
that extend toward, and make contact with, the voltage-
gated dihydropyridine receptor located in the T-tubular
wall. The corresponding gene for this protein is CACNA1S
on Chromosome 1. Depolarization of the sarcolemma
and T-tubule first activates the dihydropyridine receptor
which in turn activates the ryanodine receptor and opens
the calcium-channel as such.

As illustrated in Figure 1, the muscle from patients
harboring RYR1 and/or DHPR mutations upon exposure
to volatile anesthetics has been shown to exhibit an
increased calcium-conductivity and massive calcium re-
lease from the SR, in turn resulting in sustained muscle
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Figure 1 Functional implication of RY1/DHPR receptor mutations after
exposure to volatile anesthetics. The action potential generated in the motor
endplate is propagated along the sarcolemma and down the T-tubules, to be
captured by the voltage sensitive dihydropyridine receptor. The depolarization-
induced conformational change in this receptor in turn results in the opening
of the RYR1 calcium-channel and calcium release from the SR. Mutations in
the ryanodine-dihydropyridine receptor complex upon exposure to inhalational
anesthetics lead to a “longer open state” of RYR1, massive calcium release
from the SR, and eventually widespread muscle breakdown.

contraction, a catabolic state, and hyperacute muscle
breakdown®.

Susceptibility to MH is diagnosed by in in vitro con-
tracture testing (IVCT) in which skeletal muscle fascicles,
obtained by biopsy, are exposed to incremental concen-
trations of caffeine and halothane in a test bath. The
muscle contracture obtained in response to the drugs
is measured, and is, when above a certain threshold,
indicative of MH susceptibility. The test is considered
positive [malignant hyperthermia susceptible (MHS)] if
a contracture of at least 2 mN is obtained at halothane
concentrations of 2 Vol% or less, and/or a caffeine
concentration of 2 mmol/L or less. Malignant Hyper-
thermia negative (MHN) patients do not develop a
significant contracture at these concentrations. The
European Malignant Hyperthermia Group has standardized
this test across Europe. The degree of sensitivity and
specificity is 99% and 93.5% respectively™. The invasive
character of the test however hampers its widespread use
as a screening instrument.

Genetically, MH is dominantly inherited. Its estimated
prevalence is 1 in 3000™. Over the years both chromo-
somal and allelic heterogeneity have been demonstrated
but fortunately, RYR1 mutations can be found in 50% to
70% of families’. Therefore, in an emergency setting, if
general anesthesia is required in MHS patients, a trigger
free anesthetic technique - avoiding volatile anesthetic
agents and/or succinylcholine - is indicated to avoid this
potentially lethal complication.

By extension, patients with a history of EIR/EHS are
at increased risk of developing an MH event, e.g., severe
life-threatening rhabdomyolysis when they are exposed
to volatile anesthetic sedation, which is an emerging
trend in intensive care units (ICUs). Because this fact
may not be well known enough among non-anesthetist
intensive care specialists, we report three patients with
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recurrent exertional rhabdomyolysis and/or heat stroke
to illustrate the complex relationship with MHS, and we
review the literature on this topic.

Patient 1

Male, 43 years of age. Reason for investigation: Re-
current episodes of EIR when participating in half-
marathons. During a 2007 half-marathon, he presented
with an exercise-induced heat stroke (hyperthermia >
40 °C). No further clinical details are available. A second
episode of ER was noticed 1 year later during a 20-km
run. He developed an epileptic insult before finishing
the race. At admission, his temperature was 39.8 °C.
More convulsions occurred and his Glasgow coma scale
score dropped to 8/15. Sedation with propofol was
started, and he was intubated and artificially ventilated.
Rhabdomyolysis was diagnosed on the basis of a CK level
of 92.000 IU/L, and acute kidney failure occurred (max
creatinine level of 3.2 mg/dL), yet with spontaneous
recovery and without the need for hemodialyis. The
patient could be weaned from mechanical ventilation
after 7 d. Further recovery was uneventful. Personal and
medical history: Wrist fracture reduction under general
anesthesia, active sportsman (handball and squash for
years, recent focus on jogging). In between the two
episodes of hyperthermia, there were no signs of any
myopathy: No myalgias, no cramps, no weakness, and no
episodes of cola-colored urines. The family history was
negative for myopathies, sudden death, or anesthesia-
related complications. His physical examination was
normal, as well as Holter monitoring and echocardio-
graphy. The resting CK level was 90 IU/L (N < 193 IU/L),
lactate 0.68 mmol/L (N < 2 mmol/L). The ischemic exercise
test forearm was normal, ruling out glycogen storage
disease and myoadenylate deaminase deficiency. The
EMG only showed non-specific minor myogenic changes.
A 2009 muscle biopsy of the left M. quadriceps revealed
a significantly increased number of centrally located
nuclei. His IVCT was normal, and not indicative of MHS. A
molecular genetic analysis could not reveal any mutation
in the camnitine palmitoyl transferase 2 gene (CPT//), or
RYRI.

Patient 2

Male, 34 years of age. Reason for investigation: Re-
current episodes of EIR during cycling. The first major
episode occurred during preparation for a cycling event
in 2010 when he complained of severe cramping pain
in both thighs, and his CK level was found to be 49.536
IU/L and myoglobinuria. Renal failure did not develop.
In 2013, after cycle training for 5-6 h, he complained
of pronounced muscle weakness with difficulty to walk
for a few days. This was accompanied by a CK increase
to 9.222 IU/L. He is an avid amateur cyclist, practicing
several days a week, most often totaling 400 km/wk, and
quite regularly participates in a semi-professional tour of
up to 220 km in one day. Retrospective analysis showed
similar complaints to have started at the age of 18,
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mainly consisting of myalgia with feeling of stiffness, and
intermittent myoglobinuria and CK increase. In between
the crises, there is normal mobility and power, and no
CK increase. He had not yet been exposed to volatile
anesthetics. The family history is negative for anesthesia-
related events. His father ran marathons, reporting no
clinical events. His neurological examination was normal,
and functional and biochemical tests showed a basal
CK serum level of 293 U/L, a lactate of 0.8 mmol/L, a
normal ischemic forearm exercise test and EMG. Muscle
biopsy of the left M. quadriceps femoris in 2011 showed
an increased number of fibers with internal nuclei and a
minor increase of neutral fat drops in some type 1 fibers.
These were interpreted as unspecific findings. A repeat
muscle biopsy of the left M. quadriceps femoris in 2014
again demonstrated findings of mild myopathic disease:
Increased number of fibers with interal nuclei (25%) but
also a small number of “cores”, which are zones devoid
of enzymatic staining. IVCT results: 8 mN contracture
at 2 Vol% Halothane, 6 mN contracture with 2 mmol/L
Caffeine, indicative of MHS. Molecular genetic analysis did
not reveal any mutation in the CPT [/ gene or RYR1.

Patient 3

Male, 56 years of age. Reason for investigation: Recurrent
myalgia confined to the thigh muscles, described as
a sensation of severe tension or cramps, sometimes
unilateral, sometimes bilateral. The type of effort appeared
not to be related to the complaints: At times a prolonged
effort did not provoke any myalgia, whereas at other
times, the pain/cramps started after as short an effort
of 5-10 min such as descending a staircase. CK values
measured during an episode of myalgia rose up to
14.000 IE/L. He is also an amateur cyclist, but complaints
were only noticed after the age of 40. There was no
previous exposure to volatile anesthetics, and the family
history was also negative for anesthesia-related events.
His son is not active in sports (his daughter is), but until
now has not mentioned any complaints. His clinical
examination was normal, but he showed an increase in
basal CK value of 269-1771 IU/L at diverse occasions,
lactate was 1.2 mmol/L, and the ischemic forearm test
was normal. A 2015 muscle biopsy only showed atypical
myogenic anomalies. The IVCT was abnormal (5 mN
contracture with 2 mmol/L Caffeine, 14 mN contracture
with 2 Vol% Halothane), demonstrating MHS. Molecular
genetic analysis did not reveal a mutation in the CPT//
gene, but RYR1- mutation analysis demonstrated a base-
pair change in exon 43 (p.N2342S; c.7025A > G).

DISCUSSION

There is an emerging trend of using inhalational an-
esthetics for ICU sedation'®. The principle motivation
is that inhalational anesthetics have an interesting
pharmacokinetic profile compared with the usual com-
bination of propofol or benzodiazepine with an analgesic
drug. Several practical advantages have been proposed,
such as rapid onset and offset of action, low potential for
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accumulation in fat tissue, drug clearance through the
lungs and therefore independent of liver and/or renal
function, no tachyphylaxis, an opium sparing effect,
bronchodilatory properties, and end-organ protective
properties, such as ischemic preconditioning of the heart,
although clinical data remain limited on this.

Until about a decade ago, the technical prerequisites
for ICU use of volatile anesthetics were not fulfilled,
and therefore, their use remained confined to the OR.
Technological advances, however, have greatly sim-
plified the application of inhalational anesthetics for ICU
sedation. An important milestone was reached in 2005
with the introduction of a volatile anesthetic reflection
filter, the anesthetic conserving device (AnaConDa™,
Sedana Medical, Uppsala, Sweden), retaining 90% of
the volatile anesthetic and thereby enormously reducing
the consumption of volatile anesthetic. Since then, other
AnaConDa™ competing devices have been produced
and tested such as the Mirus™ (Pall Medical, Dreieich,
Germany)"). Suitable volatile agents are isoflurane,
sevoflurane, and desflurane. From a drug delivery point
of view, these technical developments have indeed
resulted in easy titration to the clinical end-point and
the possibility of breath-by-breath bedside monitoring.
A 0.3-0.6 minimal alveolar concentration of sevoflurane
is most often sufficient in the ICU setting. In view of the
increased CO:2 through the systems’ enlarged dead space
(100 mL), minute volume usually has to be increased by
being guided by ETCO: or blood gas analysis. Desflurane
is not commonly used in the ICU in view of its boiling
point of 22.8 °C, requiring a vaporizer heated to 39 C,
and the higher cost. It can be administered by the
Mirus™ device, not the AnaConDa"™".

Recent studies have indicated that the currently
available scavenger devices that are based on a silica
zeolite matrix, adequately adsorb the volatile agents and
thereby minimize environmental pollution by volatile an-
esthetic agents guaranteeing workplace safety'®.

The question still remains to be answered whether
volatile anesthetics will really become and stay a player
in critical care sedation®; however, the technique is
being increasingly used in Europe and North-America.

A pilot randomized controlled trial is currently being
set up to evaluate the practicability and dangers related
to volatile anesthetic agents when used for long-term
critical care sedation™®. This prospective multicenter
trial is blinded to the data analyst and aims to recruit
60 adult ICU patients requiring mechanical ventilation
and sedation for at least 48 h, in which 40 patients will
receive inhaled isoflurane and 20 patients will receive
intravenous midazolam and/or propofol, titrated to a
targeted Sedation Analgesia Score. Primary outcomes
will assess adherence to the particular sedation protocol
and atmospheric volatile concentration levels. Secondary
outcomes that will be investigated include the quality
of sedation, delirium, vasoactive drug support, time to
extubation, serum fluoride levels, and mortality.

With an ever-rising concern for adverse events
involved in our handling of patients, for any technique to
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stand a chance of proving itself, all side-effects have to
be clearly identified and communicated to the end users.

In this sense, Purrucker et af'® has issued a warning
conceming the use of volatile anesthetic sedation in patients
with a high risk of intracranial hypertension. Switching
from IV sedation to sevoflurane decreased MAP and CPP
in one-third of the patients studied to such an extent
that the early termination of sevoflurane administration
was required. The mechanism felt to be responsible was
vasodilation in response to a decreasing MAP and a slightly
raised partial-pressure carbon dioxide in patients with an
already low baseline cerebral compliance.

In this paper, we want to warn about the use of
volatile anesthetic sedation in a second subset of ICU
patients, in particular those with EIR/EHS in need of
intensive care.

Although EIR/EHS is most often encountered in a
military setting, the recent worldwide trend to organize
mass (semi)marathons has resulted in a significant
increase in the frequency of this problem in ICUs world-
wide. Indeed, the Centers for Disease Control and
Prevention of the United States reported that EHI occurs
both during practice and competition, with a disturbing
trend of increasing incidence, and mentioning EIR/EHS as
one of the leading causes of death in young athletes each
yeart'!],

General anesthesia with volatile anesthetic agents,
such as the currently used sevoflurane and desflurane,
is known to potentially induce acute rhabdomyolysis in
patients with a genetic predisposition to MH. Logically,
the same risk is present when genetically MHS patients
are exposed to volatile anesthetic sedation in the in-
tensive care setting. A recent publication reported on
the development of MH in an ICU patient sedated with
sevoflurane!*?.

Other groups of patients are also at risk. A link
between MHS and EIR has been suggested in the
anesthesia literature for over two decades. The earlier
reports linked MHS with EIR by demonstrating a
positive in vitro contracture test. One of the larger series
published'” reports on the IVCT results in 12 unrelated
patients with EIR. Ten of the 12 patients had IVCT
results indicative of MHS. In the ensuing years, reports
occurred providing evidence that “"MH-mutations” in
RYR1 were being associated with EIR. In 2002, Davis et
al™ reported two patients with EIR in which MHS was
confirmed through in-vitro contracture testing and the
presence of a RYR1 mutation.

Several similar cases were reported, and in 2013,
Dlamini et a* published a large series of 39 unrelated
families with rhabdomyolysis and/or exertional myalgia
in which nine heterozygous mutations were found in
14 families, several of them recurrent. Five of these
mutations had previously been associated with MH. They
conclude that RYRI mutations account for a substantial
proportion of patients presenting with unexplained rhab-
domyolysis and/or exertional myalgia, but also that
various stressors (e.g., pain, environmental heat, viral
infections, drugs) may need to be present to elicit acute

WJCCM | www.wjgnet.com

JBaishideng®

Heytens K et a/. Heatstroke and volatile anesthetic sedation

25

rhabdomyolysis. They also suggest that “additional family
studies are paramount in order to identify potentially MH
susceptible relatives”.

In a 2014 paper, Zhao et al™ actually raised the
question on whether the two disorders represent one
and the same disorder, which they called the Human
Stress Syndrome. This hypothesis has gained support,
and MH and EIR/EHS are increasingly believed to be
different presentations of the “expanding spectrum of
RYR1-related myopathies™®,

In view of the growing evidence that EIR in a
substantial portion of the patients admitted to the ICU
is a “non-anesthetic RYR1-related rhabdomyolysis™™®,
it is of great importance for the patients and families
involved to undergo a thorough investigation on the
cause of the life-threatening rhabdomyolysis, certainly
if the problem has been found to be recurrent. The
following reasons substantiate this statement: (1) several
“common” underlying causes with significant impact on
patients’ lives have to be ruled out, such as sickle cell trait,
CPTII deficiency, McArdle’s disease (glycogen storage
disease V'), myoadenylate deaminase deficiency, and
others; (2) to identify potentially MHS individuals as
implications for future general anesthesia are important.
If a patient is found to be MHS, preventive measures
concerning the anesthetic technique have to be taken.
Over the last decade, several experts have stated
that individuals who have a history of EHS should be
screened for MHS™'*™®. Even though the IVCT is an
invasive test, it is still considered to be the most sensitive
and specific test to determine a patient’s predisposition
to MHS. The estimation of the MH risk in a particular
patient is certainly not straightforward, as illustrated by
the case presentations. Patient 1 had a negative IVCT
and a negative genetic analysis, and is considered to be
non-MHS. Therefore, volatile anesthetics can safely be
administered in the operating room/ICU to this patient.
Patient 2 had a positive IVCT, but no mutation was found
upon RYR1 sequencing. However, it is well known that
a RYR1 mutation is found in only 50%-70% of patients
with a positive IVCT™, CACNA1S cDNA sequencing was
not performed in our patients in view of the cost and
the large number of sequence changes reported, most
of which are of unclear significance™®®. In this patient,
volatile anesthesia has to be avoided in the future,
because he is considered MHS by IVCT. Patient 3 had a
positive IVCT and a positive RYR1 mutation (p.N2342S;
c.7025A>G - exon 43) that was previously linked to
MH, and therefore, this patient is clearly at risk for MH
upon exposure to volatile anesthetic agents; and (3) If
RYR1 mutations are found, the condition should be con-
sidered to be hereditary, and additional family studies are
indicated.

The patient should be seen by a neurologist, because
a large number of diverse etiologies have been implicated
in acute EIR/EHS, and certain additional clinical features
can aid to define the most appropriate investigations.
A guideline for a diagnostic EIR/HS workup has been
suggested by Capacchione et af*'. Because of the rarity
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and heterogeneity of these conditions, however, this EIR/
HS workup remains a real diagnostic challenge.

A third group of patients at risk when given volatile
anesthetic sedation are patients with congenital myo-
pathies. This is a group of rare genetic muscle disorders (6
in 100000 live births) characterized by different structural
abnormalities in skeletal muscle fibers either observable
by light- or EM microscopy, and symptoms of hypotonia
and muscle weakness present at birth (although the
clinical expression may be delayed until childhood or
even adult life). These myopathies are genetically hetero-
geneous, but a substantial subgroup is linked with “gain-
of-function” mutations in the RYR1-gene, resulting in
increased calcium conductance of the calcium-release
channel and the potential for acute rhabdomyolysis when
exposed to volatile anesthetics. This has been shown
to be the case for central core disease, multiminicore
disease, centronuclear myopathy, congenital fiber type
disproportion, late-onset axial myopathy, and King-
Denborough syndrome!®,

The propensity of patients with muscular dystrophies
(especially Duchenne muscular dystrophy) to react
adversely to volatile anesthetic sedation is well known;
however, this does not occur through the presence of
RYR1 mutations but rather is the result of “toxic effects”
of these agents as well as succinylcholine on the fragile
sarcolemma. Prolonged exposure to volatile anesthetic
agents, and certainly the use of succinylcholine, has to
be avoided in this group of patients.

If intensive care sedation is needed in these patients,
a combination of propofol, benzodiazepines, morphino-
mimetics, neuraxial block, and, as last resort, non-depolarizing
neuromuscular blockers can be used. Dexmedetomidine
use for procedural sedation is safe.

CONCLUSION

Dominantly inherited MHS is rare. Therefore, in the
general population, life-threatening acute rhabdomyolysis
following exposure to volatile anesthetics either in
the operating room or the ICU is seldom encountered.
However, because a substantial proportion of patients
with EIR/EHS and congenital myopathies harbor RYR1
mutations resulting in an increased calcium-conductivity
of the Ca-release channel of the SR, volatile anesthetic
sedation should not be used in these high-risk patients.

Contraindications for volatile anesthetic sedation in
intensive care consist of: (1) known susceptibility for
MH; (2) congenital myopathies (central core disease,
multiminicore disease, centronuclear myopathy, congenital
fiber type disproportion, late-onset axial myopathy, and
King-Denborough syndrome); (3) duchenne muscular
dystrophy; (4) exertional rhabdomyolysis; and (5) intra-
cranial hypertension.
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Abstract

Nutrient ingestion induces a substantial increase in
mesenteric blood flow. In older persons (aged = 65
years), particularly those with chronic medical conditions,
the cardiovascular compensatory response may be
inadequate to maintain systemic blood pressure during
mesenteric blood pooling, leading to postprandial
hypotension. In older ambulatory persons, postprandial
hypotension is an important pathophysiological condition
associated with an increased propensity for syncope,
falls, coronary vascular events, stroke and death. In older
critically ill patients, the administration of enteral nutrition
acutely increases mesenteric blood flow, but whether this
pathophysiological response is protective, or precipitates
mesenteric ischaemia, is unknown. There are an in-
creasing number of older patients surviving admission
to intensive care units, who are likely to be at increased
risk of postprandial hypotension, both during, and after,
their stay in hospital. In this review, we describe the
prevalence, impact and mechanisms of postprandial
hypotension in older people and provide an overview
of the impact of postprandial hypotension on feeding
prescriptions in older critically ill patients. Finally, we
provide evidence that postprandial hypotension is likely to
be an unrecognised problem in older survivors of critical
illness and discuss potential options for management.

Key words: Postprandial hypotension; Enteral nutrition;
Critical care; Aged; Mesenteric ischaemia
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Core tip: In older ambulatory persons, postprandial
hypotension is an important pathophysiological con-
dition associated with an increased propensity to
coronary vascular events, stroke and death. In older
critically ill patients, the administration of enteral nutrition
acutely increases mesenteric blood flow, but whether
this pathophysiological response is protective, or pre-
cipitates mesenteric ischaemia, is unknown. We herein
describe the prevalence, impact and mechanisms and
management of postprandial hypotension in older
people. We finally provide an overview of the impact
of postprandial hypotension on feeding prescriptions in
and evidence that postprandial hypotension is likely to
be an unrecognised problem in older survivors of critical
illness.

Nguyen TAN, Abdelhamid YA, Phillips LK, Chapple LS, Horowitz
M, Jones KL, Deane AM. Nutrient stimulation of mesenteric blood
flow - implications for older critically ill patients. World J Crit
Care Med 2017; 6(1): 28-36 Available from: URL: http://www.
wjgnet.com/2220-3141/full/v6/i1/28.htm DOI: http://dx.doi.
org/10.5492/wjcem.v6.11.28

INTRODUCTION

Ingestion of nutrients initiates a complex process involving
precise coordination between the gastrointestinal tract,
autonomic and cardiovascular systems to increase
intestinal blood flow, whilst simultaneously maintaining
circulatory homeostasis'?. Age and disease-related
changes may compromise cardiovascular compensatory
mechanisms, which, particularly in older persons, may
result in a clinically relevant postprandial fall in blood
pressure, known as postprandial hypotension (PPH). PPH
is inconsistently defined but is generally regarded as a
reduction in systolic blood pressure of = 20 mmHg, or a
decrease to < 90 mmHg, that occurs within two hours of
a meal and persists for at least 30 min™. This definition
is empiric and derived from the definition of orthostatic
hypotension™. It is important to recognise that although
PPH frequently coexists with orthostatic hypotension, PPH
is a distinct entity. However PPH may well occur more
frequently, and have more substantive implications, than
orthostatic hypotension*®!,

EPIDEMIOLOGY

A recent meta-analysis reported that PPH occurs in about
20% of “healthy” older persons, about 30%-40% of
nursing home residents, 20%-91% of hospitalised patients
aged = 65 years, about 40% of people with diabetes, and
40%-100% of patients with Parkinson’s disease!”’. The
wide range of reported prevalence in each group reflect
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the small cohort sizes and the confounding effect of lack
of standardisation of methodology between studies;
including the definition of PPH, composition of test meal,
timing of meal ingestion, technique and duration of
blood pressure measurement, and use of concomitant
medications. However, it is clear that in each of these
groups the prevalence of PPH is high and that the very
elderly and patients with diseases associated with auto-
nomic dysfunction are at particular risk. Surprisingly, the
prevalence of PPH in elderly survivors of critical illness
has not been evaluated.

CLINICAL IMPORTANCE OF
POSTPRANDIAL HYPOTENSION

PPH is now recognised as an important pathophysiological
condition, not only because of its high prevalence, but
also due to the associated substantial morbidity and
mortality™. In older people in the community, PPH is
a strong predictor of syncope, falls, coronary events
and stroke - irrespective of whether the individual has
symptoms™®., In a prospective study of 499 nursing home
residents, Aronow et ai® reported that the postprandial
fall in systolic blood pressure was an independent risk
factor for falls, coronary events, stroke and all-cause
mortality. Supportive data are also provided by two
case-control studies that report that the magnitude and
prevalence of PPH are substantially greater in patients
with a history of falls or syncope when compared to
controls®”, Furthermore, in a five-year study of nursing
home residents, PPH was found to be an independent
determinant of mortality (RR = 1.79; 95%CI: 1.19-2.68);
with a “dose-response”, such that all-cause mortality
increased 13% for every 10 mmHg decrease in post-
prandial systolic blood pressure (RR = 1.13; 95%CI:
1.03-1.24)"Y,

As indicated, preliminary data suggest that it is
important to identify PPH even in those patients who
are unaware of the condition. While PPH is associated
with adverse outcomes, more than half (about 60%) of
patients with PPH may be asymptomatic and, therefore,
do not seek treatment'™®, For example, Kohara et
al"¥ studied 70 patients hospitalised with essential
hypertension and reported that the prevalence of
lacunar infarcts was increased two-fold in patients with
asymptomatic PPH. The strong association between
“asymptomatic” PPH and stroke has also been evident
in larger cohorts of older people residing in nursing
home facilities and ambulatory older people living in
the community®**. While this association does not
establish causality, it provides a compelling rationale
to diagnose PPH, which is a simple and inexpensive
process'”’, and to determine whether interventions that
attenuate PPH mitigate the risk of adverse outcomes,
such as cerebrovascular events™. The latter approach
is to some extent compromised by the current lack of
established effective management strategies™'.
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Figure 1 Factors involved in the regulation of postprandial blood pressure. (1) ingestion of a meal, with a greater carbohydrate load results in a greater
postprandial hypotensive response; (2) Meal-induced gastric distension from the meal triggers stretch receptors in the stomach wall, increasing sympathetic nerve
outflow; (3) gastric content is emptied into the small intestine, and, in response to the nutrient in the small intestine; (4, 5) gastrointestinal peptides are secreted from
the small intestine (e.g., GLP-1 and GLP-2, glucagon-like peptide-1 and 2; GIP, glucose insulinotropic polypeptide); (6) gastrointestinal peptides stimulate mesenteric
vessel dilation; (7) this results in reduced circulating blood volume and the reduction in blood pressure is detected by baroreceptors; (8a) the “gastrovascular”
and baroreceptor reflexes stimulate sympathetic activity to increase heart rate (HR), stroke volume (SV) and thus cardiac output (CO) to maintain postprandial
blood pressure; (8b) skeletal vasculature constricts to decrease peripheral blood flow. ‘These factors are affected by age and have been identified as potential
pathophysiological mechanisms of postprandial hypotension. Figure drawn by Ms. T. Nguyen. GIP: Glucose-dependent insulinotropic peptide; GLP: Glucagon-like

peptide.

EFFECT OF NUTRIENT STIMULATION ON
MESENTERIC BLOOD SUPPLY IN HEALTH

The presence of nutrients, particularly glucose and fats™®,
in the small intestine stimulates secretion of several
vasoactive gastrointestinal hormones that augment
intestinal blood flow!"”). In response to direct contact
with intraluminal nutrients, intestinal K-cells promptly
secrete glucose-dependent insulinotropic peptide, and
L-cells secrete glucagon-like peptide-1 and -2 (GLP-1
and GLP-2)™ (Figure 1). There is a two-fold increase in
blood flow through the superior mesenteric artery™'?,
such that up to 20% of total blood volume is diverted
to the gastrointestinal tract, which facilitates digestion
and absorption of nutrients™”), The magnitude of this
increase in mesenteric blood flow is dependent on meal
size and the rate of nutrient delivery from the stomach
into the small intestine®**!). In the research setting, the
potential confounding effect of inter- and intra-individual
differences in the rate of gastric emptying on PPH can
be regulated by directly infusing nutrient into the small
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intestine®??). Utilising this technique, it is apparent

that mesenteric blood flow increases when nutrient
is delivered at a greater rate and, particularly, when
carbohydrate or fat are ingested when compared to
protein™®?,

PHYSIOLOGICAL HAEMODYNAMIC
RESPONSES TO MEAL-INDUCED
MESENTERIC BLOOD FLOW

In health, blood pressure is maintained even in the
presence of postprandial mesenteric vasodilation via
increases in cardiac contractility and peripheral vasocon-
striction™. Meal-induced splanchnic blood pooling results
in a temporary and virtual “hypovolaemia” that stimulates
arterial baroreceptors®, while gastric distension activates
the “gastrovascular reflex"™" (Figure 1). Together, these
autonomic reflexes increase sympathetic nerve outflow
to the heart and other vascular beds®™'® to increase
both heart rate and stroke volume, thereby, augmenting
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cardiac output®. In parallel, the increase in muscle
sympathetic nerve activity leads to a compensatory
vasoconstriction of skeletal vasculature®”,

MECHANISMS UNDERLYING
POSTPRANDIAL HYPOTENSION IN

AMBULANT OLDER PERSONS

The pathophysiology of PPH reflects multiple factors
that impair reflex cardiovascular compensation”. Given
that mesenteric blood flow appears to be essentially
unaffected by age®, it has been postulated that
autonomic dysfunction is the main, albeit not sole
contributor, to PPH"?*?"), Masuda et af*® estimated that
healthy older people require a two to three-fold increase
in sympathetic nerve activity to maintain postprandial
blood pressure. However, with age, the sensitivity of the
gastrovascular and baroreceptor reflexes diminishes?®>**,
such that gastric distension may have minimal, or no
effect, on plasma noradrenaline concentrations®®. Con-
sequently, the hypertensive and muscle sympathetic
nerve activity responses following ingestion is blunted
in apparently “healthy” older people®®®!, In addition,
PPH is common in individuals with autonomic impairment
associated with primary autonomic failure, multiple system
atrophy, Parkinson’s disease or diabetes mellitus, conditions
that are all prevalent in older people®. In autonomic
failure, the postprandial increase in cardiac output is
attenuated, indicative of a diminished compensatory
response during mesenteric vasodilation'””’.

PHYSIOLOGICAL RESPONSES TO
ENTERAL NUTRITION IN THE CRITICALLY
ILL

Administration of enteral nutrition (EN) is part of stan-
dard care of critically ill patients, although the optimal
timing for the commencement of EN in patients with
shock, and/or who are receiving substantive doses of
catecholamines, remains controversial®l. EN has several
theoretical advantages over parenteral nutrition, including
the stimulation of mesenteric blood flow and bowel
contractility, as well as the release of trophic hormones™".
In addition, early (within 24-48 h) initiation of EN supports
commensal bacteria and favours maintenance of the
structural and functional integrity of the gut mucosal
barrier, including the gut-associated lymphoid tissue®**,
Consequently, feeding via the enteral route may limit
bacterial overgrowth and attenuate translocation of
gastrointestinal organisms and toxins®>*%, However, in
patients with established shock, postprandial nutrient-
stimulated demand for mesenteric blood flow may
potentially complicate systemic haemodynamics, while
the increase in mesenteric blood flow may be deleterious
via reperfusion injury®. The clinical dilemma as to
whether EN protects against, or exacerbates, mesenteric
ischaemia during critical illness, has been reviewed by
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several groups™>*",

SLOWER GASTRIC EMPTYING IN CRITI-
CALLY ILL PATIENTS MAY MITIGATE
POSTPRANDIAL HYPOTENSION

Despite EN being a frequently administered inter-
vention, there is a paucity of information regarding its
effects on gastrointestinal peptides and mesenteric
blood supply in the critically ill?**, However, because
of the frequent delay in gastric emptying associated
with critical illness™®”!, the rate of exposure of nutrient
to the small intestinal mucosa is diminished in many
patients'®!! that should, intuitively, attenuate vasoactive
gastrointestinal peptide secretion. Our group has,
however, reported increases in fasting and postprandial
GLP-1 concentrations in the critically ill, particularly in
those with feed intolerance'. This may represent the
effect of undigested carbohydrates and fats remaining in
the distal small intestine and colon, resulting in sustained
secretion of gastrointestinal peptides. Alternatively, this
may be secondary to an increased sensitivity to hormone
secretion or decreased hormone clearance during critical
illness.

IMPLICATIONS OF CHANGES IN
MESENTERIC BLOOD SUPPLY DURING
ENTERAL FEEDING

It has been suggested that administration of EN to those
patients with haemodynamic compromise or hypoxia
could be harmful®!. According to this concept, fasting
mesenteric blood supply is marginal, and the introduction
of EN will increase demand beyond oxygen delivery
capacity, thereby provoking mesenteric ischaemia***.
While non-occlusive mesenteric ischaemia occurs in < 1%
of critically ill patients, it carries substantial mortality (up
to 80% in some series)**,

The pathophysiology of non-occlusive mesenteric
ischaemia in the critically ill is incompletely understood,
but it is usually preceded by hypotension or hypovo-
laemia®!, It has been suggested that during systemic
hypotension mesenteric blood supply may be “sacrificed”
to preserve systemic blood pressure and, in the pre-
sence of artheromatous plaques, which are normally
associated with subclinical stenosis, this leads to critical
ischaemia”’). It has also been proposed that disordered
autoregulation of mesenteric vasculature causes intense
vasospasm of the superior mesenteric artery, even
when systemic blood pressure is normal, which may
be exacerbated during reperfusion®!. The tips of the
intestinal villi are considered to be especially sensitive
to ischaemia, particularly given their reliance on a so-
called “counter-current exchanger system” for oxygen
delivery®®®. Arterial blood is supplied via the central
arterial vessel that arborises at the tip of the villus
forming a dense subepithelial network of capillaries and
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oxygen cross-diffuses from the central supplying vessel
to the peripheral limb of the vascular hairpin loop™?, It
has been proposed that when mesenteric blood flow is
compromised the velocity of blood flow in the hairpin
vascular loops is decreased leading to extravascular
oxygen shunting at the base of villi*?!, which causes local
oxygen deficits at the villi tips, ultimately resulting in
ischaemic injury and cell death®**,

The tips of intestinal villi are essential for nutrient
absorption, and it has been hypothesised that non-specific
symptoms of gastrointestinal intolerance represents one of
the earliest signs of injury™®. The presence of unabsorbed
nutrient in the bowel lumen results in fluid shifts, bacterial
overgrowth and fermentation, potentially causing marked
bowel distension'*®. Patients may, therefore, initially
present with nausea, diarrhoea, bloating and abdominal
distension. According to this theory, as the bowel wall
is stretched further, there is a progressive increase in
capillary sludging and a reduction in mucosal perfusion™.
The resultant increased mural and vascular permeability
allows translocation of fluid, bacteria and toxins across
the bowel wall, which induces third-space fluid shifts and
activates a cascade of cytokines and oxidative radicals
that exacerbate the ischaemic episode™®. Furthermore,
changes frequently associated with age, such as the
presence of congestive heart failure, dysrhythmias or
cardiogenic shock, are likely to exacerbate the processes
in the development of mucosal ischaemia, thereby iden-
tifying older critically ill patients as a high-risk group™®.
However, previous case series of critically ill patients
with non-occlusive mesenteric ischaemia include a
large proportion of relatively young patients®**", which
appears inconsistent with the proposed events in this
model of pathophysiology.

Moreover, there is conflicting data, which suggest
that during a period of systemic hypotension EN is
protective and may reduce, or even prevent, non-
occlusive mesenteric ischaemia®’. A number of studies
in animal models have demonstrated that small intestinal
nutrient stimulates superior mesenteric artery blood flow
and mucosal microcirculatory flow****%%, However, it
should be recognised that these studies frequently use
relatively young animals and an “acute insult” model®™®.
Therefore, extrapolation of these data to older critically
ill humans, who characteristically have considerable co-
morbid illnesses and have been receiving liquid EN for a
number of days, should be made highly circumspectly.

There is also a concern that changes in mesenteric
blood supply stimulated by EN will lead to redistribution
of cardiac output to the mesenteric circulation, thereby,
“stealing” blood/oxygen from other organs including
the heart and brain™. It is well established that PPH is
associated with coronary vascular events and stroke in
the “healthy” ambulant older persons and hospitalised
patients with hypertension potentially due to this
“stealing” phenomenon™. Whether this phenomenon
occurs in the critically ill, and has clinical implications, is
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unknown.

NUTRIENT STIMULATES MESENTERIC
BLOOD FLOW DURING CRITICAL
ILLNESS

To improve understanding of mesenteric blood flow
during enteral feeding in the critically ill several inves-
tigators have “bypassed” the stomach and delivered
nutrient directly into the small intestine. Revelley et
al®® reported that a standard polymeric nutrient liquid
administered via a postpyloric tube to nine patients
one-day post-cardiopulmonary bypass, who were
also receiving catecholamine support, was associated
with an approximately 30% increase in postprandial
hepatosplanchnic blood flow with minimal impact on
systemic haemodynamics. Rokyta et ai*® also reported
that standard polymeric nutrient liquid infused via a
postpyloric tube to ten patients with severe sepsis
(mean age 61 years and n = 8 receiving catecholamine
support) increased hepatosplanchnic blood flow. These
investigators found that blood pressure was unaffected
by nutrient administration, but that there were modest
increases in cardiac output, measured using pulmonary
artery thermodilution, when EN was commenced®™®.
However, both studies used indocyanine green clearance
to measure hepatosplanchnic blood supply, which is
dependent on adequate hepatic perfusion and function,
and may well be less predictable in the critically ill than
in health. Furthermore, both groups utilised a mixed
nutrient liquid delivered at a rate (0.75 kcal/min),
which is less than normal physiological gastric emptying
(1-4 kcal/min)®" and standard feeding regimens®’>®,
Accordingly, this rate is not known to stimulate changes
in mesenteric blood flow in ambulatory older people®?,
and is not the rate of gastric emptying in many critically
ill patients™. Our group evaluated the effect of liquid
glucose (2 kcal/min) infused directly into the small
intestine in critically ill patients aged = 65 years™.
Compared to healthy age-matched persons, we observed
that postprandial mesenteric blood flow measured by
duplex ultrasound is attenuated in older critically ill
patients (n = 11, but only one patient had established
shock and required exogenous noradrenaline), which was
associated with reduced glucose absorption, while mean
arterial pressure was unaffected by nutrient infusion at
this rate™.

In summary, while there are limited data relating to
the acute effect of nutrient on mesenteric blood flow, it
appears that nutrient does increase macrovascular blood
flow. In older critically ill patients with shock, there is no
clear evidence that EN precipitates or protects against
mesenteric ischaemia, or exacerbates hypotension, in
this group. Nonetheless, feeding prescriptions that limit
delivery to < 1.5 kcal/min of a mixed nutrient liquid are
likely to be well tolerated.
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PREVALENCE AND OUTCOMES OF
OLDER PEOPLE IN THE ICU

Given the aging population and improved survival to
older age, there is an increasing demand for health care
services in older persons, including services provided in
the intensive care unit (ICU) for critically ill patients!®¢4.
Recent multicentre cohort studies indicate that > 50% of
ICU admissions are for patients aged = 65 years, with
8%-13% of admissions being the very old (aged = 80
years)®®?, Indeed, the prevalence of older critically ill
patients admitted to ICUs is projected to rise by 3%-5%
annually’®*®2, The increased rate of hospitalisation and
admission to ICU in this group is attributable, in part,
to the higher prevalence of chronic illness and organ
impairment associated with older age’®*.

Mortality and health care resource utilisation during,
and following, hospital stay in older ICU survivors are
substantial®®. Approximately 16% of ICU patients die
in hospital, with older patients being two- to three-fold
more likely to die, making up about 70% of ICU non-
survivors®®, Six-months after hospital discharge,
almost half of ICU survivors have presented to the em-
ergency department and one-third required hospital
readmission®”. Within five years of hospital discharge,
one-third of survivors of critical illness die, with about
70% of ICU non-survivors being aged = 65 years'®”.
Those who survive critical iliness have a greater reduction
in physical function post-ICU requiring more rehabilitation
services and utilisation of long-term care facilities'®**".,
Accordingly, it is evident that older survivors of ICU
represent a group that may benefit from increased follow-
up and novel interventions, particularly when considering
the burden associated with health care utilisation following
critical illness.

POTENTIAL FOR PPH IN OLDER

SURVIVORS OF CRITICAL ILLNESS

Al critically ill patients, regardless of age, are at high risk of
acute autonomic nerve dysfunction due to the insult critical
illness inflicts on organs, which disrupts the inter-organ
communication network™. Spectral analysis of heart
rate variability is frequently used to assess sympathetic-
parasympathetic balance and cardiorespiratory interac-
tions non-invasively®, While the precise prevalence of
autonomic dysfunction in the critically ill is unknown
it appears to be is poor prognostic marker for patients
within the ICU™!, Acute autonomic dysfunction, as
evidenced as attenuation in heart rate variability, has
been reported to be associated with the development
of multiple organ dysfunction, cardiac arrhythmias, and
death, and it can persist for prolonged periods even after
discharge from hospital®®®®!. Schmidt and colleagues
prospectively followed 90 critically ill patients with score-
defined multiple organ dysfunction (56 patients were
on catecholamine support), and reported about 95% of
patients had significantly reduced heart rate variability,
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which was not affected by the administration of sedatives
or catecholamines®, These investigators also reported
that heart rate variability was comparable in young (<
40 years, n = 9), middle aged (40-60 years, n = 31)
and older (> 60 years, n = 45), but baroreflex sensitivity
declined with age®!. Given that the baroreceptor reflex
and cardiac autonomic function are fundamental to the
maintenance of postprandial blood pressure, it is intuitively
plausible that older patients who survive critical illness and
have autonomic dysfunction represent a group at risk of
PPH. However, there is limited data as to the prevalence
of PPH in survivors of critical illness and it is also possible
that delayed gastric emptying or attenuated superior
mesenteric blood flow, which are both observed during
critical iliness, persist after ICU, and this would mitigate
the risk of PPH.

POTENTIAL INTERVENTIONS FOR
PATIENTS WITH PPH

Management of PPH can be non-pharmacological, or
pharmacological and attenuate PPH by targeting the
mechanism(s) involved in the pathophysiology of PPH, as
specified in Figure 1, Interventions, such as consuming
smaller, more frequent meals, reducing carbohydrate
content and protein “pre-loads”, to reduce the rate of
glucose absorption in the small intestine may be effective,
as this has been postulated to reduce the magnitude
and duration of increased mesenteric blood flow'”*.. The
simple task of drinking approximately 350 mL of water
immediately prior to nutrient ingestion, to maximise
gastric distension, attenuates PPH, probably via the
gastrovascular reflex®”, Gastric emptying can be slowed
with the use of guar and other “pre-load” stimulants™.
Inhibition of gastrointestinal peptides may also be
achieved via the use of alpha-glucosidase inhibitors
(e.g., acarbose) or somatostatin analogues (e.g., octreo-
tide)*>”, Alternatively, sympathetic nerve activity
can be directly stimulated via postprandial exercise or
caffeine™. However, the evidence to support the efficacy
of these interventions is limited as studies have, for the
main part been acute and limited to small cohorts, often
including individuals who do not clearly meet the criteria
for diagnosis of PPH. Nevertheless, the use of inexpensive
interventions, such as eating smaller meals and drinking
water may be sufficient to attenuate PPH.

CONCLUSION

PPH is recognised as an important pathophysiological
condition, which is prevalent in older people (aged =
65 years) living within the community, and is associated
with considerable morbidity and mortality. Demographic
changes have resulted in an older population within the
ICU and this group is likely to be particularly susceptible
to PPH due to their co-morbid conditions, as well as the
frequent critical illness-associated autonomic dysfunction.
While administration of EN will acutely increase me-
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senteric blood flow in this group, whether this patho-
physiological response is protective, harmful, or has no
effect on blood pressure, remains uncertain. Current
management strategies for PPH are limited. Further work
is required to determine the prevalence of this condition
in older survivors of critical illness and evaluate novel
interventions in this cohort.
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Abstract

AIM
To examine the effect of high doses of vitamin C (VitC)
onh ex vivo human platelets (PLTSs).
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METHODS

Platelet concentrates collected for therapeutic or pro-
phylactic transfusions were exposed to: (1) normal
saline (control); (2) 0.3 mmol/L VitC (Lo VitC); or (3) 3
mmol/L VitC (Hi VitC, final concentrations) and stored
appropriately. The VitC additive was preservative-free
buffered ascorbic acid in water, pH 5.5 to 7.0, adjusted
with sodium bicarbonate and sodium hydroxide. The
doses of VitC used here correspond to plasma VitC
levels reported in recently completed clinical trials. Prior
to supplementation, a baseline sample was collected
for analysis. PLTs were sampled again on days 2, 5
and 8 and assayed for changes in PLT function by:
Thromboelastography (TEG), for changes in viscoelastic
properties; aggregometry, for PLT aggregation and
adenosine triphosphate (ATP) secretion in response
to collagen or adenosine diphosphate (ADP); and
flow cytometry, for changes in expression of CD-31,
CD41a, CD62p and CD63. In addition, PLT intracellular
VitC content was measured using a fluorimetric assay
for ascorbic acid and PLT poor plasma was used for
plasma coagulation tests [prothrombin time (PT), partial
thrombplastin time (PTT), functional fibrinogen] and
Lipidomics analysis (UPLC ESI-MS/MS).

RESULTS

VitC supplementation significantly increased PLTs intra-
cellular ascorbic acid levels from 1.2 mmol/L at baseline
to 3.2 mmol/L (Lo VitC) and 15.7 mmol/L (Hi VitC, P <
0.05). VitC supplementation did not significantly change
PT and PTT values, or functional fibrinogen levels
over the 8 d exposure period (P > 0.05). PLT function
assayed by TEG, aggregometry and flow cytometry
was not significantly altered by Lo or Hi VitC for up to
5 d. However, PLTs exposed to 3 mmol/L VitC for 8 d
demonstrated significantly increased R and K times by
TEG and a decrease in the a-angle (P < 0.05). There was
also a fall of 20 mm in maximum amplitude associated
with the Hi VitC compared to both baseline and day 8
saline controls. Platelet aggregation studies, showed
uniform declines in collagen and ADP-induced platelet
aggregations over the 8-d study period in all three groups
(P > 0.05). Collagen and ADP-induced ATP secretion was
also not different between the three groups (P > 0.05).
Finally, VitC at the higher dose (3 mmol/L) also induced
the release of several eicosanoids including thromboxane
B2 and prostaglandin Ez, as well as products of arachidonic
acid metabolism via the lipoxygenases pathway such as
11-/12-/15-hydroxyicosatetraenoic acid (P < 0.05).

CONCLUSION

Alterations in PLT function by exposure to 3 mmol/L
VitC for 8 d suggest that caution should be exerted with
prolonged use of intravenous high dose VitC.

Key words: Platelet function; Thromboelastography;
Flow cytometry; Platelet lipidomics; Vitamin C

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: High dose intravenous vitamin C (VitC) is
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often used by Complementary and Alternate Medicine
practitioners for a variety of ailments. Moreover, use of
high dose VitC by mainstream physicians as an adjunct
in the treatment of sepsis, sepsis induced acute lung
injury, cancer and burns is on the rise. However, there
is no information on the impact of these high doses VitC
on normal platelet (PLT) function. Prolonged exposure
of ex vivo PLTs to high doses of VitC altered some PLT
functions as assessed by thromboelastography. How-
ever, short term exposure (< 8 d) or low dose exposure
had almost no impact on PLT function.

Mohammed BM, Sanford KW, Fisher BJ, Martin EJ, Contaifer Jr
D, Warncke UO, Wijesinghe DS, Chalfant CE, Brophy DF, Fowler
I AA, Natarajan R. Impact of high dose vitamin C on platelet
function. World J Crit Care Med 2017; 6(1): 37-47 Available from:
URL: http://www.wjgnet.com/2220-3141/full/v6/i1/37.htm DOI:
http://dx.doi.org/10.5492/wjccm.v6.i1.37

INTRODUCTION

Platelets (PLTs) are central to physiologic processes
involved in hemostasis and thrombosist™. While an
immune function of PLTs has been described in the litera-
ture”, recent studies point to an incompletely understood
role for PLTs in @ myriad of host immune responses.
These studies point to altered PLT function in numerous
disease states including inflammation, acute respiratory
distress syndrome, atherosclerosis and cancer™™,

L-ascorbic acid is the reduced form of vitamin C
(VitC). It is a water soluble molecule with strong antioxi-
dant properties®®’!, PLTs possess Na*-dependent VitC
transporters (SVCT2) and this allows them to actively
transport VitC intracellularly™. Although normal VitC
concentrations in plasma are 50-80 umol/L, PLTs can
hold up to 4 mmol/L of intracellular VitC™. This is
50-80 fold higher than circulating VitC concentrations in
plasma'?., Studies have shown that VitC plays several
roles in platelet functions, including reduction of reactive
oxygen species™, inhibition of expression of the pro-
inflammatory CD40 ligand (CD40L)™?, inhibition of throm-
boxane Bz formation™ and stimulation of prostaglandin
E: production™. This underscores the important role of
VitC for normal platelet metabolic functions.

While VitC at normal physiological concentrations is
critical for PLT function, there is virtually no information
on the impact of high concentrations of VitC on PLT
function. High dose intravenous VitC was predominantly
used by Complementary and Alternate Medicine
(CAM) practitioners. However, there has been a recent
trend to use high dose intravenous VitC to treat many
chronic, untreatable or intractable disease states. At the
present time, high dose intravenous VitC is often used
as an adjunct in the treatment of sepsis, sepsis induced
acute lung injury, cancer, iron deficiency in hemodialysis
patients and even in the bum protocol™™. A few studies
have reported that high dose intravenous VitC has

February 4, 2017 | Volume 6 | Issuel |



complications in those with renal impairment or glucose
6 phosphate dehydrogenase deficiency. But, in general,
its use appears relatively safe in multiple published
randomized clinical trials. Yet, since the scale of such
use is on the rise, it is vital that the safety of high dose
VitC be examined in greater detail. To address this need,
we examined the effect of exposing human PLTs to high
doses of VitC. The doses used in this study were typically
those reported in many of the recently completed
randomized clinical trials!>*®, We also used PLTs under
ex vivo conditions for these studies. These PLTs were
primarily collected for therapeutic or prophylactic
transfusions and stored appropriately. We examined the
effect of high doses VitC on a variety of PLT functions,
both at rest and following activation, over an 8 d period.

MATERIALS AND METHODS

Platelet concentrate preparation

Platelet concentrates (PCs) were prepared by Virginia
Blood Services (Richmond, VA) following standard
operating procedures. Briefly, freshly collected, whole
blood was centrifuged at low speed (soft spin 1500
x g) to separate platelet rich plasma (PRP). PRP was
subjected to a second centrifugation (hard spin 5000 x g),
then all but 50 mL of supernatant plasma was removed
to concentrate the PLTs. The PLTs were re-suspended in
residual plasma and stored with agitation at 22 ‘C-24°C
for 8 d at the Virginia Commonwealth University Trans-
fusion Medicine Center.

Experimental design and study groups

PCs were treated with one of three additives: Normal
saline (control); 0.3 mmol/L VitC (Lo VitC); or 3 mmol/L
VitC (Hi VitC) as final concentrations. We used 6-10 PC's
per treatment arm. The VitC additive was preservative-
free buffered ascorbic acid in water (Ascor L500, McGuff
Pharmaceuticals, Santa Ana, CA), pH 5.5 to 7.0 adjusted
with sodium bicarbonate and sodium hydroxide. Prior
to supplementation, an initial baseline sample was
collected at the blood supplier facility and transported to
participating laboratories for analysis. PCs that passed
standard screening tests were transported to the Virginia
Commonwealth University Transfusion Medicine Center
and sampled again on days 2, 5 and 8.

Sample processing

PLT samples were collected using sterile technique and
processed. An initial PLT count was obtained and a portion
of the sample was used to obtain platelet poor plasma
(PPP) by centrifugation at 2000 x g for 10 min. The re-
sultant PPP was then used to adjust the sample platelet
concentration to 230-270 x 10°/ uL (Adj. PRP).

Platelet pH and ascorbate analysis

An aliquot of the unadjusted PC was used for pH de-
termination. For ascorbate determination, Adj. PRP (500
uL) was pelleted by centrifugation; washed with room

WJCCM | www.wjgnet.com

JRaishideng®

39

Mohammed BM et a/. High dose VitC on platelet function

temperature phosphate buffered saline; deproteinized
in 100 pL of cold 20% trichloroacetic acid followed by
addition of 100 pL of cold 0.2% dithiothreitol to prevent
oxidation. Platelet lysates were vortexed and centrifuged
at 10000 g for 10 min 4 C. The supernatants were
stored at -80 C for batch analysis. Total ascorbate was
assessed using a Tempol-OPDA based fluorescence end-
point assay as previously described™.

Plasma coagulation tests

Aliquots of PPP were assayed for prothrombin time (PT),
activated partial thromboplastin time, and functional
fibrinogen using the Stago STA Compact Coagulation
Analyzer (Diagnostica Stago Inc., Parsippany, NJ)
according to manufacturer’s instructions.

Measurement of platelet function

Viscoelastic properties measurement: The vis-
coelastic properties of PRP were measured in duplicate on
a thromboelastography analyzer [thromboelastography
(TEG) 5000, Haemonetics Corp., Braintree, maximum
amplitude (MA)] using published methods®®". Briefly, 30
pL of 0.2 mmol/L CaCl2 and 330 pL of PRP were loaded
into the TEG cup sequentially and test parameters (i.e., R,
K, o and MA) recorded.

Platelet aggregation and secretion: PLT aggregation
in response to 2 ug/mL collagen or 10 ymol/L adenosine
diphosphate (ADP) stimulation was measured by optical
density using PRP. Simultaneously, the associated PLT
adenosine triphosphate (ATP) secretion was measured
via luminescence using Chrono-Lume™ reagent. Respective
PPP aliquots of each sample were used as blanks. All
runs were done in duplicate on a Chrono-log Series 500
aggregometer (Chrono-Log Corp., Havertown, PA) accord-
ing to manufacturer’s instructions.

Platelet flow cytometry

Reagents: Human thrombin (T7009), Gly-Pro-Arg-Pro
(GPRP) tetra-peptide inhibitor of fibrin polymerization,
and serum bovine albumin were all obtained from
Sigma-Aldrich (St. Louis, MO); phosphate-buffered saline
and formalin from Beckman Coulter (Fullerton, CA);
fluorescein isothiocynate conjugated CD41a (CD41a-
FITC) and CD-31 (CD31-FITC), and phycoerythrin con-
jugated CD62p (CD62p-PE) and CD63 (CD63-PE) were
obtained from BD Biosciences (San Jose, CA); ADP from
Chrono-Log Corp (Havertown, PA).

Procedure: Adj. PRP was diluted (1:10) using sterile
saline (0.9% NaCl). Eight tubes were prepared per
sample; 1 unstained, 3 CD62p-PE (alone, thrombin 0.5
U/mL, or ADP 10 pmol/L), 3 CD63-PE (alone, thrombin
0.5 U/mL, or ADP 10 umol/L), and 1 containing the
corresponding isotypes-matched monoclonal antibodies
mixture (negative control). CD41a-FITC and/or CD31-
FITC were used to set the platelets gate for acquisition.
GPRP (0.5 mmol/L) was added prior to thrombin
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Figure 1 Vitamin C exposure increased intracellular platelet vitamin C
concentrations during storage. PLTs supplemented with Lo/Hi VitC had
significantly higher intracellular levels of VitC (3.2 mmol/L for Lo VitC and 15.7
mmol/L for Hi VitC) compared to saline controls (1 mmol/L), (n = 10/group, °P <
0.05). VitC: Vitamin C; PLTs: Platelets.

activation to inhibit fibrin polymerization. All tubes were
processed the same day on the Accuri C6 flow cytometer
(BD Biosciences, San Jose, CA). The assay was performed
under the following conditions: Fluidics: Medium; forward
scatter threshold: 30000; and 20000 events were
collected in a preset platelet gate using standard methods
including CD41a and/or CD31 as global platelet markers.
The collected data were analyzed using FlowJo version
7.6.5. (Ashland, OR). Results were expressed in mean
fluorescence intensity units for CD41 and in percentages
for other markers of activation.

Lipidomics analysis

Eicosanoids were analyzed as previously described®®%",
Quantitative analysis of the lipids in the ethanolic extracts
was carried out using UPLC ESI-MS/MS as described with
minor modifications™®*®, Briefly, to 200 pL of plasma,
LCMS grade ethanol containing 10 ng of each internal
standard was added (1 mL). The samples were mixed
using a bath sonicator followed by incubation overnight
at -20 °C for lipid extraction. Following incubation, the
insoluble fraction was precipitated by centrifuging at
12000 g for 20 min and the supernatant was transferred
into a new glass tube. The lipid extracts were then dried
under vacuum and reconstituted in LCMS grade 50:50
EtOH:dH20 (100 pL) for eicosanoid quantitation via UPLC
ESI-MS/MS analysis.

Statistical analysis

Statistical analysis was performed using SAS 9.3 and
GraphPad Prism 6.0 (GraphPad Software, San Diego, CA,
United States) by Bernard ] Fisher, Division of Pulmonary
Disease and Critical Care Medicine, Department of
Internal Medicine, Virginia Commonwealth University,
Richmond, Virginia and Bassem M. Mohammed, De-
partment of Pharmacotherapy and Outcomes Science,
Virginia Commonwealth University, Richmond, Virginia.
Data are expressed as mean = SE. Results were com-
pared by one-way ANOVA and the post hoc Tukey test to
identify specific differences between groups. Statistical
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Figure 2 Vitamin C exposure was associated with pH drop on day 8. The
addition of Lo/Hi VitC did not alter the pH of the platelet concentrate. Changes
in pH were comparable throughout day 5 of storage. Both Lo/Hi VitC were
associated with a further significant decrease in pH between day 5 and day 8 (n
= 6/group, °P < 0.05). VitC: Vitamin C; PLTs: Platelets.

significance was confirmed at a P value of < 0.05.

RESULTS

VitC exposure increased intracellular PLT VitC
concentrations during storage

Freshly isolated PLTs contain high concentrations of
intracellular VitC (1.23 £ 0.09 mmol/L). These concen-
trations are about 20 fold higher than the typical plasma
levels of 50-80 umol/L VitC. In freshly isolated PLTs on
day 0, intracellular platelet VitC concentrations were
not significantly different between the groups (Figure
1). By day 2, PLTs from VitC supplemented bags had
significantly higher VitC levels (3.2 mmol/L for Lo VitC
and 15.7 mmol/L for Hi VitC) compared to saline (1.2
mmol/L, P < 0.05). VitC content of PLTs observed at day
2 did not significantly change throughout the rest of the
storage period in all three groups. This suggests that
PLTs, when exposed to high concentrations of VitC, have
the capacity to store VitC intracellularly at concentrations
that are significantly higher than that observed at normal
plasma levels.

VitC exposure was associated with pH drop on day 8
Baseline pH was initially identical between the three
groups. There was a slow, but comparable drop in pH in
the three groups until day 5. However, in the PC exposed
to Lo/Hi VitC supplementation, there was a further
significant decrease in pH between day 5 and day 8
(Figure 2, P < 0.05).

VitC exposure did not alter coagulation pathways in
PLTs

VitC supplementation did not significantly change PT
and PTT values which gradually increased in all three
groups (Figure 3A and B). On similar lines, functional
fibrinogen levels also did not differ between the groups
over the 8 d and remained within a clinically relevant
range (Figure 3C).

February 4, 2017 | Volume 6 | Issuel |



40 -

@ Saline
Lo VitC
& Hj VitC

30 -

PT (s)

55

@ Saline
Lo VitC

& Hi VitC

50 -

45

PT (s)

a0

35

30 -

(@]

350 -

@ Saline
Lo VitC
& Hij VitC

300 -

250 -

Fibrinogen (mg/dL)

200 -

150 |-

Figure 3 Vitamin C exposure did not alter coagulation pathways in
platelets. PT, PTT and Fibrinogen were performed to detect major impacts on
the intrinsic, extrinsic and common coagulation pathways. Using platelet poor
plasma we observed no significant changes across the saline, Lo- and Hi VitC
groups in the PT (A), PTT (B), and Fibrinogen (C) profiles over storage (n =10/
group). VitC: Vitamin C; PT: Prothrombin time; PTT: Partial thrombplastin time.

High VitC exposure impacts PLT function on day 8

Over the first 5 d, the addition of Hi or Lo VitC had
no deleterious impact on any of the TEG parameters
compared to the saline control (Figure 4). However,
on day 8 significant differences were associated with
extended storage in Hi VitC. Specifically, R and K times
were extended in the Hi VitC group when compared to
saline group (Figure 4A and B, P < 0.05). In agreement
with K-time data, a decrease in a-angle was observed in
the Hi VitC group on day 8 (Figure 4C, P < 0.05). On day
8, there was a fall of 20 mm in MA associated with the Hi

WJCCM | www.wjgnet.com

JBaishideng®

41

Mohammed BM et a/. High dose VitC on platelet function

VitC compared to both baseline and day 8 saline controls
(Figure 4D, P < 0.05).

Platelet aggregation studies, showed uniform declines
in Collagen and ADP-induced platelet aggregations over
the study period in all three groups (Figure 5A and B).
In addition, Lo/Hi VitC addition did not alter Collagen
and ADP-induced ATP secretion throughout the study
(Figure 5C and D). Furthermore, flow cytometric analysis
of CD62 and CD63 expression profiles, showed that VitC
supplementation had no effect on basal CD62p and CD63
expression during storage (Figure 6A and D). Following
ADP (Figure 6B) or thrombin (Figure 6C) stimulation, the
CD62 expression showed a steady decrease that was
not significantly different across the three groups (except
for Hi VitC vs saline on day 8, P < 0.05). The expression
profiles for CD63 differed depending on whether the PC
were stimulated with ADP or thrombin (Figure 6E and F).
However, the observed flow cytometric analysis changes
were not significant across the three groups over 8 d.

Effects of VitC exposure on eicosanoids metabolism in
PLTs

Eicosanoids analysis was carried out on days 0, 2, 5
and 8 using aliquots of the PPP fraction of each sample.
The levels of the free polyunsaturated fatty acids:
Arachidonic acid (AA), eicosapentanoic acid (EPA), and
docosahexanoic acid (DHA) did not differ significantly
across the three groups throughout the study period
(Figure 7A-C). Interestingly, free AA levels showed
an initial drop from baseline in the three groups, and
then remained unchanged through day 8. Formation of
11-/12-/15-HETE, products of AA metabolism via the
lipoxygenases pathway showed a gradual increase over
storage time (Figure 7D-F). The magnitudes of changes
were not significantly different between the Lo VitC
and the saline groups. However, levels of 11-HETE was
significantly higher at days 5 and 8 in the Hi VitC group
when compared to saline (Figure 7D, P < 0.05). Hi VitC
supplementation significantly augmented 12-HETE levels
on days 2, 5 and 8 (Figure 7E, P < 0.05). With respect
to 15-HETE, only day 8 levels were significantly higher
in the Hi VitC group compared to saline (Figure 7F, P
< 0.05). On similar lines, thromboxane B2 (TXB2) (the
stable metabolite of TXA2) and prostaglandin E2 (PGEz),
products of AA metabolism via the cyclooxygenases
pathway were not significantly different between the Lo
VitC and saline group. However, Hi VitC supplementation
was associated with significantly higher TXB: levels on
days 5 and 8 (Figure 7G, P < 0.05); and significantly
higher PGE: levels on days 2 and 8 compared to saline
(Figure 7H, P < 0.05).

DISCUSSION

VitC is one of the most enduring and popular alternative
medical treatments sought after. Beyond its oral use
to treat scurvy, parenteral VitC has been used by CAM
practitioners for more than 6 decades®**!. The most
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Figure 4 High vitamin C exposure impacts platelet function on day 8. No significant differences were observed between saline, Lo VitC and Hi VitC throughout
the standard 5-d storage period in any of the TEG parameters analyzed (n = 10/group). On day-8, R- (A) and K- (B) times were extended in the Hi VitC group
compared to saline (n = 10, *P < 0.05). Similar changes were observed for the a-angle (C) on day-8 (n = 10, °P < 0.05). The Hi VitC group was also associated with a
significantly lower MA (D) on day-8 compared to the saline group (n = 10, *P < 0.05). VitC: Vitamin C; TEG: Thromboelastography.

controversial use of high dose VitC as a cancer treatment
was promoted by the Nobel Laureate, Cameron et al***").
Recently published evidence has demonstrated that
intravenous, but not oral administration of VitC produces
pharmacologic plasma concentrations of VitC*?. This has
elucidated possible mechanisms of action of intravenous
VitC and for the first time made therapeutic effects,
biologically plausible™. In the past few years this thera-
peutic option has been implemented most often as
adjunct therapy in diverse conditions such as sepsis,
infections, autoimmune diseases and cancers™™ ', The
basis for use of high dose intravenous VitC has been
established in pre-clinical studies in which VitC modulated
coagulopathies in disease states. For example, Swarbeck
et al®* showed that VitC attenuates plasminogen
activator inhibitor-1 expression and release in an in vitro
model of sepsis. On similar lines Secor et af*> showed
that VitC reduces mouse platelet aggregation and surface
P-selectin expression in an ex vivo model of sepsis.
However, to date, no studies have directly examined the
effect of high doses of VitC on human PLT function. To
address this, we asked the question whether exposure to
high doses of VitC, as would normally be observed with
high dose intravenous VitC therapy, have any effect on
PLT function.

In our study we found that PLTs exposed to VitC
rapidly accumulated millimolar quantities of VitC as early
as day 2 and maintained these levels throughout the study
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period (Figure 1). Savini et af® showed that human PLTs
possess the VitC transporter SVCT2, which enable PLTs
to increase intracellular levels of VitC. Importantly, while
PLTs typically have approximately 4 mmol/L intracellular
VitC in normal plasma, exposure to 3 mmol/L VitC
increased intracellular VitC levels to > 15 mmol/L. This
is significant, especially in cardiovascular pathologies
since PLT activation and aggregation are modulated by
reactive oxygen species®®. VitC can alter the oxidative
state of PLTs and inhibit the expression of CD40L, a
transmembrane protein with pro-inflammatory and pro-
thrombotic propertiest*?, Indeed, oral administration of
VitC has been reported to reduce arterial stiffness and
platelet aggregation®”’.

VitC did not alter the pH of the PC throughout the
standard 5 day storage period when compared to saline
controls (Figure 2). Unlike the saline treated PLTs whose
pH stayed in the neutral range on day 8, there was a
significant drop in pH in the VitC treated PLTs. However,
it is unlikely that these pH changes would significantly
alter blood pH due to presence of the carbonic acid-
bicarbonate buffer, the phosphate buffer system, which
consists of phosphoric acid (HsPO4) in equilibrium with
dihydrogen phosphate ion (H2PO4) and H" and hemo-
globin that play an important role in regulating the pH of
the blood.

Our results show that the changes in PT, PTT and
fibrinogen were comparable across the three groups
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Figure 5 Vitamin C exposure did not affect agonist-stimulated aggregation or adenosine triphosphate secretion by platelets. Using adj. PRP aliquots,
addition of Lo/Hi VitC did not alter Collagen-induced PLTs aggregation (A) and ATP secretion (C) as well as ADP-induced PLTs aggregation (B) and ATP secretion
(D) when compared to saline controls (n = 10/group). VitC: Vitamin C; PLTs: Platelets; ADP: Adenosine diphosphate; PRP: Platelet rich plasma; ATP: Adenosine

triphosphate.

throughout the study period and that exposure to high
doses of VitC did not adversely impact these parameters
(Figure 3). Only a few studies have employed TEG to
evaluate functionality of human PLTs in the PC's®%!,
However, unlike previous studies that adjusted PRP
counts using freshly thawed PPP, we used same sample
PPP to make adjustments. While TEG parameters
across the three groups were comparable, some critical
differences were observed on day 8 in the Hi VitC treated
PLTs (Figure 4). The Hi VitC treated group showed a
prolonged R-time, and a reduced MA as compared to the
saline controls. Also, the Hi VitC groups had significantly
delayed kinetics which was evidenced by prolonged
K-times and reduced a-angle. It is unclear at this time
why these changes occurred and future mechanistic
approaches are needed to explain this finding. However,
the corollary from these studies is that this inhibitory
effect of VitC may have deleterious clinical implications if
high dose VitC therapy is instituted for 8 d or more, or if
plasma VitC levels are maintained at 3 mmol/L or higher
for long periods of time.

Platelet aggregation studies show that Lo/Hi VitC
addition did not alter the baseline or collagen and ADP-
induced platelet aggregations (Figure 5A and B) and
collagen and ADP-induced ATP secretion throughout the
study (Figure 5C and D). Flow cytometry showed that
VitC supplementation had no effect on basal CD62p
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and CD63 expression during storage (Figure 6A and
D). Following ADP (Figure 6B) or thrombin (Figure 6C)
stimulation, the CD62 expression showed a steady
decrease that was not significantly different across the
three groups (except for Hi VitC). Lo/Hi VitC induced
changes in CD63 expression with ADP or thrombin
(Figure 6E and F) were not significant over 8 d. These
results imply that exposure of normal PLTs to high con-
centrations of VitC has virtually no impact on agonist
induced platelet aggregation under these conditions.
Although we did not observe differences in the levels
of free AA, EPA and DHA in the plasma of stored PCs,
exposure to Hi VitC was associated with a significant
increase in the levels of PGE2, TXBz, 11-, 12- and
15-HETE (Figure 7). Some of these free fatty acids
(FFAs) have roles in host defense against potential patho-
genic or opportunistic microorganisms. Indeed, there
is extensive literature demonstrating the antibacterial
effects of various free fatty acids from a wide range
of biological sources including plants, animals and
algae™. Whilst their antibacterial mode of action is still
poorly understood, studies have shown that their prime
target is the cell membrane where FFAs disrupt the
electron transport chain and oxidative phosphorylation.
Besides interfering with cellular energy production, FFA
also inhibit enzyme activity, impair nutrient uptake,
and participate in the generation of peroxidation and
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Figure 6 Vitamin C exposure did not significantly alter basal or agonist-stimulated CD62 or CD63 expression profiles. Flow cytometry showed that basal
expression of both CD62 (A) and CD63 (D) did not differ with the addition of Lo/Hi VitC. ADP-stimulated CD62 (B) expression was lower on day 8 in the Hi VitC group
(n = 10/group, *P < 0.05), but CD63 (E) expression was not. Thrombin-stimulated CD62 (C) and CD63 (F) expression also did not differ across the three groups (n =

10/group). VitC: Vitamin C; ADP: Adenosine diphosphate.

auto-oxidation degradation products or direct lysis of
bacterial cells. While intravenous VitC has been shown
to reduce bacterial burden and improve survival in pre-
clinical models of sepsist****! it remains to be determined
whether the mechanism involves the induction of these
FFAs.

As discussed above, both TXB:2 and PGE: levels were
significantly higher in PLTs exposed to Hi VitC (Figure 7).
Along with possible bacteriostatic effects, there are other
potentially beneficial effects associated with induction
of these metabolites. For example, a recent study by
Bruegel et al*® demonstrated that reduced release of
11-HETE, PGE2 and TXB: was associated with increased
disease severity and poor prognosis in septic patients.
PGE: plays a dual role balancing PLTs response by stimu-
lation or suppression; and is more generally involved
in fine tuning the pro-/anti-inflammatory response'*’.
While TXAz production is associated with PLTs activation,
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recent data have supported a protective role of TXA:2
via its inhibitory regulation of iNOS in the vasculature.
In this regard, TXAz was found to overcome vascular
hypo-responsiveness and help maintaining the vascular
tone*®, The increased production of 12- and 15-HETEs
observed in Hi VitC treated bags may also be a protective
mechanism against the significantly increased TXA2**,
In sum, exposure of PLTs to high doses of VitC alters
endogenous production of lipid mediators by PLTs. These
mediators could have unappreciated, yet far reaching
impacts on not just PLTs function but on the entire
circulatory system.

We recognize that our studies had a few limitations.
PLTs in storage bags are not in their normal physiologic
environment. They do not interact with endothelial
cells or other cell types in these storage bags; they are
highly concentrated; and also have access only to a
finite amount of nutrients™, Accumulation of products
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Figure 7 Hi vitamin C, but not Lo vitamin C exposure, was associated with significant changes in the eicosanoid profile over time. Addition of Lo/Hi VitC did
not affect the levels of the PUFA: AA (A), EPA (B) and DHA (C) in comparison to saline controls (n = 10/group). Addition of Hi VitC was associated with significantly
higher levels of 11-HETE (D) on days 5 and 8 (n = 10/group, °P < 0.05); 12-HETE (E) on days 2, 5 and 8 (n = 10/group, °P < 0.05); and 15-HETE (F) on day 8 (n = 10/
group, °P < 0.05). TXB2 (G) was also significantly higher in the Hi VitC group on days 5 and 8 (n = 10/group, °P < 0.05). In addition, PGE: levels (H) were significantly
higher on days 2 and 8 in the Hi VitC group (n = 10/group, °P < 0.05). VitC: Vitamin C; PUFA: Polyunsaturated fatty acids; AA: Arachidonic acid; EPA: Eicosapentanoic

acid; DHA: Docosahexanoic acid; TXBz: Thromboxane B2; PGEz: Prostaglandin E2.

of metabolism in the storage bags and other factors
associated with platelets storage beyond 5 d could
impact the system buffering capacity leading to the drop
in pH observed in our study. This change in pH combined
with the closed nature of the ex vivo system could also
account for the observed effects. A second limitation is
that in vitro testing of stored PLTs has limitations. While
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some PLTs functions are lost during storage, others may
be recovered in vivo following transfusion. As suggested
by Cardigan et al*", changes observed in stored PLTs
might not necessarily abrogate in vivo hemostatic
activities. Whether storage of PCs in VitC truly affects
hemostatic activities under in vivo conditions remains to
be determined as a future endeavor.
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COMMENTS

Background

Vitamin C (VitC) is a key modulator of platelet (PLT) function. Platelets store
high intracellular concentrations of VitC, which then modify its oxidative
state and play a role in its ability to aggregate. High dose intravenous VitC
is increasingly being used both by Complementary and Alternate Medicine
practitioners and by licensed medical practitioners as adjunct therapy for wide
ranging diseases including sepsis, sepsis induced acute lung injury, multiple
cancers, iron deficiency in hemodialysis patients and burns. However, there
is no information on the impact of high dose VitC on normal PLT function. To
address this need, the authors examined the effect of exposing ex vivo human
PLTs to high doses of VitC.

Research frontiers

Itis well known that VitC is required for normal platelet function. While pre-clinical
studies have examined changes in PLT function in disease and the impact of VitC
on these functions, no studies have examined PLT function in the presence of
such high doses of VitC.

Innovations and breakthroughs

This is the first study to evaluate ex vivo PLT function in the presence of high
concentrations of VitC. The innovative approach to use PLT storage bags
afforded a reproducible system that allowed for gauging the temporal effects of
high doses of VitC on PLT function.

Applications

This study advises moderate levels of caution regarding the extended use of
high doses of intravenous VitC. While these high doses have no deleterious
impact on PLT function in the short term (up to 5 d), there appear to be un-
anticipated effects on PLT function as assessed by thromboelastography (TEG)
after 8 d of continuous exposure.

Terminology

TEG, is a hemostatic assay that measures the viscoelastic properties (physical)
of whole blood clot formation under low shear stress. It shows the interaction of
platelets with the coagulation cascade (aggregation, clot strengthening, fibrin
cross linking and fibrinolysis).

Peer-review
This is an interesting paper and is worth to be considered for publication.
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Abstract

AIM
To identify the risk factors for mortality in intensive care
patients with postoperative peritonitis (POP).

METHODS

This was a retrospective analysis using a prospective
database that includes all patients hospitalized in a surgical
intensive care unit for POP from September 2006 to
August 2011. The data collected included demographics,
comorbidities, postoperative severity parameters, bac-
teriological findings, adequacy of antimicrobial therapy and
surgical treatments. Adequate source control was defined
based on a midline laparotomy, infection source control
and intraoperative peritoneal lavage. The number of
reoperations needed was also recorded.

RESULTS

A total of 201 patients were included. The overall
mortality rate was 31%. Three independent risk factors
for mortality were identified: The Simplified Acute Phy-
siological I Score (OR = 1.03; 95%CI: 1.02-1.05, P
< 0.001), postoperative medical complications (OR =
6.02; 95%CI: 1.95-18.55, P < 0.001) and the number of
reoperations (OR = 2.45; 95%CI: 1.16-5.17, P = 0.015).
Surgery was considered as optimal in 69% of the cases,
but without any significant effect on mortality.

CONCLUSION
The results from the large cohort in this study emphasize
the role of the initial postoperative severity parameters in
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the prognosis of POP. No predefined criteria for optimal
surgery were significantly associated with increased
mortality, although the number of reoperations appeared
as an independent risk factor of mortality.

Key words: Mortality; Postoperative peritonitis; Risk
factors; Surgery

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This retrospective study performed from
a prospective data base analysed the risk factor for
mortality in 201 patients admitted for postoperative
peritonitis (POP) in a surgical intensive care unit. Three
independent risk factors for mortality were identified: The
Simplified Acute Physiological II Score, postoperative
medical complications and the number of reoperations.
This study emphasizes the role of the initial postopera-
tive severity parameters in the prognosis of POP. No
predefined criteria for optimal surgery were significantly
associated with increased mortality, although the number
of reoperations appeared as an independent risk factor
of mortality.

Launey Y, Duteurtre B, Larmet R, Nesseler N, Tawa A, Mallédant
Y, Seguin P. Risk factors for mortality in postoperative peritonitis
in critically ill patients. World J Crit Care Med 2017; 6(1): 48-55
Available from: URL: http://www.wjgnet.com/2220-3141/full/
v6/i1/48.htm DOI: http://dx.doi.org/10.5492/wjccm.v6.i1.48

INTRODUCTION

Postoperative peritonitis (POP), defined as peritonitis
occurring after a planned or urgent abdominal surgery,
is an infrequent (occurring in approximately equal to
the 2%-3% of laparotomies)™?, but serious event,
with a mortality rate ranging from 30% to 35%"™. The
principles of POP management are based on an early
diagnosis, optimized surgical source control, adequate
antimicrobial therapy and the control of organ failure(s),
if necessary™”’. Despite clinical, biological and radiological
tools, the diagnosis of POP in the postoperative period
remains challenging and the surgical source control is
not always easy to perform in recently operated abdo-
mens®®, Moreover, multi-drug resistant (MDR) bacteria
are frequently isolated in cases of POP, potentially leading
to an inadequate antimicrobial therapy and a worsening
prognosis™?.. Finally, peritonitis is shown to be a frequent
condition related to death due to multiple organ failure.
In this context, reoperation and postoperative immune
depression may favour sepsis and the development of
organ failure™ ™,

All of these factors may explain the high mortality
observed in association with POP and illustrate the need
to evaluate POP separately from other types of intra-
abdominal infections. Nevertheless, few studies have
evaluated the risk factors for mortality in POP, especially
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in critically ill Patients[8r15:16l_

We hypothesized that POP may have specific chare-
cteristics and risk factors for mortality that could help
physician in the care of the patients with POP. Accordingly,
we performed an analysis using a prospective database
to determine the risk factors for mortality associated with
POP in patients who required intensive care.

MATERIALS AND METHODS

We performed a retrospective analysis from a pro-
spective database that aimed to include all patients with
POP. This database was completed from September
2006 to August 2011 in a surgical critical care unit of a
university hospital (Rennes - France). All patients older
than 18 years of age who were admitted for POP were
included. POP was defined as a peritoneal infection
developing after intra-abdominal surgery. Only the first
episode of POP was taken into account. Patients who had
focal abscess(es) drained under computed tomography
(CT)-scan guidance and/or who had more than one
previous episode of POP before intensive care unit (ICU)
admission were excluded. Infections were confirmed
macroscopically and/or based on the identification of one
or several pathogens in peritoneal sample. Patients were
followed up from the first day of hospitalization until their
discharge from the hospital or death if it occurred during
hospitalization. This study was reviewed and approved by
the ethics committee of Rennes University hospital which
waived informed consent according to the retrospective
design (Avis n° 16-129).

The following data were prospectively collected in the
first 24 h: Age, sex, origin of patient (Rennes University
hospital or another hospital), hospitalization over the
previous 3-mo, antibiotic therapy in the 3 mo previous
to the current hospital admission, immunocompromised
status (defined based on systemic treatments with
corticosteroids or other immunosuppressive drugs, che-
motherapy or radiotherapy in the 3 mo previous to the
admission), co-morbidities (assessed based on MacCabe
score and the following severity scores: Simplified Acute
Physiological Score II (SAPS 1II), Acute Physiology and
Chronic Health Evaluation II (APACHE II ) and Sequential
Organ Failure Assessment (SOFA)™"*), The status (urgent
or non-urgent) of the first intra-abdominal surgery was
also recorded.

Surgery assessment included the cause of POP and
the delay between the first surgery and the reoperation.
An optimal surgical treatment was qualified as adequate
when the 3 following criteria were met: (1) middle la-
parotomy; (2) ileostomy or colostomy in cases of injury/
perforation below the transverse mesocolon injury or
drainage above the transverse mesocolon injury; and (3)
careful peritoneal washing of the entire peritoneal cavity
with at least 6 L of warm physiological serum and until
obtaining a macroscopically clean cavity. Coelioscopy
and/or a primary anastomosis were considered as in-
adequate because their roles in the current recommen-
dations are not well-established®”). The number of
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reoperations and the surgical complications, including
abdominal wall abscesses, intra-abdominal abscesses,
CT-guided drainage of abdominal abscesses and the
need for subsequent reoperation, were also reported.
Moreover, in our unit, relaparotomies were not planned
and were only performed on-demand.

If required, antibiotic prophylaxis for the first surgery
was prescribed according to the recommendations
of the French Society of Anesthesia and Critical Care
(Recommandations pour la pratique de I'antibioprophy-
laxie en chirurgie. Actualisation 1999. www.sfar.org).
Antimicrobial therapies applied between the first surgery
and reoperations beginning at least 24 h before the
reoperation and lasting more than 24 h were noted.
Empirical antimicrobial treatment for the first episode of
POP was administered according to the local protocol and
included cefotaxime and metronidazole for early POP (<
5 d from the initial surgery) and ticarcillin-clavulanate and
amikacin for late POP (= 5 d from the initial surgery).
Because of the low frequency of methicillin resistant
Staphylococcus aureus and Enterococcus faecium, the use
of vancomycin was not considered. Effects of antimicrobial
therapy on Enterococcus species for ongoing POP and
the rates of escalation or de-escalation of antimicrobial
therapy were reported. Empirical antimicrobial therapies
were re-evaluated based on microbiological data and the
susceptibility of the isolated microorganisms. Treatments
against fungi were only administered in cases of positive,
direct examinations of the peritoneal liquid or positive
cultures and included the use of fluconazole or an
echinocandin. Bacteremia was recorded and defined
based on at least one positive blood culture (2 positive
samples in cases of coagulase-negative Staphylococcus)
and were linked to the intra-abdominal infection if the
same microorganisms were recovered in each sample.
The duration of antimicrobial therapy ranged from 7 to
10d.

The isolated microorganisms and the presence of
multidrug resistance strains were reported. For each
bacterium, the antibiotic sensitivity was determined using
the disk-diffusion method. Bacteria were matched into 3
categories: Sensitive, intermediate and resistant. MDR
bacteria were defined as follows: Methicillin-resistant
Staphylococcus aureus; Enterococcus spp. resistant to
vancomycin and to high concentrations of gentamycin;
Enterobacteriaceae producing extended-spectrum beta-
lactamase or overexpressing third-generation cephalo-
sporinase; Pseudomonas aeruginosa resistant to ticarcillin,
ceftazidime, carbapenem or ciprofloxacin; Acinetobacter
spp. resistant to carbapenem and/or ticarcillin and/or
aminoglycosides®™.

Medical complications included septic shock, acute re-
spiratory distress syndrome (ARDS), and acute renal failure.
Septic shock was defined based on the Bone criteria®® and
ARDS according to international recommendations®*!.
Acute renal failure was defined based on a serum crea-
tinine level and uraemia and/or a urine output and/or
a need for dialysis’®®. In cases of chronic renal failure,
acute renal failure was defined as an increase of serum
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creatinine or uraemia and/or urine output and/or the
need for dialysis®. Lengths of ICU and hospital stays
and mortality rates were reported.

Statistical analysis

All statistical analysis were performed with SAS software
version 9.2 (SAS Institute, Cary, NC, United States).
Mean values and standard deviations were used to
describe quantitative data, and a t-test or Wilcoxon
test were used as needed. Numbers, ranges, and per-
centages were used to describe qualitative data, and a »°
test or Fisher's test was used as needed. The multivariate
analysis was designed by selecting variables with a
P-value < 0.20 in the univariate analysis to build a logistic
regression model. The results are expressed with ORs
and 95% confidence intervals (95%CI). Results were
considered significant at a P-value < 0.05.

RESULTS

A total of 201 patients were included in this study. The
overall mortality rate was 31% (63/201). The patients’
baseline characteristics, severity scores and the deter-
minants of the initial surgery are detailed in Table 1. In
a univariate analysis, age, comorbidity evaluated based
on McCabe scores and severity at admission in ICU
(based on SOFA, APACHE II and SAPS II scores) were
significantly associated with mortality.

The causes of POP were anastomosis leakage (40%),
necrosis/ischaemia (20%), traumatic perforation (12%)
and miscellaneous (28%) and were not different between
the non-survivors and survivors. Surgical procedures were
deemed optimal in 69% of the cases (140/201) and the
rate did not differ between non-survivors and survivors
[71% (45/63) vs 69% (95/138); P = 0.743]. Details of
surgical source control and the number reoperations are
provided in Table 2. No significant influence of surgical
parameters on the prognoses was found between non-
survivors and survivors (Table 2).

Antimicrobial treatment prior to POP (prophylaxis
and/or therapy) and changes during the postoperative
period (escalation or de-escalation) are provided in Table
3. The microorganisms isolated from the peritoneal fluid
(Table 4) and the mean number of microorganisms
isolated per patient did not differ between non-survivors
and survivors (Table 4). A total of 440 microorganisms
were identified in 196 patients [non-survivors, n =
139 (61 patients, 2 had no growth) and survivors, n
= 301 (135 patients, 3 had no growth)]. A total of 46
patients had at least one MDR bacteria recovered from
their peritoneal fluid [non-survivors = 28% (17/61) and
survivors = 21% (29/135), P = 0.378]. Bacteremia did
not differ between the 2 groups [non-survivors = 33%
(21/63) and survivors = 26% (36/138); P = 0.268].

The occurrence of medical complications was identified
as a potential risk factor for mortality in the univariate
analysis, and the length of hospital stay was significantly
shorter for non-survivors (Table 3).

In the multivariate analysis, three independent risk
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Table 1 Baseline characteristics, severity scores and initial surgery 7 (%)

All patients (7 = 201) Non-survivors (7 = é3) Survivors (7 = 138) P

Age (yr) 63+15 69+12 61+16 <0.001
Sex, male 133 (66) 46 (73) 87 (63) 0.199
Origin of patients

Rennes University Hospital 132 (66) 44 (70) 88 (64) 0.4

Other hospitals 69 (34) 19 (30) 50 (36)

Hospitalization in the previous 3 mo, yes 78 (39) 24 (38) 54 (39) 1

Immunosuppression, yes 33 (16) 9 (14) 24 (17) 0.581

Antimicrobial therapy in the past 3 mo, yes 54 (26) 16 (25) 38 (28) 0.751
MacCabe score

Class A 57 (28) 11 (18) 46 (34) 0.036

Class B 107 (53) 36 (57) 71 (51)

Class C 37 (19) 16 (25) 21 (15)
SAPS I 48+19 60+ 25 43+14 <0.001
APACHE 1I 20£8 24+11 18+6 <0.001
SOFA 7+4 8+5 6+4 <0.001
Urgent initial surgery 69 (34) 22 47 0.905
Site of the initial surgery

Colorectal 82 (41) 25 (40) 57 (41) 0.363

Liver - biliary - pancreas 48 (24) 15 (24) 33 (24)

Oesophagus - gastro-duodenal - small bowel 60 (30) 22 (35) 38 (28)

Others 11 (5) 1(1) 10 (7)

Data are expressed as the mean + SD or as the number of patients (percentages). SAPS II: Simplified acute physiological score II; APACHE II: Acute
physiology and chronic health evaluation II; SOFA: Sequential organ failure assessment.

Table 2 Surgical considerations 7 (%)

Total (m = 201) Non-survivors (7 = 63) Survivors (7 = 138) P

Delay between first operation and surgical reintervention (d) 99+75 104 +£9.6 99+6.2 0.718
Complete surgical source control 140 (69) 45 (71) 95 (69) 0.743
Large way of laparotomy 181 (90) 56 (89) 125 (91) 0.71
Per-operative management of lesions' 184 (92) 57 (89) 127 (92) 0.713
Peritoneal washing (at least 6 L) and clear peritoneal cavity 175 (87) 55 (89) 120 (87) 0.946
Reoperation after the first episode of postoperative peritonitis (number) 59 (29) 23 (37) 36 (29) 0.132
No. of reoperations after the first episode of postoperative peritonitis 1.3+0.6 14+0.7 1.2+05 0.121
Surgical complications

Parietal abscess 23 (11) 11 (17) 12 (10) 0.095

Intra-abdominal abscess 36 (18) 11 (17) 25 (20) 0.875

Computed tomography-scan guided drainage 30 (15) 7 (11) 23 (19) 0.287

'The per-operative management of lesions was defined as the realization of ileostomy or colostomy in cases of injured/perforated infra-mesocolic bowel
injury or drainage in cases of supra-mesocolic bowel injury. Data are expressed as the mean + SD or as the number of patients (percentages).

factors for mortality were identified: SAPS 1I score, the patients requiring high levels of care™*'**!, Mulier et af*
occurrence of medical complications and the number of reported a mortality of 30% in 96 POP patients and found
subsequent reoperations (Table 5). that the inability to control the septic source or to clear
the abdominal cavity, older age and unconsciousness
were independent risk factors for mortality. In this
DISCUSSION retrospective study, which was not specifically focused on
Using a large cohort of ICU patients, we explored the ICU patients, disease severity, measured based on the
risk factors for mortality associated with POP and found APACHE II score and its acute physiological component,
that SAPS II score, medical complications and the did not appear as an independent risk factor and was
number of reoperations were independent risk factors only significant when age and unconsciousness were
for hospital mortality. also included in the multivariate model™. In another

Few studies have assessed risk factors for mortality retrospective study performed in 56 POP patients, Torer
in patients with POP, and most of the studies that have et al"® found a 32% mortality rate and that sex (female),
examined this topic included patients hospitalized both malignancy, organ failure, a lack of source control and

in ICUs and surgical wards or included a mix of com- the time period between symptom onset and the 2™
munity and nosocomial peritonitis (including post- and/or operation were independent risk factors for mortality.
non-postoperative) and did not focused on POP in ICU- Nevertheless, the small cohort of patients in this study
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Table 3 Antimicrobial therapies and medical complications 7 (%)

Total (m = 201) Non-survivors (7 = 63) Survivors (7 = 138) P

Antibiotic prophylaxis for the first surgery 165 (82) 53 (84) 112 (81) 0.38
Antimicrobial treatment prior to the first reintervention 132 (66) 40 (63) 93 (67) 0.564
Empirical antibiotic therapy for POP effective against Enterococcus spp. 104 (52) 35 (56) 69 (50) 0.466
Change in empirical antimicrobial POP treatment 130 (65) 33 (52) 97 (70) 0.005

Escalation 60 (46) 20 (32) 40 (29)

De-escalation 70 (54) 13 (21) 57 (41)
Medical complications 0.001

Septic shock 125 (62) 58 (92) 67 (49)

Acute renal failure 79 (39) 39 (62) 40 (29)

ARDS 54 (27) 28 (44) 26 (19)
Lengths of stay, d

ICU 17 £17 17+18 17 £17 0.2

Hospital 48 +44 31+27 57 +48 <0.001

Data are expressed as the mean * SD or as the number of patients (percentages). POP: Postoperative peritonitis; ARDS: Acute respiratory distress

syndrome; ICU: Intensive care unit.

Table 4 Microorganisms recovered from the peritoneal liquid and number per patients in which they were found

Total' (7 = 440) Non-survivors' (7 = 63) Survivors' (7 = 138) P
Gram-negative bacilli 206 62 144 0.959
Escherichia coli 97 26 71 0.213
Enterobacter spp. 32 13 19 0.079
Pseudomonas aeruginosa 24 7 17 0.700
Kiebsiella spp. 15 3 12 0.066
Proteus spp. 9 3 6 1.000
Citrobacter spp. 8 4 4 0.255
Other gram-negative bacilli 21 6 15 1.000
Gram-positive cocci 161 48 113 0.989
Enterococcus spp. 107 35 72 0.429
E. faecalis 70 25 45 0.328
E. faecium 18 2 16 0.053
Other enterococci 19 8 11 0.279
Streptococcus spp. 23 6 17 0.504
Staphylococcus aureus
Methicillin sensitive 7 1 6 0.580
Other gram-positive cocci 24 6 18 0.625
Anaerobes 47 17 30 0.979
Bacteroides spp. 39 13 26 0.889
Clostridium spp. 4 2 2 1.000
Other anaerobes 3 2 1 1.000
Fungi 26 12 14 0.938
Candida albicans 17 7 10 0.715
Other fungi 4 4 0.317
Number of microorganism types recovered per patient 22+12 22+12 22+12 0.998

"Methicillin resistant Staphylococcus aureus was not recovered. Data are expressed as the number of microorganisms (percentage) and the mean + SD until

otherwise.

clearly lacks statistical power, as shown by the wide
confidence intervals, and it did not specifically address
ICU patients™!, More recently, in a retrospective study
including 102 POP patients, a mortality rate of 39.2%
was reported and 4 independent risk factors for mortality
were identified (age = 60, multiple organ failure, in-
adequate antimicrobial treatment and a stercoral aspect
of the peritoneal fluid)®*. In a selected population of 27
obese patients who required re-operation after initial
bariatric surgery and ICU admission, a preoperative BMI
> 50 kg/m? and multiple reoperations were associated
with a poor prognosis and the number of organ failures®.
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Our results generally support the findings of these
previous reports. The mortality rate in the cohort studied
here was 31%, which is similar to the rates reported in
previous related studies, although the patients in the
present study were older than those in previous studies.
Nevertheless, none of our pre-defined factors for surgical
source control were found to significantly impact the
mortality rate, and surgical postoperative complications
did not appear as a risk factor for mortality. However,
the number of reoperations was significantly associated
with mortality and, in some patients, surgical source
control was not effectively achieved. Indeed, the need
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Table 5 Multivariate analysis for the risk factors for mortality

Odds ratio

1.03
6.02
245

95%Cl P

1.02-1.05 < 0.0001
1.95-18.55 < 0.0001
1.16-5.17  0.0154

Simplified acute physiological score I
Medical postoperative complications
Number of subsequent reoperations

to re-operate after the first episode of POP was 29%,
and among these patients, 27% had persistent intra-
abdominal infections. Moreover, surgical reoperation
under septic peritoneal conditions and inflammation,
along with the inherent risk of new bowel injuries, was
sometimes associated with difficulties in closing the
abdominal wall, which may have played a role in worsen-
ing the mortality rate of these patients.

We found a significant influence of the initial severity
scores in predicting mortality. Indeed, the SAPS 1I score
and medical complications were independently associated
with mortality. This confirms the need for the early
identification of patients at risk and who have severe
symptom to avoid delays in reoperations, which favours
the occurrence of organ failure and bacterial growth in
the peritoneal cavity and worsens their prognosis for
survival'™, Our results emphasize that the initial hours
following POP diagnosis are crucial in the prognosis of
POP. Thus, a rapid control of organ failure is required to
achieve a better outcome. POP management is based
on 3 goals: Supportive care of septic shock, early and
adequate antibiotic treatment and the early surgery.
Previous reports have shown that a failure to achieve
these goals increases the mortality rate®*>%,

For initial antimicrobial treatments, we found that
patients who survived had a greater rate of secondary
adaptation to antibiotics, as reflected by treatment de-
escalation. In the cases of antibiotic escalation, the
bacteria recovered were resistant and/or not covered by
the initial antimicrobial treatment, consequently leading
to a potentially higher risk of mortality, although in our
study, this parameter was included in the multivariate
analysis®®%, In cases of de-escalation, we assumed
that the bacteria recovered were completely targeted by
the empirical antimicrobial treatment. In addition, MDR
bacteria were found in 23% of patients, which is a lower
rate than previously reported, but this did not influence the
mortality rate®*. Riché et af*®, in a prospective cohort
of 68 POP patients admitted to a surgical ICU, found that
yeasts recovered in POP patients were associated with an
increased risk of death at day 30 after surgery, whereas
Enterococcus spp. and anaerobes recovered were not.
In our study, no bacterial (notably Enterococcus spp.) or
fungal species were found to impact the mortality rate.
The impact of the Enterococcus spp. recovered from
POP patients on mortality is controversial, and we did
not find a relationship between Enterococcus spp. and
mortality®®®>4, Finally, we did not find that age influenced
mortality, but the population we studied was older than
that of other studies™**>*!, Controversies exist regarding
age as a risk factor for mortality in ICUs, and factors
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other than age itself, such as previous comorbidities and/
or frailty, may have a better prognostic significance®"*.
This issue has been poorly studied in ICU patients with
peritonitis. In 163 patients with secondary peritonitis,
excluding patients with POP, Hynninen et ai** showed
that previous functional status was an independent risk
factor for mortality overall but not in the ICU patients.

Several limitations to the interpretation of our data
are worth noting. First, this is a retrospective and
monocentric study, but data were prospectively collected,
and one third of the patients came from another hospital.
Moreover, the management of POP was standardized
regardless of whether it was for surgical procedures or
postoperative ICU management. Second, we assessed
only 3 surgical criteria (the type of laparotomy, the intra-
operative management of the lesions and the quality of
washing), but many other surgical factors not reported
in our database may affect outcomes, such as the ex-
perience of the surgeon, the duration of the surgery, the
quality of the drainage and the stitching of abdominal
wall. Third, our inclusion criteria were stringent because
we excluded POP that had been operated on using coelio-
scopy because we believe that the coelioscopy does
not have a sufficiently well-defined role in the surgical
management of peritonitis™®’>®. Fourth, biological markers
of inflammation have not been recorded in our database.
It might have allowed a better stratification of the peri-
tonitis severity, but were not recommended in usual
practice in a recent guideline®®.

This study confirms the negative role of the initial
severity criteria and the deleterious role of multiple reo-
perations, which constitute an indirect sign of inadequate
source control, in assessing mortality in patients with
POP. An early and successful first surgery is required to
increase the chances of a definitive and efficient treat-
ment of POP.

COMMENTS

Background

Postoperative peritonitis (POP) is a rare but severe disease, associated with
a challenging diagnosis and a high mortality rate. Multiple organ-failure is a
predominant explanation of this burden. But, in addition to supportive care,
surgery represents the cornerstone of peritonitis treatment. The timing and
adequacy of surgical source control are paramount concerns. Suboptimal
surgery may lead to an overwhelmingly negative effect on outcome. In this
study, the authors focused on a more refined peritonitis patient's population
to better precise the risk factors of mortality especially the impact of surgical
parameters.

Research frontiers

Whereas several data exist on the risk factors of mortality in secondary
peritonitis, large sample specific studies on POP are scarce. Moreover, surgery
has a central role in the management of POP. Identifying more accurately
the role of surgical parameters in POP management could affect the way of
peritonitis treatment.

Innovations and breakthroughs

This paper is the larger sample size study of selected patients with POP, in
which the authors investigated the risk factors of mortality, especially the impact
of surgical parameters but also the medical complications. This study confirms
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the prominent role of medical complications in the poor outcome of POP,
however, it found out no surgical risk factor of mortality.

Applications

These data confirm and recall the prominent negative role of severity
parameters in POP outcome. No surgical factor has been found to impact
negatively the mortality but larger sample size study with more surgical
parameters is needed. Moreover, no patient was treated with laparoscopy but
new investigations could be drawn in this perspective.

Terminology

POP belongs to the usual group of secondary peritonitis. More precisely, it
includes broadly postoperative abdominal abscesses or diffuse peritoneal
infection following abdominal surgery. POP is usually caused by leakage of gut
contents, but also by spreading of residual infection or by the occurrence gut
ischemia. The severity of POP relies on the associated multiple organ failure.

Peer-review
This is a well written paper with a very relevant topic. It is well researched.
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Abstract

AIM

To determine the effects of implementing an enteral
feeding protocol on the nutritional delivery and out-
comes of intensive care patients.

METHODS

An uncontrolled, observational before-and-after study
was performed in a tertiary mixed medical-surgical
intensive care unit (ICU). In 2013, a nurse-driven enteral
feeding protocol was developed and implemented in the
ICU. Nutrition and outcome-related data from patients
who were treated in the study unit from 2011-2012 (the
Before group) and 2014-2015 (the After group) were
obtained from a local electronic database, the national
Population Registry and the hospital’s Infection Control
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Service. Data from adult patients, readmissions ex-
cluded, who were treated for at least 7 d in the study
unit were analysed.

RESULTS

In total, 231 patients were enrolled in the Before and
249 in the After group. The groups were comparable
regarding demographics, patient profile, and severity of
illness. Fewer patients were mechanically ventilated on
admission in the After group (86.7% vs 93.1% in the
Before group, £ = 0.021). The prevalence of hospital-
acquired infections, length of ICU stay and ICU, 30-
and 60-d mortality did not differ between the groups.
Patients in the After group had a lower 90-d (P =
0.026) and 120-d (P = 0.033) mortality. In the After
group, enteral nutrition was prescribed less frequently
(P = 0.039) on day 1 but significantly more frequently
on all days from day 3. Implementation of the feeding
protocol resulted in a higher cumulative amount of en-
terally (P = 0.049) and a lower cumulative amount of
parenterally (P < 0.001) provided calories by day 7, with
an overall reduction in caloric provision (P < 0.001). The
prevalence of gastrointestinal symptoms was comparable
in both groups, as was the frequency of prokinetic use.
Underfeeding (total calories < 80% of caloric needs,
independent of route) was observed in 59.4% of the
study days Before vs 76.9% After (P < 0.001). Inclusion
in the Before group, previous abdominal surgery, intra-
abdominal hypertension and the sum of gastrointestinal
symptoms were found to be independent predictors of
insufficient enteral nutrition.

CONCLUSION

The use of a nurse-driven feeding protocol improves
the delivery of enteral nutrition in ICU patients without
concomitant increases in gastrointestinal symptoms or
intra-abdominal hypertension.

Key words: Gastrointestinal symptoms; Underfeeding;
Nutrition protocol; Feeding protocol; Enteral feeding;
Enteral nutrition; Parenteral nutrition; Critical care

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Following implementation of a nurse-driven
enteral feeding protocol in a mixed medical-surgical
intensive care unit (ICU) with a high baseline under-
feeding rate, caloric intake via the enteral route was
significantly increased during the first week in the ICU
without concomitant increases in the frequency of gas-
trointestinal symptoms, intra-abdominal hypertension or
use of prokinetic medication.
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INTRODUCTION

Enteral feeding (EN) is currently considered the best
option for providing nutrition to critically ill patients. The
use of the enteral route may specifically reduce disease
severity by attenuating the stress response!'! while
avoiding the increased infectious morbidity observed with
the use of parenteral nutrition (PN)**. Starting EN early
after admission to an intensive care unit (ICU) is favoured
over a delayed approach, as it reduces morbidity and
mortality™*. The best dlinical outcomes are achieved when
over 85% of the prescribed caloric intake is provided™.
However, inadequate enteral feeding continues to exist in
ICUs worldwide™; indeed, a previous study™ conducted
in our ICU demonstrated that insufficient enteral feeding
occurred in more than half of the patients.

Guidelines issued by the American Society for Paren-
teral and Enteral Nutrition and the Society of Critical
Care Medicine suggest the use of a feeding protocol
to improve nutritional outcomes™. These protocols
aim to standardize and automate the provision of EN,
enabling bedside nurses to initiate, monitor and alter the
administration of feeds without direct orders from the
attending physician™., Several studies®'? have shown
an increase in nutritional provision with the use of enteral
feeding protocols, but the effect of these protocols on
relevant patient outcomes has been shown in only a few
studies!**,

The aim of this study was to evaluate the effect of
a nurse-driven enteral feeding protocol on the amount
of nutrition provided and on patient outcomes. An ob-
servational before-and-after study was conducted.

MATERIALS AND METHODS

Ethical considerations

The study was approved by the Research Ethics Com-
mittee of the University of Tartu with waived informed
consent (permit no. 258/T-6).

Statistical review statement

The statistical methods of this study were reviewed by
a co-author Liis Starkopf from the Department of Public
Health, Section of Biostatistics, Faculty of Health and
Medical Sciences, University of Copenhagen.

Patient population

The 1% Intensive Care Unit of Tartu University Hospital
is a 10-bed tertiary level mixed medical-surgical ICU
in a regional hospital. Data from patients treated in
this department before and after the implementation
of a nurse-driven feeding protocol were compared.
Included in this study were adult patients (at least 18
years of age) who were treated in the ICU for at least 7
consecutive days. Readmissions were excluded.

Design of the study
An uncontrolled, observational before-and-after study
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Within 6 h of ICU admission:

Ask the physician whether enteral feeding can be started. Specify goal

Reasons to withhold/delay enteral feeding
Severe general condition: Acute abdominal pathology needing
Shock: Regardless of infusion and investigations/interventions
vasopressor/inotropic therapies lactate Integrity of gastrointestinal tract damaged
level rising or persisting > 3 mmol/L (e.g., fistula)

- Other
FIERAEE PR < B TG Expected adequate oral diet within 24 h

End-of-life care
Other (e.g., home parenteral nutrition)

Permission of physician to start enteral feeding? Specify formula (kcal/mL) and
rate (mL/d)

Do not feed. Document the reason.
Ask again in 6-12 h

Nasogastric (NG) or other feeding tube in place?

Check position m

(0],¢

Ask whether you may insert the NG tube

Measure gastric residual volume (GRV)]  Ask whether jejunal tube will be placed

< 500 Yes

Start feeding 20 mL/h for 6 h. Monitor for GI symptoms.

GRV = 500 mL GRV < 200 mL GRV 200-500 mL

= 500

No gastric feeding
Ask physician for
metoclopramide and laxative

Continue feeding. Ask for
metoclopramide and laxative

Increase enteral
feeding by 10 mL/h

GRV < 200 mL Measure GRV in 6 h GRV 200-500 mL

Measure GRV every 12 h. Increase
6 h. Look for GI | feeding by 10 mL/h up to the goal. If GRV | Reduce feeding up to 50%.
symptoms OK, every 24 h. Look for GI symptoms Look for GI symptoms

Gastrointestinal symptoms and intra-abdominal pressure

Measure GRV every Measure GRV every 6 h.

Stop laxatives Stop enteral feeding

Continue feeding

distension, pain, efc.)

Open NG tube. Measure GRV

Document. Ask physician, how to proceed. Re-evaluate in 6 h

Figure 1 Feeding protocol. ICU: Intensive care unit; Gl: Gastrointestinal.

was performed. In 2013, a nurse-driven feeding protocol
was implemented in the study unit. The study period
comprised three phases: Pre-intervention (Before), inter-
vention and post-intervention (After). No dieticians were
involved in any of the study phases.

In 2011 and 2012, an enteral feeding protocol was
not in use. Decisions regarding nutrition were made daily
by the attending physician, while the nursing staff was
responsible for the provision of feedings. Adult patients,
not including readmissions, who were treated for at least
7 d in the ICU in 2011 and 2012 were included in the
Before group.

The enteral feeding protocol was implemented in
2013 (Figure 1). In our study, the year 2013 served as
a learning and adaptation period, and thus patients in
this period were not included in our analysis.

In 2014 and 2015, the use of the enteral feeding
protocol was routine. Eligible patients admitted during
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this period composed the After group.

In the post-intervention phase, physicians were not
required to follow the feeding protocol for nutrition-
related decisions. Adherence to the protocol was not
assessed in the present study.

Data collection

Admission characteristics, nutritional information and
outcome data were extracted from an electronic database
used in the ICU, while data concerning hospital-acquired
infections were provided by the Hospital Infection Control
Service. Mortality data were retrieved from the national
Population Register.

Enteral feeding protocol

The study authors developed the feeding protocol
according to available examples in the scientific literature
in 2012. The ultimate purpose was to support bedside
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nurses with a structural decision tree for independent
decision making in enteral feeding.

Variables

Patient characteristics included age, sex, body mass
index (BMI), diagnostic category, occurrence of abdominal
surgery, Acute Physiology and Chronic Health Evaluation
I (APACHE II)"® and Sequential Organ Failure
Assessment (SOFA)!'”! scores, vasopressor or inotrope
treatment and mechanical ventilation (MV) on admission
to the ICU. The diagnostic category was defined as
surgical or medical according to the diagnoses at ICU
admission. Outcome variables were length of ICU stay
and MV, prevalence of hospital-acquired infections
(ventilator-associated pneumonia, urinary tract infection,
blood stream infection, Clostridium difficile enterocolitis),
ICU mortality and 30-, 60-, 90- and 120-d mortality.
Hospital-acquired infections were defined as a diagnosis
by the Hospital Infection Control Service.

Nutritional support variables included the amount of
calories administered daily via enteral and parenteral
routes during a patient’s ICU stay. Only data from the
first 7 days were included in the analysis. Insufficient
EN was defined as the provision of less than 50% of
caloric needs via the enteral route and was assessed on
day 4 and day 7.

Overfeeding was defined as receiving more than
110% of daily caloric needs via any route, and under-
feeding as less than 80%; these variables were analysed
as the total incidence during 7 d.

Dextrose-based maintenance infusions were included
in the calculations of parenteral calories, whereas the
nutritional value of propofol was not taken into account.

Gastrointestinal (GI) symptoms and management
variables were recorded daily and were defined and
calculated as follows. Absence or presence of bowel
sounds was determined daily by a senior intensive
care physician using auscultation in a non-protocolized
manner. To measure gastric residual volume (GRV),
enteral feeding was stopped, and the nasogastric tube
was held closed for 30 min. The tube was then opened
and remained open for 30 min with a collection bag
mounted to the bed well under the level of the stomach,
allowing for the free flow of gastric content. Evacuated
content was discarded. Initially, after starting EN, GRV
measurements were performed every 6 h. Further
measurements were made every 12 h, if two consecutive
measurements had vyielded less than 200 mL. A large
GRV was defined as a total daily volume greater than
500 mL. Bowel distension was defined when confirmed
radiologically. Vomiting and GI bleeding were defined
as a visible amount of vomit or the presence of a
visible amount of blood in stomach contents or stool,
respectively. Diarrhoea was defined as the occurrence of
liquid stools more than 3 times in a day. Intra-abdominal
pressure (IAP) was recorded daily in select patients who
were considered at risk for intra-abdominal hypertension
(IAH) according to departmental routine. In those
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patients, IAP was measured intermittently every 6 to 12
h (more frequently if the previous IAP was increased - 12
mmHg or higher) with a transvesical pressure measurement
technique in accordance with the dlinical practice guidelines
of the World Society of the Abdominal Compartment
Syndrome!™®, The sum of GI symptoms was defined as
the sum of the daily prevalence (1) or absence (0) of
previously described GI symptoms. Prescription of metoclo-
pramide was defined as a standing order of the drug.

Statistical analysis

Categorical variables are described as the number of
patients and proportions and were compared using y°
or Fisher's exact test. The normality of the distribution
of continuous variables was evaluated by Kolmogorov-
Smirnov test. Continuous variables are described as the
median and inter-quartile range if not stated otherwise.
Comparisons of continuous variables were performed
using an independent samples median test.

Logistic regression analyses were performed to
identify the independent predictors of insufficient EN
by day 4 and day 7. All admission day variables that
positively predicted outcomes in the univariate analysis
with P < 0.2 were entered stepwise into a multiple
logistic regression model. Coupling variables were added
and removed with a stepwise approach to obtain a final
optimal model for predicting insufficient EN. Nagelkerke
R Square test was used to evaluate the power of the
prediction models. The data were analysed using SPSS
software (version 23.0, IBM).

RESULTS

Patient characteristics and outcome data

In total, 665 and 683 patients, respectively, were
admitted to the ICU before and after the implementation
of the feeding protocol. After excluding patients under
18 years of age, readmissions and patients who stayed
less than 7 d in the ICU, the study population consisted
of 231 patients in the Before and 249 patients in the
After group.

The groups did not differ regarding patient age, sex,
BMI, case-mix, APACHE II or SOFA scores nor in the
frequency of vasopressor/inotrope therapy at admission.
Around half of the patients had a surgical profile, and
the majority of them had received abdominal surgery.
The proportion of patients who were mechanically ven-
tilated on admission was significantly smaller in the
After group. No significant changes between the two
groups were found in length of ICU stay, duration of
mechanical ventilation, frequency of hospital-acquired
infections or ICU, 30-d and 60-d mortality. However,
90-d and 120-d mortality were significantly lower in the
After group (Table 1).

Nutritional support
EN was not initiated during the ICU stay of 19 patients.
After implementation of the feeding protocol, significantly
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Table 1 Admission characteristics and outcome data

All Before After P-value (before vs after)
Admission characteristics

n of pt 480 231 249

Male gender, 1 (%) 298 (62.1) 151 (65.4) 147 (59.0) 0.159
Surgical profile, n (%) 256 (53.3) 120 (51.9) 136 (54.6) 0.311
Abdominal surgery, n (%) 141 (29.4) 72 (31.2) 69 (27.7) 0.232
Age, mean (range) 61.7 (18-96) 61.5 (18-96) 62.0 (20-93) 0.684
BMI 27.8 (24.3-31.6) 27.7 (24.5-31.5) 27.8 (24.3-32.0) 0.791
APACHE I, points 16 (11.0-22.0) 16 (11.0-21.0) 16 (12.0-22.0) 0.948
SOFA, points 8 (6.0-10.0) 8 (6.0-10.0) 8 (7.0-10.0) 0.504
Vasopressor/inotrope, n (%) 407 (84.8) 195 (84.4) 212 (85.1) 0.462
Mechanical ventilation, 7 (%) 431 (89.8) 215 (93.1) 216 (86.7) 0.021

Outcomes

ICU stay (d) 13 (9-21) 13 (9-22) 13 (8-21) 0.978
Mechanical ventilation (d) 10 (6-17) 9 (6-18) 10 (6-17) 0.796
Ventilator pneumonia, # (%) 16 (3.3) 7 (3.0) 9 (3.6) 0.461
Urinary tract infection, 1 (%) 31 (6.5) 16 (6.9) 15 (6.0) 0.582
Bloodstream infection, 1 (%) 16 (3.3) 6 (2.6) 10 (4.0) 0.404
Cl difficile colitis, n (%) 14 (2.9) 6 (2.6) 8(3.2) 0.450
ICU mortality 51 (10.6) 28 (12.1) 23 (9.2) 0.190
30-d mortality 121 (25.2) 64 (27.7) 52 (22.9) 0.134
60-d mortality 136 (28.3) 3 (31.6) 63 (25.3) 0.076
90-d mortality 157 (32.7) 86 (37.2) 71 (28.5) 0.026
120-d mortality 164 (34.2) 89 (38.5) 75 (30.1) 0.033

BMI: Body mass index; APACHE II : Acute Physiology and Chronic Health Evaluation II; SOFA: Sequential Organ Failure Assessment; ICU: Intensive care

unit.

Daily enteral Before After P-value
caloric intake Median (IQR), kcal Median (IQR), kcal

Day 1 0 (0-100) 0 (0-0) 0.016
Day 2 0 (0-480) 100 (0-480) 0.409
Day 3 160 (0-700) 370 (0-767) 0.031
Day 4 340 (0-800) 500 (10-960) 0.003
Day 5 400 (0-1000) 580 (176-1100)  0.142
Day 6 500 (53-1000) 695 (240-1138)  0.003
Day 7 500 (108-1000) 720 (200-1155) 0.018

fewer patients received enteral feeding on day 1 (27.7%
Before vs 18.1% After; P = 0.039). On day 2, EN was
administered to approximately half of the patients in
both groups (48.5% Before vs 53% After; P = 0.593).
The median time to EN initiation was similar between
the groups [day 2 (1-5) Before vs day 2 (2-4) After (P
= 0.73)]. After implementation of the feeding protocol,
a larger proportion of patients received EN from day 3
onwards (Figure 2), and the median daily caloric intake
via the enteral route was significantly higher on days 3, 4,
6 and 7 (Table 2).

After implementation of the feeding protocol, the
cumulative amount of enterally provided calories during
patients’ first week in the ICU was significantly higher
(P = 0.049), while the amount of calories provided
from parenteral nutrition was significantly lower (P <
0.001, Table 3). Overall, fewer calories (enteral plus
parenteral) were provided during the first 7 d (P <
0.001) after the feeding protocol was implemented. The
median percentage of calories administered enterally of
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the calculated caloric needs day-by-day is presented in
Figure 3.

The incidence of overfeeding in all analysed days
was 8.4% in the Before and 4.5% in the After group (P
< 0.001), whereas underfeeding occurred on 59.4%
and 76.9% of the days in the Before and After group,
respectively (P < 0.001).

The results of the regression analysis with variables
predicting insufficient EN by day 4 and day 7 are shown
in Table 4. The risk of insufficient EN both on day 4 and
day 7 was increased in patients in the Before group.

Gastrointestinal symptoms and treatment

We found no significant differences between the groups
regarding the daily occurrence of vomiting, radiologically
confirmed bowel distension, GI bleeding or large GRV
(> 500 mL/d). The incidence of diarrhoea was similar
and below 10% in both groups, with the only exception
of day 4, when more cases were observed in the After
group (19/249 vs 6/213, P < 0.05). No difference was
noted in the maximal sum of GI symptoms per day
[median 1 (1-2) in both groups, P = 0.112].

Half of the patients in both groups developed intra-
abdominal hypertension in their first week in the ICU
(51.2% Before vs 55.9% After, P = 0.218). A difference
was observed only on day 5, when 29.5% of the patients
in the After group had IAH compared to 20.5% in the
Before group (P = 0.043).

After implementation of the feeding protocol, the
prescription of metoclopramide did not increase, and on
day 2, it was significantly lower (9.1% Before vs 3.6%
After, P = 0.011).
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Table 3 Seven-day cumulative enteral and parenteral caloric intake

Cumulative caloric intake All Before After P-value
Median (IQR), kcal Median (IQR), kcal Median (IQR), kcal (before vs after)
Cumulative EN calories day 7 2870 (803-5163) 2300 (380-5030) 3210 (1280-5215) 0.049
Cumulative PN calories day 7 3100 (1338-5225) 3977 (1775-6646) 2600 (825-4287) <0.001
Cumulative total calories day 7 6531 (5035-8140) 7030 (5667-8970) 6000 (4715-7498) <0.001

EN: Enteral feeding; PN: Parenteral nutrition.

Table 4 Regression analysis with day of admission variables predicting insufficient enteral feeding by day 4 and day 7

Variables predicting insufficient EN Day 4 Day 7
OR (95%Cl) P-value OR (95%ClI) P-value
Before group 4.02 (1.55-10.40) 0.004 2.09 (1.35-3.22) 0.001
Abdominal surgery 3.97 (1.26-12.46) 0.018 3.09 (1.82-5.27) <0.001
Sum of GI symptoms 6.01 (2.55-14.14) <0.001 2.35 (1.60-3.44) <0.001
IAH 420 (1.32-13.34) 0.015 - -
Nagelkerke R Square 0.349 0.19
EN: Enteral feeding; GI: Gastrointestinal; IAH: Intra-abdominal hypertensio.
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Figure 2 Daily proportion of patients receiving enteral nutrition. EN:
Enteral feeding.

DISCUSSION

This before-and-after study was designed to evaluate the
effects of the implementation of a nurse-driven feeding
protocol on feeding practices and on the outcomes of
long-term adult patients in a mixed ICU. The amount of
enterally given calories was higher after implementing
the feeding protocol, without a concomitant increase
in the use of a prokinetic nor in the prevalence of GI
symptoms or IAH.

Our findings are in accordance with previous before-
and-after studies using nurse-driven rate-based enteral
feeding protocols. Studies by Arabi et a'® and Spain et
al"® have shown an increase in the cumulative enteral
caloric intake on days 7 and 3 in the ICU, respectively,
while a greater proportion of patients receiving enteral
nutrition after implementation of a feeding protocol was
reported by Barr et al®® and Compton et al*'!. More
frequent and earlier achievement of nutritional goals have
been described™*?, as well as a reduction in the use of
parenteral nutrition™?. These were small, mostly single-
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Day in ICU

Figure 3 Percentage of caloric needs provided by enteral feeding
before and after implementation of feeding protocol. The boxes represent
interquartile range (a median value is marked with a line) and error bars 95%ClI.
EN: Enteral feeding.

centre studies and therefore lacked generalizability. A
cluster randomized controlled trial (RCT) by Martin et af*
(the ACCEPT trial) showed that evidence-based nutrition
algorithms focusing on the early provision of enteral feeding
and on frequent re-evaluations increased the number of
days when EN was delivered and reduced both hospital
length of stay and mortality. A large cluster RCT conducted
by Doig et af”! with 1118 patients and 27 enrolled ICUs
showed an earlier start of both enteral and parenteral
feeding and greater nutritional adequacy occurred after
implementing evidence-based guidelines with a versatile
practice change strategy; however, their study failed
to demonstrate effects on patient outcomes. Finally,
improved nutritional adequacy and reductions in infectious
morbidity have been shown in studies by Heyland et af*",
using a volume-based, top-down feeding algorithm, and
by Taylor et ai, using an enhanced EN approach. The
RCTs demonstrating positive effects on nutrition and clinical
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outcomes included a variety of interventions, meaning
the effects of the feeding protocols were inseparable from
those of the whole strategy. In our study, only long-term
patients were included, a third of whom had abdominal
surgery. Patients with complicated abdominal surgery,
requiring a prolonged stay in the ICU, are undoubtedly the
most challenging group of patients in terms of successful
EN. This aspect needs to be taken into account when
interpreting our results, which showed largely insufficient
EN both before and after implementation of the feeding
protocol. During the time the study was conducted, some
changes in the understanding of nutrition in the acute
phase of critical illness emerged, including the concept of
autophagy and non-inferiority or even possible benefits of
underfeeding in the early phase'*!, These changes may
explain why EN was started less frequently on the day of
admission (in most cases not the full 24-h day) in the After
group compared to the Before group.

Interestingly, while the cumulative amount of enteral
calories in the first week in the ICU increased, the
amount of parenterally given calories decreased by a
greater amount. The decreased incidence of overfeeding
(considering total calories) after implementation of the
feeding protocol did not explain the magnitude of the
observed change. Accordingly, implementation of the
enteral feeding protocol resulted in decreased total
caloric intake. There are some possible explanations
for this finding. Shortly before the feeding protocol
was implemented, the results of the EPaNIC trial®®”
were acknowledged and were potentially interpreted
as an argument against early parenteral nutrition. This
might have led to a reduction in PN independent of the
feeding protocol. Additionally, decisions regarding the
initiation of PN continued to be made by physicians
in a non-protocolized way. Therefore, because more
patients received EN in the After group, the physicians
may have been more likely to withhold supplemental
PN in these patients, whereas (full) PN was more likely
to be prescribed in patients who remained without EN
(larger proportion in the Before group). However, these
interactions led to a negative result regarding total caloric
intake. Even if significantly increased amounts of enteral
calories were administered after implementation of the
feeding protocol, they remained far from reaching the
caloric targets. As the end-effect, the more pronounced
reduction in PN resulted in an even larger caloric deficit
in the After group. This is an important finding, indicating
the need to plan complex nutritional interventions including
EN and PN without the risk of increases in enterally provided
calories resulting in an increased total caloric deficit. The
presence of a dietician in the ICU would probably also help
eliminate this problem. Although the optimal timing of
supplemental PN is not known, a cumulative caloric deficit
above 4000 kcal should likely be avoided™ "',

It should, however, be noted that the nutritional value
of propofol was not included in the caloric calculations
in the present study, whereas the awareness regarding
the appropriate amounts of calories provided with
propofol infusions and regarding the negative impact
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of overfeeding™"*? is increasing. It is not clear whether

the propofol dosage influenced physicians’ decisions
about the nutrition prescribed in the study period, and
furthermore, whether this potential effect varied between
the pre- and post-intervention phases.

The prevalence of GI symptoms is high in critically
ill patients™, and any increases in their prevalence due
to more aggressive EN should be avoided. The identified
differences in some of the symptoms on single days
during the first week in the ICU seemed random and
related to the low total number of events. However, the
safety of using standard feeding protocols in certain
patient groups (e.g., those at increased risk for aspiration
or severe bowel distension) was not established in the
current study.

The main strengths of our study are the relatively
constant patient population in the study unit over the
years and the daily documented data on GI symptoms.
However, our study has several limitations. The single-
centre design with a limited number of select (stay >
7 d) patients in a mixed ICU, with a significant proportion
of patients receiving abdominal surgery, decreases the
generalizability of our results. Furthermore, we studied
a relatively long time span and it is possible that other
non-protocolized changes in clinical routines might have
occurred and influenced the outcomes. Some of the docu-
mented GI symptoms occurred very rarely, and therefore
the significance of the difference in their prevalence may
have changed more or less with each case.

We believe that in addition to describing the magni-
tude of the effect of a feeding protocol on the delivery
of EN and patient-related outcomes, our study notes
a possible pitfall regarding the implications of a nurse-
driven feeding protocol without standardizing the use of
supplemental PN.

The use of a nurse-driven feeding protocol is asso-
ciated with an improved delivery of enteral nutrition
without a concomitant increase in the use of prokinetics
nor in the prevalence of GI symptoms or IAH in adult ICU
patients with an ICU stay of at least 7 d. Increased, but
still insufficient, EN may lead to the withholding of PN,
resulting in an even larger total caloric deficit. Therefore,
the use of an enteral nutrition protocol alone without
the presence of a dietician and in absence of a standard
for supplemental parenteral nutrition may not prevent
severe underfeeding.
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Enteral feeding is the method of choice for providing nutrition to critically ill
patients, yet underfeeding continues to be a problem in intensive care units
(ICUs) worldwide. This also holds true to their study unit - a mixed ICU with a
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high proportion of long-staying patients admitted after complicated abdominal
surgery. The use of an enteral feeding protocol has been consistently shown to
improve the delivery of enteral nutrition (EN) in several studies, however, only a
few have reported an effect on relevant patient outcomes.

Research frontiers

Early EN has recently become a hotspot in research of nutritional support for
critically ill. Yet not clearly proven, there is some data suggesting that early EN
improves important patient-centred outcomes of intensive care. Implementation
of a feeding protocol would be the first pragmatic step for any ICU aiming to
facilitate EN. This study confirms that with protocol based approach, enteral
delivery of nutrients can be significantly enhanced without an increase in
gastrointestinal symptoms.

Innovations and breakthroughs

In ICU long-stayers, implementation of the enteral feeding protocol significantly
improved the delivery of EN. Unlike most similar studies, the authors reported
on gastrointestinal symptoms, intra-abdominal hypertension and the use of
prokinetic medications and demonstrated that this improvement in EN did
not increase the frequency of aforementioned problems. Importantly, after
introduction of the feeding protocol, the use of parenteral nutrition decreased
significantly, resulting in a reduction in both parenterally administered and total
calories. Accordingly, the prevalence of underfeeding did not decrease despite
implementation of the enteral feeding protocol.

Applications

This study demonstrated that use of an enteral feeding protocol was safe in
terms of nutrition-related complications. However, in a nutritionally challenging
patient population, it also brought along a reduction in overall caloric intake.
This finding may warrant implementing a strategy of supplemental parenteral
nutrition to help reduce the caloric debt seen in long-staying ICU patients.

Terminology

A nurse-driven enteral feeding protocol refers to an algorithm enabling the
bedside nurse to start, monitor and adjust the delivery of enteral tube feedings
to patients not capable of oral food intake.

Peer-review
This study was well conducted and nicely written. It has enough quality to be
published in this journal.
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Abstract

AIM

To characterize the prescribing patterns for hydro-
cortisone for patients with septic shock and perform an
exploratory analysis in order to identify the variables
associated with better outcomes.

METHODS

This prospective cohort study included 59 patients with
septic shock who received stress-dose hydrocortisone.
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It was performed at 2 critical care units in academic
hospitals from June 1%, 2015, to July 31%, 2016.
Demographic data, comorbidities, medical management
details, adverse effects related to corticosteroids,
and outcomes were collected after the critical care
physician indicated initiation of hydrocortisone. Univariate
comparison between continuous and bolus administration
of hydrocortisone was performed, including multivariate
analysis, as well as Kaplan-Meier analysis to compare the
proportion of shock reversal at 7 d after presentation.
Receiver operating characteristic (ROC) curves determined
the best cut-off criteria for initiation of hydrocortisone
associated with the highest probability of shock reversal.
We addressed the effects of the taper strategy for
discontinuation of hydrocortisone, noting risk of shock
relapse and adverse effects.

RESULTS

All-cause 30-d mortality was 42%. Hydrocortisone was
administered as a continuous infusion in 54.2% of patients;
time to reversal of shock was 49 h longer in patients who
were given a bolus administration [59 h (range, 47.5-90.5)
vs 108 h (range, 63.2-189); £ = 0.001]. The maximal dose
of norepinephrine after initiation of hydrocortisone was
lower in patients on continuous infusion [0.19 pg/kg per
minute (range, 0.11-0.28 ng)] compared with patients
who were given bolus [0.34 ug/kg per minute (range,
0.16-0.49); P = 0.004]. Kaplan-Meier analysis revealed
a higher proportion of shock reversal at 7 d in patients
with continuous infusion compared to those given bolus
(83% vs 63%; P = 0.004). There was a good correlation
between time to initiation of hydrocortisone and time
to reversal of shock (r = 0.80; £ < 0.0001); ROC curve
analysis revealed that the best criteria for prediction of
shock reversal was a time to initiation of hydrocortisone
of < 13 h after administration of norepinephrine, with an
area under the curve of 0.81 (P < 0.001). The maximal
dose of norepinephrine at initiation of hydrocortisone
with the highest association with shock reversal was <
0.28 pg/kg per minute, with an area under the curve
of 0.75 (P = 0.0002). On a logistic regression model,
hydrocortisone taper was not associated with a lower risk
of shock relapse (RR = 1.29; P = 0.17) but was related
to a higher probability of hyperglycemia [odds ratio (OR),
5.3; P = 0.04] and hypokalemia (OR = 10.6; 7 = 0.01).

CONCLUSION

Continuous infusion of hydrocortisone could hasten the
resolution of septic shock compared to bolus admini-
stration. Earlier initiation corresponds with a higher
probability of shock reversal. Tapering strategy is un-
necessary.

Key words: Corticosteroids; Hydrocortisone; Timing;
Administration; Discontinuation; Septic shock

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Until now, the indications, timing, administra-
tion, and discontinuation of hydrocortisone for septic
shock patients have been widely variable. Our study
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found that continuous infusion was the most effective
method compared to bolus administration; we also
identified a time from vasopressor administration of <
13 h and/or a norepinephrine dose of < 0.28 pg/kg
per minute as the best clinical criteria for initiation of
hydrocortisone. We found no benefit from the tapering
strategy, which was only associated with a higher
incidence of hyperglycemia and hypokalemia.

Ibarra-Estrada MA, Chavez-Pefia Q, Reynoso-Estrella CI, Rios-
Zermefio J, Aguilera-Gonzalez PE, Garcia-Soto MA, Aguirre-
Avalos G. Timing, method and discontinuation of hydrocortisone
administration for septic shock patients. World J Crit Care Med
2017; 6(1): 65-73 Available from: URL: http://www.wjgnet.
com/2220-3141/full/v6/i1/65.htm DOI: http://dx.doi.org/10.5492/
wjcem.vo.il.65

INTRODUCTION

Since William Schumer stated in the mid-1970s that early
administration of adjunctive steroids could be helpful
in the management of patients with septic shock™,
investigators have developed experimental animal and
human trials to study the role of corticosteroid therapy;
however, this benefit remains controversial®®, The con-
troversy may exist because the studies have varied
in their design, steroid preparation, dose, strategy of
administration (intermittent bolus or continuous infusion),
length of therapy, time of initiation, and patterns of dis-
continuation™.

Corticosteroids had been shown to be associated with a
faster reversal of shock compared to placebo”®.. For that
reason, the 2012 Surviving Sepsis Campaign Guidelines
recommended administration of hydrocortisone (200
mg/d) if hemodynamic stability is not achievable after
fluid resuscitation and vasopressor therapy®®. Never-
theless, the patterns in clinical practice remain widely
heterogeneous because of differing interpretations of
the definition of poor responsiveness of shock to fluid
and vasopressor therapy, discrepancy between dlinicians’
interpretation of guidelines, discrepancy in clinical practice,
and unfamiliarity with existing evidence!”,

The aim of this observational study was to cha-
racterize the use of hydrocortisone in septic shock
patients in order to identify the most effective method
of administration and withdrawal, and to find the best
clinical criteria for initiation of corticosteroid therapy to
increase the probability of shock reversal.

MATERIALS AND METHODS

Setting

This was a prospective cohort study conducted in
2 medical/surgical intensive care units at tertiary
academic hospitals from June 1%, 2015, through July
31%, 2016. All patients recruited in Instituto Jalisciense
de Cancerologia had oncologic disease; there were no
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oncologic patients recruited at Hospital Civil Fray Antonio
Alcalde. Inclusion criteria for patients were a diagnosis
of septic shock, defined as sepsis induced hypotension
persisting despite adequate fluid resuscitation'®, for
which the attending intensivist determined the need
for adjunct hydrocortisone therapy at a stress dose (no
more than 200 mg/d), regardless of the timing and
method of administration. Shock reversal was considered
when the arterial pressure remained stable (SAP > 90
mmHg or MAP > 70 mmHg without requirement of
new vasopressor infusion) for more than 24 h. Relapse
was defined as recurrence of septic shock, requiring
norepinephrine resumption within first 7-d after reversal.
Patients with a previous diagnosis of adrenal insufficiency,
who received hydrocortisone at a dose more than 200
mg/d, and who died within the first 48 h after intensive
care unit (ICU) admission were excluded. The scientific
and ethics committees at Instituto Jalisciense de Can-
cerologia (INV-01/16) and Hospital Civil Fray Antonio
Alcalde (HCG/CEI-0321/16) approved this investigation.

Data collection

After patients with septic shock were deemed can-
didates for initiation of hydrocortisone, informed consent
was obtained from patient or their next of kin, and data
were prospectively collected. Recorded information
included demographic data, comorbidities, maximal
dose (calculated to ideal body weight) and length of
vasopressor requirement, timing, method of admini-
stration and discontinuation of hydrocortisone, adverse
effects of corticosteroids, ICU length of stay, time to
death, and 30-d mortality. The Acute Physiology and
Chronic Health Evaluation I (APACHE II) score and
the Sequential Organ Failure Assessment score were
calculated within the first day of ICU admission.

Statistical analysis

Continuous variables were reported as the mean [standard
deviation (SD)] if they were normally distributed, or
the median [interquartile range (IQR)] if they were not
normally distributed, according to the Shapiro-Wilk test.
A Mann-Whitney or t-test was used for comparison
between groups as appropriate. We used a two-way
mixed ANOVA test for comparison between pre- and
post- hydrocortisone maximal doses of norepinephrine.
Categorical variables were expressed as the number
of measurements (%) and were compared by 4* test.
We constructed receiver-operating characteristic (ROC)
curves for time to initiation of hydrocortisone and dosage
of norepinephrine at initiation of hydrocortisone to
determine the ability for prediction of shock reversal;
optimal cut-off values were obtained with the greatest
sum of sensitivity and specificity using the Youden index™".
The relationship between time to initiation of hydrocortisone
and total duration of shock was estimated with the
Spearman correlation coefficient test. We performed a
Kaplan-Meier analysis to compare the shock reversal rate
at 7 d between continuous and bolus administration.
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Multivariate logistic regression was performed to iden-
tify factors associated with shock reversal and adverse
effects. Calibration was assessed using the Hosmer-
Lemeshow goodness-of-fit test, considered as adequate if
P > 0.05"%, Based on vasopressor dosages in a previous
study of septic shock patients with our same settings*,
we determined that 26 patients with continuous infusion
and 26 with bolus administration of hydrocortisone
would be needed to detect a difference of 0.10 ug/kg
per minute in norepinephrine maximal dosage from 12
h after initiation of corticosteroid with a 90% statistical
power and type I error of 5%. For all tests, P-values were
two-sided, and a value lower than 0.05 was considered
statistically significant. We used MedCalc (Ver 16.4.3,
Ostend, Belgium) for calculating sample size and for the
statistical analysis.

The statistical methods of this study were reviewed
by Miguel A. Ibarra-Estrada, clinical investigator and
biomedical statistics analysis expert from Critical Care
Unit, Instituto Jalisciense de Cancerologia, Guadalajara
Jalisco 44280, Mexico; Critical Care Unit, Hospital
General Regional #180, Instituto Mexicano del Seguro
Social, Tlajomulco de Zuniga Jalisco 45655, Mexico.

RESULTS

Throughout the study period, 826 patients were ad-
mitted to both ICUs, of which 66 (7.9%) had a diagnosis
of septic shock; 59 patients met the inclusion criteria
because 7 subjects died within the first 48 h (Figure
S1, supplementary material). The median age was 57
years (IQR, 38-65), 26 patients (44.1%) were men, 25
patients (42.4%) were oncologic, and 42 patients (71.2%)
were surgical patients. The most common source of
infection was pneumonia, which presented in 26 patients
(44.1%). The mean APACHE II score was 21.5 (SD +
5.8). Hydrocortisone was administered as a continuous
infusion in 54.2% of patients; the median dose of nore-
pinephrine at initiation of hydrocortisone was 0.3 pg/kg
per minute (IQR, 0.18-0.39), there were no systemic
steroids administered other than hydrocortisone, time
from norepinephrine to initiation of hydrocortisone was 12
h (IQR, 6-27), and length of vasopressor requirement was
83 h (IQR, 49-120). Among survivors, hydrocortisone was
tapered in 23 patients (53.5%). Overall 30-d mortality
was 42.4%.

Method of administration

There were no significant differences in demographic
and baseline clinical characteristics between patients in
the continuous infusion and bolus groups (Table 1). We
found no differences in these characteristics between
recruitment centers (Table S1, supplementary material).
Patients in the bolus group received hydrocortisone 6 h
later than patients with continuous infusion (P = 0.01),
and time to shock reversal was 49 h longer (P = 0.001).
Concerning adverse affects, bolus administration was
significantly associated with higher incidence of new
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Table 1 Univariate analysis of demographic, clinical characteristics and outcomes of the study population according to method of

administration of hydrocortisone

Characteristics Continuous infusion (7 = 32) IV bolus (n = 32) P value
Age, median (IQR) 50 (37-64) 61 (39-70) 0.19
Male gender, 1 (%) 12 (37.5) 14 (51.9) 0.27
Oncologic disease, 1 (%) 15 (46.9) 10 (37) 0.45
Surgical patients, n (%) 25 (78.1) 17 (63) 0.2
Infection source, 1 (%)

Pneumonia 13 (40.6) 13 (48.1) 0.56
Ventilator associated 7 (21.8) 6(222) 0.87
Health care associated 3(9.3) 4 (12.5) 0.66
Community acquired 3(9.3) 3 (11.1) 0.52

Abdomen 14 (43.7) 10 (37) 0.6

Soft tissue 4 (12.5) 1(3.7) 0.23

Urinary tract 1(3.1) 2(7.4) 0.45

Other 0(0) 1(3.7) 0.27

Diabetes, n (%) 8 (25) 4(14.8) 0.33
Acute kidney injury, n (%) 14 (43.7) 17 (63) 0.14
Baseline creatinine, mg/dL, median (IQR) 0.8 (0.7-1.4) 1.1 (0.7-1.5) 0.32
ARDS, 1 (%) 10 (31.2) 11 (40.7) 0.45
APACHE I score (SD) 21+6 21.7+5.6 0.76
SOFA score (SD) 10+2.9 11+£2.7 0.16
Vasopressin use, 1 (%) 12 (37.5) 4 (14.8) 0.5
Maximum NE dose (mcg/kg per minute), median (IQR) 0.25 (0.17-0.36) 0.33 (0.20-0.39) 0.55
Hydrocortisone dose (mg/kg per day), median (IQR) 2.63+0.27 2.75+0.31 0.13
NE to hydrocortisone (h), median (IQR) 8 (4-19.5) 14 (8-31.5) 0.01
Time to shock reversal (h), median (IQR) 59 (47.5-90.5) 108 (63.2-189) 0.001
Shock relapse, 1 (%) 4(18.2) 7 (38.9) 0.14
Hydrocortisone tapered, n (%) 10 (41.7) 13 (68.4) 0.08
Diuretic use, 1 (%) 19 (59.4) 11 (40.7) 0.15
New onset hypernatremia, 1 (%) 17 (53.1) 18 (66.7) 0.29
New onset hypokalemia, 7 (%) 12 (37.5) 18 (66.7) 0.02
New onset hyperglycemia, 1 (%) 19 (59.4) 23 (85.2) 0.03
Superinfection, 1 (%) 3(94) 5(18.5) 0.31
Wound dehiscence, 1 (%) 3(94) 2(7.4) 0.78
UGIB, n (%) 1(3.1) 0(0) 0.35
ICU-AW, n (%) 8 (25) 9(33.3) 0.48
Vasopressor-free days, median (IQR) 3 (2-5) 2 (0-3.7) 0.12
ICU LOS, median (IQR) 8.5 (6-13) 9 (5-13) 0.81
30-d mortality, n (%) 10 (31.2) 15 (55.6) 0.06

APACHE 1I: Acute physiology and chronic health evaluation; ARDS:

Acute respiratory distress syndrome; ICU-AW: Intensive care unit acquired

weakness; ICU LOS: Intensive care unit length of stay; IQR: Interquartile range; NE: Norepinephrine; SOFA: Sequential Organ Failure Assessment; UGIB:

Upper gastrointestinal bleeding.

onset hyperglycemia, with a relative risk (RR) of 2.7
(P = 0.03); hypokalemia was also more common with
bolus administration, with a RR of 1.8 (P = 0.03). There
was a trend to higher mortality in the bolus group, but
this was not statistically significant (RR = 1.5; P = 0.06).

Regarding efficacy, continuous infusion was associated
with a lower norepinephrine maximal dose requirement,
from 12 h after hydrocortisone initiation. At two-way
mixed ANOVA test, the maximal dose of norepinephrine
for patients with continuous infusion after initiation of
hydrocortisone was 0.19 ug/kg per minute, compared
to 0.34 ug/kg per minute for patients on bolus admi-
nistration, with a significant interaction between groups (P
= 0.04; Figure 1). At Kaplan-Meier analysis, continuous
infusion was also significantly associated with a higher
proportion of shock reversal at 7 d after presentation
of shock (83% vs 63%; P = 0.004; Figure 2); this
difference remained significant after adjustment for vaso-
pressin use with Cox proportional hazards regression (P
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= 0.02).

At survival analysis, there was a trend to higher
survival in patients on continuous infusion, with a hazard
ratio for death of 0.47; however, this was not significant
after adjustment for time to initiation of hydrocortisone (P
= 0.06).

Initiation

We found a significant correlation between time to
initiation of hydrocortisone and time to shock reversal,
with a Spearman correlation coefficient of 0.80 (P <
0.001; Figure 3). Moreover, we built a ROC curve for this
variable and obtained the best cut-off at < 13 h, with
a significant area under the curve (AUC) at 0.81 (P <
0.0001), obtaining a sensitivity of 70% and specificity of
88% for prediction of shock reversal (Figure 4). Taking
the dose of norepinephrine as a potential criterion for
prompting initiation of hydrocortisone, ROC curve analysis
revealed the best cut-off at < 0.28 ug/kg per minute,
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Table 2 Univariate and multivariate logistic regression analysis for relevant factors associated with new-onset hyperglycemia

Variable Univariate P value Multivariate P value
NO-H (n = 42) No NO-H (7 = 17) Adjusted OR (95%ClI)

Bolus hydrocortisone, 1 (%) 19 (45.2) 13 (76.5) 0.04 3.2 (0.5-26.5) 0.99

Hydrocortisone taper, 1 (%) 20 (64.5) 3(27.3) 0.03 5.3 (1.8-34.5) 0.04

Diabetes, 11 (%) 11 (26.2) 1(5.9) 0.08 6.2 (0.4-79.0) 0.95

Goodness-of-fit (Hosmer-Lemeshow). * = 0.019, P = 1.00; AUC, 0.88 (0.75-0.96), P = 0.0001. NO-H: New-onset hyperglycemia; OR: Odds ratio.
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Figure 1 Change in maximal norepinephrine dose from 12 h after initiation
of hydrocortisone. Comparison between continuous and bolus administration
groups, with two-way mixed ANOVA test, # = 0.04.
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Figure 2 Kaplan-Meier analysis comparing the rate of septic shock
reversal, according to administration of hydrocortisone. At 7 d (168 h),
83% of continuous infusion patients were vasopressor-free compared to 63% of
patients who were in the bolus administration group, Z = 0.004.

with an AUC of 0.75 (P = 0.0002), a sensitivity of 65%,
and a specificity of 88% for shock reversal.

Discontinuation and adverse effects

As expected for patients with shock reversal, length of
hydrocortisone administration was significantly longer
for patients with the tapering strategy than for patients
with sudden discontinuation [121 h (IQR, 81-245) vs
50 h (IQR, 44-101); P = 0.001]. Taper strategy was
independently associated with a higher risk of hyper-
glycemia (RR = 3.2; P = 0.042), and hypokalemia
(RR = 2.8; P = 0.005). Because bolus administration
was also independently associated with higher risk of
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Figure 3 Correlation between time to initiation of hydrocortisone and total
time to shock reversal. Spearman correlation coefficient 0.80, P < 0.001.
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Figure 4 Receiver operating characteristic curve analysis of time to
initiation of hydrocortisone for prediction of shock reversal. AUC, 0.81, P
< 0.0001. Cut-off obtained with Youden index. AUC: Area under the curve.

hyperglycemia and hypokalemia at univariate analysis,
we performed logistic regression models adjusting for
potential confounding variables; only the taper strategy
maintained statistical significance for higher risk of
hyperglycemia (Table 2) and had the highest OR for
hypokalemia (Table 3).

Hydrocortisone taper was not associated with a lower
risk of shock relapse (RR = 1.29; P = 0.17).

Shock reversal

In order to identify the variables associated with a higher
probability of shock reversal, we performed a logistic
regression model, adjusting for relevant covariables. As
shown in Table 4, only the initiation of hydrocortisone <
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Table 3 Univariate and multivariate logistic regression analysis for relevant factors associated with new-onset hypokalemia

Variable Univariate P value Multivariate P value
NO-HK (# = 30) No NO-HK (7 = 29) Adjusted OR (95%CI)

Bolus hydrocortisone, 1 (%) 12 (40) 20 (69) 0.02 8.5 (1.2-59.9) 0.03

Hydrocortisone taper, 1 (%) 17 (77.3) 6 (30) 0.002 10.6 (1.5-73.3) 0.01

AKI, n (%) 13 (43.3) 18 (62.1) 0.08 0.1 (0.01-0.8) 0.03

Diuretic use, n (%) 20 (66.7) 10 (34.5) 0.01 6.3 (0.95-42.0) 0.05

Goodness-of-fit (Hosmer-Lemeshow). ;{2 =5.52, P =0.59; AUC, 0.88 (0.74-0.95), P = 0.0001. AKI: Acute kidney injury; HK: Hypokalemia; OR: Odds ratio.

Table 4 Univariate and multivariate logistic regression analysis for relevant factors associated with shock reversal

Variable Univariate P value Multivariate P value
Shock reversal No-reversal Adjusted OR (95%CI)
(n = 30) (n = 29)

Age (yr), SD 53+16.3 50+16.3 0.46

Male gender, n (%) 15 (36.6) 11 (61.1) 0.08 1.4 (0.21-10.1) 0.68
Medical disease, 1 (%) 11 (26.8) 6(33.3) 0.61

Oncologic disease, 1 (%) 20 (48.8) 5(27.8) 0.13 1.0 (0.18-6.3) 0.92
AKI, n (%) 17 (41.5) 14 (77.8) 0.01 0.3 (0.05-2.0) 0.23
ARDS, 1 (%) 12 (29.3) 9 (50) 0.12 2.7 (0.4-16.9) 0.27
Superinfection, 7 (%) 5(122) 3 (16.7) 0.68

APACHE I score (SD) 20+54 23+64 0.16 1.1 (0.9-1.3) 0.18
SOFA score (SD) 10+3.0 10+24 0.69

Vasopressin use, 1 (%) 10 (24.4) 6(33.3) 0.48 2.5(0.4-15.4) 0.31
Early hydrocortisone (< 13 h from NE), n (%) 28 (68.3) 2 (11.1) 0.0001 13.8 (1.4-129) 0.02
NE dose at hydrocortisone initiation < 0.28 pug/kg per minute, 1 (%) 28 (68.3) 2 (11.1) 0.0001 32.4 (2.7-382) 0.005

Goodness-of-fit (Hosmer-Lemeshow). ;* = 7.01, P = 0.53; AUC, 0.91 (0.80-0.96), P < 0.0001. AKI: Acute kidney injury: APACHE 1II: Acute physiology and
chronic health evaluation; ARDS: Acute respiratory distress syndrome; NE: Norepinephrine; SOFA: Sequential organ failure assessment.

13 h from vasopressor administration and initiation of
norepinephrine at a dose < 28 ug/kg per minute were
statistically significant.

DISCUSSION

The main finding in our study is that, compared to bolus
strategy, the administration of hydrocortisone by con-
tinuous infusion may lead to a faster reversal of shock
and is associated with a higher proportion of vasopressor-
free patients at 7 d. Furthermore, we identified optimal
cut-off criteria for initiation of hydrocortisone, either based
on the time from initiation of vasopressor, or the current
maximal dose of norepinephrine. This study also suggests
there is no benefit of the tapering strategy because
it does not lower the risk of shock relapse but is only
associated with a higher incidence of adverse effects.

The current Surviving Sepsis Campaign Guidelines™
suggest using continuous infusion, rather than a re-
petitive bolus of hydrocortisone. This recommendation
is only based on the results of an observational study in
which bolus hydrocortisone was associated with increased
blood glucose levels and more variable peak values com-
pared to continuous infusion™, This assumption was
confirmed by univariate analysis in our study, and the
findings strengthen this recommendation’s effectiveness
because the vasopressor requirement was 2 d shorter for
patients on continuous infusion.

Most current studies, including meta-analyses, only
focus on the association between corticosteroids and
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mortality in septic shock patients®*%**2%: therefore,

information related to the hemodynamic effects of both
methods of administration is limited. In a recent Chinese
study of septic shock patients, the continuous infusion
strategy was correlated with a slight improvement in
mean arterial pressure but only at 6 h after corticosteroid
treatment, and the response was not sustained®". To
our knowledge, this is the first study comparing both
methods in which continuous infusion was found to
hasten shock reversal. A possible explanation is the
noted high variability in glucocorticoid sensitivity among
septic shock patients with severe disease, as measured
by suppression of inflammatory cytokine production®?,
Moreover, it has been found that a common genetic
variation in the promoter of NF-KB1 (insertion-deletion
polymorphism - 94ins/delATTG) is, in fact, associated
with nonresponse and a 3-fold increase in risk of death
in patients receiving hydrocortisone'®. As these factors
were not included in our study, the distribution of this
potential bias in our population is unknown.

The primary change in practice reported after the
publication of the Corticosteroid Therapy of Septic Shock
study™ and the updated Surviving Sepsis Campaign
Guidelines was that physicians no longer used the cosyn-
tropin stimulation test to identify which patients would
benefit from corticosteroids’*”. However, since there are
no specific criteria for definition of poorly responsive shock,
a major discrepancy between clinicians’ interpretation
guidelines and dlinical practice is the trigger for initiation of
hydrocortisone. In a recent study™®, the most common
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clinical threshold for prescribing corticosteroids was
the presence of 2 or more vasopressors in 64% of
patients. We believe that there should be a global agree-
ment according to variables associated with the higher
probability of shock reversal. Based on our results at
ROC curve analysis and correlation with time to shock
reversal, we suggest initiation of hydrocortisone at <
13 h after vasopressor administration. This conclusion
agrees with a recent study of severely shocked patients
in which the early administration of hydrocortisone (< 9 h)
was associated with a significantly lower total time of
vasopressors and mortality™.

In a retrospective review addressing norepinephrine
as a trigger for initiation of corticosteroids, the dose was
arbitrarily defined as non-weight-based low, moderate,
or high™®. Through a more objective approach, we
found a dose of < 0.28 ug/kg per minute to be the best
predictor for shock reversal, a lower threshold than what
has been used in most studies®*?*®, reinforcing the
recommendation of an earlier initiation of hydrocortisone
also based on vasopressor dose'”’?®,

Another interesting finding of this study is the
apparent lack of benefits to the tapering strategy for
discontinuation of hydrocortisone. The Surviving Sepsis
Campaign Guidelines suggest tapering from steroids
when they are no longer required; therefore, this stra-
tegy is the most commonly used (in up to 74% of
patients), depending on the duration of hydrocortisone
therapy™. Unfortunately, there has been no comparative
study between tapering and abrupt cessation, and the
main argument for this suggestion is a small crossover
study in which shock relapse occurred in 30% of patients
with sudden discontinuation™’; however, the study was
underpowered to reach that conclusion, because the
data arose from a subgroup analysis of 20 patients.
Therefore, tapering has a 2D recommendation (the
weakest possible) on the GRADE system. Furthermore,
there have been other randomized controlled studies in
which corticosteroids were abruptly discontinued without
reported increased risk of shock relapse!?. In the
current study, tapering was only associated with adverse
effects; therefore, we suggest this should be avoided,
especially for patients with ongoing hyperglycemia and/
or hypokalemia.

The main strength of this study is that it was speci-
fically designed to compare the efficacy between both
methods of administration of hydrocortisone, according
to vasopressor requirement, indirectly assessing their
effects on immunomodulation and vasomotor tone im-
provement.

This study has some limitations; we did not address the
effects of the use of some drugs known to affect adrenal
function (e.g., etomidate, antifungals, benzodiazepines,
and opioids)>”. Medical management for septic shock
patients is always based on the current Surviving
Sepsis Campaign Guidelines and are very similar at
both hospitals; however, due to the observational and
nonrandomized design of the study, we cannot ensure
completely homogeneous treatment regarding other
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relevant variables associated with improving outcomes
(e.g., appropriateness and type of fluid resuscitation and
correct and timely use of antibiotics). This study was
powered to detect differences in short-term vasopressor
requirements and to find the best cut-offs for initiation
of hydrocortisone only; therefore, results concerning
analysis between groups should be interpreted cautiously,
and should be taken as hypothesis-generating data for
the design of future clinical mndomized controlled trials.

In conclusion, we found that continuous infusion of
hydrocortisone could hasten resolution of septic shock
compared with bolus administration, and that earlier
initiation based on time and/or norepinephrine dose is
related with a higher probability of shock reversal. The
tapering strategy appears unnecessary and may be only
related to additional adverse effects.
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Abstract

AIM
To evaluate the safety and efficacy of inhaled milrinone
in acute respiratory distress syndrome (ARDS).

METHODS

Open-label prospective cross-over pilot study where
fifteen adult patients with hypoxemic failure meeting
standard ARDS criteria and monitored with a pulmonary
artery catheter were recruited in an academic 24-bed
medico-surgical intensive care unit. Random sequential
administration of iINO (20 ppm) or nebulized epopro-
stenol (10 pug/mL) was done in all patients. Thereafter,
inhaled milrinone (1 mg/mL) alone followed by inhaled
milrinone in association with inhaled nitric oxide (iNO)
was administered. A jet nebulization device synchronized
with the mechanical ventilation was use to administrate
the epoprostenol and the milrinone. Hemodynamic mea-
surements and partial pressure of arterial oxygen (PaO:)
were recorded before and after each inhaled therapy
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administration.

RESULTS

The majority of ARDS were of pulmonary cause (n =
13) and pneumonia (7 = 7) was the leading underlying
initial disease. Other pulmonary causes of ARDS were:
Post cardiopulmonary bypass (7 = 2), smoke inhalation
injury (n = 1), thoracic trauma and pulmonary con-
tusions (7 = 2) and aspiration (7 = 1). Two patients
had an extra pulmonary cause of ARDS: A polytrauma
patient and an intra-abdominal abscess Inhaled nitric
oxide, epoprostenol, inhaled milrinone and the com-
bination of inhaled milrinone and iNO had no impact
on systemic hemodynamics. No significant adverse
events related to study medications were observed. The
median increase of PaO: from baseline was 8.8 mmHg
[interquartile range (IQR) = 16.3], 6.0 mmHg (IQR
= 18.4), 6 mmHg (IQR = 15.8) and 9.2 mmHg (IQR
= 20.2) respectively with iNO, epoprostenol, inhaled
milrinone, and iNO added to milrinone. Only iNO and
the combination of inhaled milrinone and iNO had a
statistically significant effect on PaOs..

CONCLUSION

When comparing the effects of inhaled NO, milrinone
and epoprostenol, only NO significantly improved oxy-
genation. Inhaled milrinone appeared safe but failed to
improve oxygenation in ARDS.

Key words: Inhaled milrinone; Nitric oxide; Pulmonary
hypertension; Hypoxemia; Acute respiratory distress
syndrome; Prostacyclin

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: To our knowledge, this is the first study testing
inhaled milrinone as a therapy in acute respiratory
distress syndrome and comparing it to more frequently
used inhaled therapies. It shows that inhaled milrinone
is safe but is not efficacious.

Albert M, Corsilli D, Williamson DR, Brosseau M, Bellemare
P, Delisle S, Nguyen AQN, Varin F. Comparison of inhaled
milrinone, nitric oxide and prostacyclin in acute respiratory distress
syndrome. World J Crit Care Med 2017; 6(1): 74-78 Available
from: URL: http://www.wjgnet.com/2220-3141/full/v6/i1/74.htm
DOI: http://dx.doi.org/10.5492/wjccm.v6.i1.74

INTRODUCTION

Acute respiratory distress syndrome (ARDS) is un-
fortunately a common problem in intensive care units
(ICU) and has been associated with significant morbidity
and mortality™. Hypoxemia and hypercapnia are the
primary manifestations of the ventilation-perfusion
mismatch observed in ARDS patients. Despite several
advances in mechanical ventilation, treatment of severe
hypoxemia has remained one of the greatest challenges
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in the ICU. Among these therapies, inhaled nitric oxide
(iNO) is commonly used for the treatment of hypoxemia
in ARDS because it allows for selective vasodilation of
ventilated units, transforming relative dead space into
adequate ventilation-perfusion units™?. Regardless of the
well documented failure to improve survival, iNO is still of
common use because of the oxygenation gain it allows.
However, it has substantial cost, has been associated
with potential serious side effects such as renal failure
and needs a special device for its delivery'*?. Inhaled
prostacyclin has also been used in ARDS and has been
shown to significantly reduce pulmonary artery pressure
and increase oxygenation'®\. However, prostacyclin
administration is technically challenging given its short
half-life and susceptibility to photo-degradation”’. The
phosphodiesterase type III inhibitor milrinone is a potent
pulmonary vasodilator that has been used with success
as an inhaled therapy for pulmonary hypertension in
cardiac surgery and may be a potential alternative to
actual treatment strategies’™®!. Animal studies have
suggested a response to milirinone in acute lung injury™.

The primary objective of this study was to assess
the tolerability and safety of inhaled milrinone in ARDS
patients. The secondary objectives included: Evaluation
of the efficacy of inhaled milrinone in improving hypoxemia
compared to baseline; comparison of the effects of inhaled
milrinone, iINO and inhaled epoprostenol in improving
hypoxemia and secondary pulmonary hypertension com-
pared to baseline; evaluation of the efficacy of combining
inhaled milrinone with iNO on hypoxemia and pulmonary
hypertension.

MATERIALS AND METHODS

In an academic 24-bed medico-surgical intensive care
unit, patients were screened over a 2-year period. Adult
patients were enrolled if they had hypoxemic respiratory
failure meeting standard moderate to severe ARDS
criteria: Ratio of the partial pressure of arterial oxygen
(Pa02) to the fraction of inspired oxygen (FiO2) of 200
or less, pulmonary capillary wedge pressure (Pcwp)
< 18 mmHg and bilateral infiltrates on frontal chest
radiograph. Recruited patients also had a pulmonary
artery catheter and an arterial line. Patients with severe
hemodynamic instability (defined as the need for more
than one vasopressor or the use of more than 0.5 ug/kg
per minute of norepinephrine), on intravenous milrinone
or nitrate derivatives that could not be weaned for study
purposes and patients on high frequency oscillatory
ventilation were excluded. Patients with a history of
hypersensitivity to study medications, pregnant patients
and those who participated in another study involving
oxymetric values or pulmonary hemodynamics were
also excluded.

Patients were randomly administered sequential ne-
bulization of iINO (20 ppm) or epoprostenol (10 pug/mL
for a total volume of 5 mL). Thereafter, milrinone (1
mg/mL for a total volume of 5 mL at each nebulisation)
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Table 1 Baseline characteristics of the patients (7 = 15)

Age (yr) 57 (IQR = 22)
Gender 12 men, 3 women
SOFA score (ICU admission) 7.5 (IQR =7)
SOFA score (day of protocol) 10.0 (IQR = 5)
APACHE-II (ICU admission) 23 (IQR = 7)
APACHE-1I (day of protocol) 23.5 (IQR = 7.0)
PaO: (mmHg) 80 (IQR = 39)
FiO: (%) 80 (IQR = 30)
Pa02/FiO:z 138 (IQR = 68)
PEEP (cm H:0) 10 (IQR =2)
MAP (mm Hg) 75 (IQR = 16)
mPAP (mm Hg) 28 (IQR =7)
Cardiac index (L/min per square metre) 3.7 (IQR = 2.6)

IQR: Interquartile range; SOFA: Sequential organ failure assessment;
APACHE: Acute physiological and chronic health evaluation; PEEP:
Positive end-expiratory pressure; MAP: Mean arterial pressure; mPAP:
Mean pulmonary arterial pressure.

alone and in association with iINO was administered.
Each drug was nebulized for 20 min and a 30 min
washout was allowed between each drug. We used a jet
nebulization device ventilator synchronized to nebulize
epoprostenol and milrinone (MicroMist® Nebulizer model
1880; Hudson RCI, Temecula, CA, United States). The
nebulizer was attached to the inspiratory limb of the
ventilator near the endotracheal tube. The mass median
diameter obtain with this nebulizer is 2.1 um and the
nebulization flow is between 0.25 and 0.3 mL/min. The
ventilatory circuit humidification was stopped during
the nebulization. Adjustment of the tidal volume was
done during nebulization to obtain the same minute
ventilation. The iNO was administered using a standard
iNO Delivery system (INOvent®, Ohmeda, Madison, WI,
United States) attached to the inspiratory limb of the
ventilator. A constant dose of 20 ppm of iNO was used
and monitored by the injection device. Blood pressure
and oxygenation status were continuously monitored. If
hemodynamic instability occurred, defined as a lowering
of systolic arterial pressure = 10 mmHg or lowering of
mean arterial pressure (MAP) = 5 mmHg, the study
medication was stopped. If oxygenation status worsened,
defined as a lowering of arterial oxygen saturation =
10% (measured with continuous pulse oximetry and
confirmed by arterial gas), the study medication was
stopped. Adverse events potentially related to study
medications such as increase hemodynamic instability
and renal failure was prospectively evaluated. Using a
previously published milrinone assay™, we determined
the plasma level of milrinone at the end of the admini-
stration of inhaled milrinone or the combination of iNo
and inhaled milrinone in eight samples from our last four
patients.

Demographic data, APACHE II and SOFA scores
were collected. The following parameters were measured
before and during each specific drug nebulization: MAP,
mean pulmonary arterial pressure, thermodilution cardiac
output, PaOz, heart rate, central venous pressure and Pcwp.
The following parameters were calculated: Systemic
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and pulmonary vascular resistances (SVR and PVR),
PVR/SVR Ratio, indexed pulmonary vascular resistance,
transpulmonary gradient, PaO2/FiOz, cardiac index,
shunt and oxygenation index. A patient was considered
a responder to study medications if is PaO: increased of
more than 20% from the pre-inhalation value!®.

As the primary goal of this pilot study was safety
and feasibility and no preliminary data existed in this
population, a convenience sample of 15 patients was
chosen. Given a within patient standard deviation of
11%, the sample size enabled the detection of a 12%
difference in PaO: between baseline and post-milrinone
PaO2. Given the small sample-size, demographic and
baseline data were described as medians and inter-
quartile range. Continuous data were analysed using
Wilcoxon signed rank tests.

The study was performed at HoOpital du Sacré-
Coeur de Montréal, Canada. The local ethics committee
approved the protocol and consent was obtained from
patients or their next of kin. The protocol was submitted
to and approved by Health Canada.

RESULTS

Fifteen consecutive patients were included in the study
(Table 1). The majority of ARDS cases were of pulmonary
origin (n = 13) and pneumonia (n = 7) was the leading
underlying initial disease. Other pulmonary causes of
ARDS were: Post cardiopulmonary bypass (n = 2),
smoke inhalation injury (n = 1), thoracic trauma and
pulmonary contusions (n = 2) and aspiration (n = 1).
Two patients had an extra pulmonary cause of ARDS:
A polytrauma patient and an intra-abdominal abscess.
The main hemodynamic responses are summarized in
Table 2. INO, epoprostenol, inhaled milrinone and the
combination of inhaled milrinone and iNO did not have
any significant impact on measured hemodynamics when
compared to baseline (all P > 0.1).

We observed for the oxygenation measurement a
median increase of PaO: from baseline of 8.8 mmHg
[interquartile range (IQR) = 16.3], 6.0 mmHg (IQR =
18.4), 6 mmHg (IQR = 15.8) and 9.2 mmHg (IQR =
20.2) respectively with iNO, epoprostenol, inhaled
milrinone, and iINO added to milrinone. When compared
to baseling, the combination of inhaled milrinone and iNO
(P = 0.004) and only iNO had a statistically significant
effect (P = 0.036). The median percent response to iNO,
epoprostenol, inhaled milrinone and the combination of
milrinone and iNO was 11.2% (IQR = 25%), 5.3% (IQR
= 24%), 7.9% (IQR = 19%) and 11.8% (IQR = 26%),
respectively. The response rate to study medications,
defined as an increase of more than 20% from the pre-
inhalation value, were 33.3%, 20.0%, 13.3% and 33.3%
respectively with iNO, epoprostenol, inhaled milrinone
and the combination of inhaled milrinone and iNO. The
median Pa0: response of 39.0 mmHg in responders was
higher with iNO than with epoprostenol (26.5 mmHg) or
milrinone (10 mmHg).

No significant adverse events related to study medi-
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Table 2 Hemodynamic parameter variations (7 = 15)
iNO Epoprostenol Milrinone Milrinone + NO

MAP (mmHg) 2.0 (11.0) 1.0 (8.0) 3.0 (6.0) 3.0 (7.0)

HR (bpm) -2.0 (6.0) 0.0 (4.0 0.0 (4.0) 0.0 (6.0)"
CVP (mmHg) 0.0 (1.4) 0.0 (4.0 0.0 (1.0) -1.0 (2.0)
PAOP (mmHg) 0.0 (3.0) 1.0 (4.0) 0.0(2.0) -1.0(3.0)
mPAP (mmHg) 2.0 (4.0) -1.0 (3.0) 0.0 (3.0) 2.0 (3.0)"

CI (L/min per square metre) 0.1 (0.6) 0.0 (0.7) 0.6 (0.9) -0.1 (0.4)
iPVR -30.6 (130.9) 51.7 (165.2) 9.4 (103.1) 0.0 (91.2)

"No hemodynamic variation reached statistical significance (P > 0.1 for any value) except for the median mPAP variations in the Milrinone + NO group (P

= 0.47). MAP: Mean arterial pressure; HR: Heart rate; CVP: Central venous pressure; PAOP: Pulmonary artery occlusion pressure; mPAP: Mean pulmonary
arterial pressure; CI: Cardiac index; iPVR: Indexed pulmonary vascular resistance; iNO: Inhaled nitric oxide.

cations were observed. The milrinone concentrations of
all samples were very low (average 8.68 ng/mL) and
two samples showed a level below the lower limit of
quantification (1.25 ng/mL).

oxygenation in ARDS. Further studies are needed in order
to confirm usefulness of inhaled milrinone in ARDS and
its appropriate administration regimen and nebulising
technique.

DISCUSSION

ACKNOWLEDGMENTS

In this pilot study, we demonstrated that it is feasible
and safe to administer inhaled milrinone and the com-
bination of inhaled milrinone and iNO to patients with
moderate to severe ARDS over a short period of time.
However, inhaled milrinone had no significant effects
on oxygenation and hemodynamic parameters in these
patients.

These results are surprising given the beneficial
effects of inhaled milrinone in other patient population
such as cardiac surgery. Trying to understand these dis-
crepancies, we hypothesized that systemic recirculation
of absorbed milrinone and therefore increase pulmonary
shunt could potentially explain the lack of oxygenation
improvement, though then we should expect pulmonary
arterial pressure fluctuations. However, low milrinone
plasmatic levels suggest underdosing rather than re-
circulation. Physiological changes in ARDS may also
counteract milrinone effect in such patient populations'?.
The dosing itself or inadequacy of our nebulising technique
might be related to the relative inefficacy of milrinone.

Our study has many limitations such as the small
sample size and a monocentric design. Given the half-life
of milrinone it would have been impossible to begin with
milrinone and certify lack of residual effect potentially
inducing bias in our results including studying use of
the combination of milrinone and eproprostenol. The
deposition and absorption of nebulized drugs is very
variable in mechanically ventilated patients, it would
have been interesting to generate a dose-response curve
for each drug and then to study the safety of the lowest
dose of each drug that gave the maximal response.

In summary, it appeared safe to administrate inhaled
milrinone and a combination of inhaled milrinone and
iNO to ARDS patients over a short period of time. When
comparing the effects of the three inhaled vasodilators
(NO, milrinone and epoprostenol), inhaled NO was the
only medication significantly improving gas exchanges.
Inhaled milrinone appeared safe but failed to improve
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Background

Treatment of severe hypoxemia has remained one of the greatest challenges in
the intensive care units. Inhaled therapies such as inhaled nitric oxide allow for
selective vasodilation of ventilated units, transforming relative dead space into
adequate ventilation-perfusion units. The phosphodiesterase type I inhibitor
milrinone is a potent pulmonary vasodilator may be a potential alternative to
actual costly treatment strategies. Animal studies have suggested a response
to milrinone in acute lung injury.

Research frontiers

Despite several advances in mechanical ventilation, acute respiratory distress
syndrome remains a condition with high mortality. New therapies to improve
oxygenation and outcomes need to be investigated.

Innovations and breakthroughs

To their knowledge, this is the first study testing inhaled milrinone as a therapy
in acute respiratory distress syndrome and comparing it to more frequently used
inhaled therapies. It shows that inhaled milrinone is safe but is not efficacious.

Applications

Inhaled milrinone was shown to be safe in acute respiratory distress syndrome
in our study. Although not efficacious in our trial, it could be further studied in a
larger study or with more selected populations to see if an effect can be found.

Terminology

Milrinone: A phosphodiesterase type III inhibitor that is a potent pulmonary
vasodilator that has been used with success as an inhaled therapy for pulmonary
hypertension in cardiac surgery.

Peer-review

This is a case of Acute Respiratory Distress Syndrome, with both methodologically
and therapeutically impeccable evolution, as it can be seen in its radiographic
progression. The semiotic paradigm is one of the canonical forms of scientific
thought that allows to authorize the progression of medical knowledge from
particular deductions to general applications. It must be considered the above
distinction for this work and it useful effectiveness proposed by their authors.
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Abstract

AIM

To study the impact of hospital-acquired infections
(HAIs) on cost and outcome from intensive care units
(ICU) in India.

METHODS

Adult patients (> 18 years) admitted over 1-year, to a
24-bed medical critical care unit in India, were enrolled
prospectively. Treatment cost and outcome data were
collected. This cost data was merged with HAI data
collected prospectively by the Hospital Infection Control
Committee. Only infections occurring during ICU stay
were included. The impact of HAI on treatment cost
and mortality was assessed.

RESULTS
The mean (£ SD) age of the cohort (7 = 499) was
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42.3 £ 16.5 years. Acute physiology and chronic health
evaluation-1I score was 13.9 (95%CI: 13.3-14.5);
86% were ventilated. ICU and hospital length of stay
were 7.8 = 5.5 and 13.9 £+ 10 d respectively. Hospital
mortality was 27.9%. During ICU stay, 76 (15.3%)
patients developed an infection (ventilator-associated
pneumonia 50; bloodstream infection 35; urinary tract
infections 3), translating to 19.7 infections/1000 ICU
days. When compared with those who did not develop
an infection, an infection occurring during ICU stay
was associated with significantly higher treatment cost
[median (inter-quartile range, IQR) INR 92893 (USD
1523) (IQR 57168-140286) vs INR 180469 (USD 2958)
(IQR 140030-237525); P < 0.001 and longer duration
of ICU (6.7 £ 45dvs 13.4 £ 7.0 d; P < 0.01) and
hospital stay (12.4 £ 8.2 d v5 21.8 £ 13.9 d; £ < 0.001)].
However ICU acquired infections did not impact hospital
mortality (31.6% vs 27.2%; P = 0.49).

CONCLUSION

An infection acquired during ICU stay was associated
with doubling of treatment cost and prolonged hospita-
lization but did not significantly increase mortality.

Key words: Attributable cost; Nosocomial infection;
Length of stay; Mortality; Intensive care

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

may not be appropriate for several reasons: (1) diffe-
rent microbiological profile of HAIS™®; (2) perceived
reluctance among physicians regarding treatment of
HAIs that is probably based on the impression that
these infections are associated with poor survival”®;
and (3) limited resources and affordability which argues
that resource allocation for the treatment of HAI would
steal opportunities away from other potentially treatable
patients, waiting for an intensive care unit (ICU) bed. The
affordability issue is compounded by the fact that only
about 10% of the estimated 70000 ICU beds in India are
available in the public sector, where treatment is provided
free of cost™. This poses a major problem of demand-
supply mismatch, not only in the public sector, but also in
the private sector since the population that needs to be
covered in India is over 1 billion. Minimal subscription to
private health insurance and resource pooling being in its
infancy results in significant out-of-pocket expenses that
push several families below the poverty line!™”.

In the light of the above, a study was undertaken to
evaluate the “cost” (in terms of money) and “impact”
(in terms of clinical outcomes) of HAIs in developing
countries. Such studies would facilitate investment on
interventions that reduce infection as well as help plan
appropriate allocation of the scarce resources of materials
(ICU beds and equipment), manpower and money to
address this problem in the ICU setting.

Core tip: There is paucity of data on the impact of
hospital acquired infections (HAIS) on cost and outcome
from intensive care units (ICU) in developing countries.
In this prospective study of 499 patients admitted
over 1-year to a medical ICU in India, there were 19.7
HAIs per 1000 ICU days. Occurrence of infection was
associated with significantly higher treatment cost (P
< 0.001); the median attributable cost of an infection
was 87594 Rupees (USD 1436). Although ICU acquired
infections increased ICU length of stay (6.7 + 4.5 d
vs 13.4 £ 7.0 d; P < 0.01), it did not impact mortality
(31.6% vs 27.2%; P = 0.49).

Chacko B, Thomas K, David T, Paul H, Jeyaseelan L, Peter JV.
Attributable cost of a nosocomial infection in the intensive care
unit: A prospective cohort study. World J Crit Care Med 2017; 6(1):
79-84 Available from: URL: http:/www.wjgnet.com/2220-3141/
full/v6/i1/79.htm DOI: http://dx.doi.org/10.5492/wjccm.v6.i1.79

INTRODUCTION

Health care associated infection (HAI) is a major pre-
ventable complication in critically ill patients across the
world™?, Whilst there is a significant body of information
and evidence on the cost of these infections from
developed countries, primary research from developing
countries, in this area, is limited™*. Translation of results
of studies from developed countries on the impact and
cost of infections to situations in developing countries

WJCCM | www.wjgnet.com

JRaishideng®

80

MATERIALS AND METHODS

In this study spanning 1-year, prospectively collected
ICU cost data was merged with HAI data collected pro-
spectively by the Hospital Infection Control Committee
(HICC). ICU cost data was obtained from a study that
looked at cost-utility as well as willingness-to-pay in
patients admitted to the medical ICU™,

Patients and setting

The study was undertaken in a 24-bed medical critical
care unit in a 2500-bed, university-affiliated, private
teaching hospital in semi-urban India. In this hospital,
other than the very few covered by private health in-
surance, the entire treatment cost is expected to be paid
for by the patient.

During a 1-year period (January-December 2011),
adult patients (> 18 years) admitted to the 24-bed
medical critical care unit were enrolled if they stayed
beyond 24-h in the ICU. Patients not consenting to
participate, patients not admitted under internal medicine
(e.g., hematological malignancies, chronic liver disease),
or patients with surgical problems were excluded. A
diagnosis of HAI was made only when a new infection
occurred 48-h after hospital admission. The study was
approved by the Institutional Review Board and Ethics
committee (IRB No. 10011) and consent was obtained
from patient or next-of-kin.

Costs
“Treatment cost”, obtained from the hospital electronic
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Table 1 Demographic data of the groups with and without

hospital acquired infections

Features HAI (n = 76) No HAI (#» = 420) P value

Age, mean (SD), (yr) 39.4 (16.2) 429 (16.5) 0.04
Male:female 46:30 241:179 0.70
APACHE I score, mean (SD)  14.01 (4.7) 13.9 (6.0) 0.58
Diagnosis 1 (%)

Sepsis (including scrub 27 (35.5) 195 (46.4)

typhus)

Deliberate self-harm 30 (39.4) 99 (23.6)

Cardiac 4 (5.3) 34 (8.1) 0.11

Acute respiratory distress 5 (6.6) 28 (6.7)

syndrome

Neurological 6(7.9) 43 (10.2)

Others 4(5.3) 21 (5.0)

Data not available for 3 patients. HAI: Hospital acquired infection;
APACHE: Acute physiology and chronic health evaluation; SD: Standard
deviation.

system, was taken as the direct medical cost incurred
from the time of admission to hospital until discharge
from hospital (including ICU cost). This included bed and
nursing charges, professional fees, equipment charges,
investigations, oxygen charges, and medication costs!?.

Infections

Infection data was obtained from the HICC that does
daily active surveillance. Only infections occurring during
ICU stay were included. Ventilator associated pneumonia
(VAP), blood stream infections (BSI) and urinary tract
infections (UTI) developing 48-h after hospital admission
were the infections that were analysed. VAP and UTI
were defined as per the CDC guidelines™. BSI was
defined as a positive blood culture with a recognized
pathogen or the combination of clinical symptoms
(fever > 38 °C, chills, hypotension) and two positive
blood cultures for a common skin commensal from two
separate blood samples drawn within 48 h*%,

Outcome data

The impact of infections on outcomes was explored.
This included its effect on length of stay (ICU and
hospital) and hospital mortality. We also assessed the
impact of individual infections (VAP, UTI and BSI) on
mortality.

Statistical analysis

Frequencies and percentages were used to describe base-
line data, overall hospital and ICU mortality. Continuous
variables [Acute physiology and chronic health evaluation
(APACHE) I score, cost and ICU and hospital length
of stay] were expressed as mean [standard deviation
(SD)] if data was normally distributed. Where data was
not normally distributed (e.g., treatment cost), it was
expressed as median with interquartile range (IQR).
Hospital mortality and length of stay (ICU and hospital)
for the two groups, with HAI and without HAI, were
calculated. ° tests were used to compare proportions.
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In order to study the impact of HAI on mortality, it was
decided to adjust for disease severity and other potential
confounders if mortality was significantly different
between those who developed infection vs those who did
not develop infection.

RESULTS

Baseline demographic data

During the study period, 1599 patients were admitted
to medical critical care. A total of 499 patients were
enrolled. Exclusion criteria were admission under other
specialty units (n = 434), deaths or discharges within
24 h (n = 105), refusal of consent (n = 58) and those
not recruited during public holidays or weekends (n =
503)1Y.

Demographic data are summarized in Table 1. The
diagnosis included 122 different International Classi-
fication of Diseases (ICD) code entities and comprised
predominantly of acute febrile illness including scrub
typhus (44.4%), deliberate self-harm (26%), neurological
illnesses (9.8%) and cardiac problems (7.6%).

The study cohort (n = 499) was relatively young
with a mean (SD) age of 42.3 £ 16.5 years and mean
APACHE-TI of 13.9 (95%CI: 13.3-14.5); 86% of patients
were invasively ventilated. The mean (SD) ICU length of
stay was 7.8 £ 5.5 d.

Infection data

Infection data was available in 496 (99.4%) patients.
During ICU stay, 76 patients (15.2%) developed an in-
fection, translating to 19.7 infections/1000 ICU days.
Patients who developed a HAI were significantly younger
(P = 0.04) than those who did not develop a HAI (Table 1).
However the gender distribution and APACHE-1I score
were not different between the groups. There were 50
episodes of VAP, 35 episodes of BSI and 3 episodes of
UTI; 10 patients had more than one episode of infection.
The median time to develop the infection followed an
interesting pattern; VAP tended to occur in the first week
of ICU stay (8 £ 5 d) while BSI occurred in the second
week (11.4 £ 7 d) and UTI in the third week (18.7 £
12.4 d).

Microbiological data

Overall, non-fermenting gram-negative carbapenem
resistant organisms were isolated from 51 of the 88
episodes (36 VAP, 14 BSI and 1 UTI). There were 4
infections with colistin resistant organisms (3 VAP and
1 BSI). Twelve BSI isolates were susceptible gram-
negative organisms. There was no Methicillin resistant
staphylococcus aureus (MRSA) isolate in our cohort.

Outcome and cost data

Overall, infections were associated with doubling of
length of stay (Table 2). However, mortality was similar
in those who developed a HAI and those who did not
develop it (Table 2). A logistic regression analysis was
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Table 2 Impact of hospital-acquired infections on outcomes

Outcome HAIl (n = 76) No HAI (n = 420) P value
ICU length of stay, mean (SD), (d) 13.4 (7.0) 6.7 (4.5) <0.01
Hospital stay, mean (SD), (d) 21.8 (13.9) 12.4 (8.2) <0.001
In-hospital mortality 31.60% 27.20% 0.49
Mortality with VAP' 26% 27.2%* 1.0
Mortality due to BST' 37% 27.2%" 0.24
CAUTI mortality' 33% 27.2%* 1.0

"Total number of patients with VAP was 50, BSI 35 and CAUTI 3; the total number of patients with
individual infections exceed 76 since 10 patients had more than one infection source; ’Indicates

patients who had no HAI during the entire course of intensive care stay; thus in the analysis for
VAP, those with BSI or CAUTI were excluded from the no HAI group and for BSI those with VAP
and CAUTI were excluded from the no HAI group. Data available only on 496 patients. VAP:
Ventilator associated pneumonia; BSI: Blood stream infection; CAUTI: Catheter associated urinary

tract infection; SD: Standard deviation; HAIL: Hospital acquired infection.

Table 3 Comparison of overall cost between those with infection and those without infection

Type HAI (n = 76) No HAI' (n = 420) Cost difference P value
Mean (SD) cost (INR)
Any infection 226398 (226268) 115058 (93754) 111340 <0.0001
VAP 235350 (253421) 115058 (93754) 120292 <0.001
BSI 283887 (341916) 115058 (93754) 168829 <0.001
CAUTI 190059 (34096) 115058 (93754) 155963 0.05
Median (IQR) cost (INR)
Any infection 180469 (140030-237525) 92875 (57243-139104) 87594 <0.0001
VAP 182991 (133038-238952) 92875 (57243-139104) 90116 <0.0001
BSI 170753 (141788-238650) 92875 (57243-139104) 77878 <0.0001
CAUTI 173085 (155818-190352) 92875 (57243-139104) 80210 0.06

'The cost of no HALI is the same for all sub-categories of analysis based on source of infection since patients who developed any infection were not included
in the “no HAI” group. At the time of the study, 1 USD = INR 61. Values in parenthesis indicate standard deviation. INR: Indian rupees; HAI: Hospital
acquired infection; VAP: Ventilator associated pneumonia; BSI: Blood stream infection; CAUTI: Catheter associated urinary tract infection; SD: Standard

deviation; IQR: Inter-quartile range.

not performed in view of the lack of effect of infection on
mortality. Additionally, when individual infections were
considered separately, there was no mortality difference
between those who developed a specific infection [i.e.,
VAP, BSI or catheter associated urinary tract infection
(CAUTI)] vs those who did not develop any infection
during ICU stay (Table 2).

An infection acquired in the ICU was associated with
doubling of overall cost when compared with patients
who did not develop an infection during hospitalization.
When VAP, BSI and UTI were analysed independently,
the overall cost (median IQR) of each infection was
almost similar (Table 3). The median attributable cost of
an infection worked out to INR 87594 (USD 1436).

DISCUSSION

This study provides insight and information on the bur-
den (economic and otherwise) of common HAIs in the
medical ICU of a developing country. While it could be
argued that there is data from developed countries to this
effect, our data with the different spectrum of infections
(predominant VAP and few UTI) and microbiology
(over 60% of the isolates carbapenem resistant) merit
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reporting and discussion.

Nosocomial infections, individually and overall in our
study, were associated with doubling of cost without
any impact on mortality. The acquisition of infection
was also associated with the need for an additional
7-10 d in the ICU, resulting in further constraining the
already limited ICU resources in our setting. Although
the increased length of ICU stay is consistent with the
limited evidence available for VAP in other countries™,
this has significant hospital infrastructure and public
health implications in our setting.

These findings beg a response to the following
questions. First, given the lack of impact of infections on
mortality despite the antimicrobial resistance patterns,
it is worth treating these infections. Second, should
there be a focused approach to looking at measures
to decrease infections and improving quality of patient
care in ICU? On the face of it, the appropriate response
to the above questions would be a resounding yes.
However as alluded to, in view of the limited resources,
treatment of patients with ICU acquired infections is
likely to impact bed allocation to a patient with a more
reversible problem. This, coupled with the inability to pay
for the entire cost of treatment!*"), places an additional
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economic burden on institutions that provide subsidy or
charity. Denying on-going care for a potentially reversible
problem (in this case a HAI) would violate ethical and
moral principles of healthcare. Thus, the response to the
second question assumes greater importance.

In India, ICU infrastructure and staffing are varied
across hospitals*®. It is also known that nosocomial
infection rates in developing countries are far higher
than that in developing countries. Focusing on reducing
the incidence of nosocomial infections would translate to
better utilization of ICU beds and economic resources. In
addition to rigid enforcement of hand hygiene measures,
micromanaging central line handling and optimizing
pneumonia prevention strategies may help reduce infec-
tion rates. In addition, hospital administrators need
to consider optimizing staff-patient ratio and spacing
between ICU beds, a problem that probably potentiates
infection risk!”'®. The latter strategy would involve a
cost shift from the patient (who bears the cost of an
infection) to the hospital (in improving nursing ratio and
bed spacing) that may be beyond the reach of many
institutions.

This study, in the setting of a developing country,
establishes the fact that an ICU acquired infection
is associated with a significant increase in cost. The
perception of poor survival is misplaced and patients who
develop a HAI should be treated with cautious optimism.
The utilitarian philosophy and steal phenomenon
remains, since infections are associated with doubling
of hospital stay and costs and are likely to prevent other
patients from being treated in ICU. Efforts should be
maximized on improving infection control practices since
additional resource allocation in this setting may be
challenging to the majority of health care settings.

COMMENTS

Background

Intensive care units (ICU) acquired infections are generally viewed with
skepticism for several reasons. First, is a fact that treatment of ICU acquired
infections would increase cost significantly and add pressure on the already
stretched ICU resources second, is a perception that such infections would be
associated with poor survival and third is an utilitarian philosophy that argues
that such resource allocation would “steal” opportunities away from potentially
treatable patients waiting for an ICU bed. This study aimed to explore the
impact of ICU acquired infections on overall cost and mortality in a tertiary care
hospital in a developing country. In this study spanning 1-year, prospectively
collected ICU cost data incorporating direct and indirect cost was merged with
nosocomial infection data collected by the hospital infection control committee.

Research frontiers

Health care associated infection (HAI) is a major preventable complication
in critically ill patients across the world. Whilst there is a significant body of
information and evidence on the cost of these infections from developed
countries, primary research from developing countries, in this area, is limited.
Additionally, translation of data from developed countries on the impact and cost
of infections to situations in developing countries may not be appropriate given
the different microbiological profile of HAIs.
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This study has provided important information that suggests that paying
attention to reducing nosocomial infections would not only translate to lower
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costs, but also make more intensive care beds available for other patients
needing them.

Applications

This study provides insight and information on the burden (economic and
otherwise) of common HAls in the medical ICU of a developing country. While
we were not surprised with the finding that HAls were associated with doubling
of cost as compared to those without HAls, it was reassuring to know that there
was no evidence of association of increased mortality despite the antimicrobial
resistance patterns. It is thus worth treating this infections and there should be
an aggressive focused approach to decrease infections and improve quality of
patient care in ICU.

Terminology

HAls are defined as new infections that develop in the hospital after 48 h of
admission. In this study, cost and impact on outcomes (death and length of
stay) of common ICU acquired infections, ventilator associated pneumonia,
blood stream infections and urinary tract infections were analysed.
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Abstract

We report a case of virus-induced acute respiratory
distress syndrome (ARDS) treated with parenteral vitamin
C in a patient testing positive for enterovirus/rhinovirus
on viral screening. This report outlines the first use of
high dose intravenous vitamin C as an interventional
therapy for ARDS, resulting from enterovirus/rhinovirus
respiratory infection. From very significant preclinical
research performed at Virginia Commonwealth University
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with vitamin C and with the very positive results of a
previously performed phase I safety trial infusing high
dose vitamin C intravenously into patients with severe
sepsis, we reasoned that infusing identical dosing
to a patient with ARDS from viral infection would be
therapeutic. We report here the case of a 20-year-old,
previously healthy, female who contracted respiratory
enterovirus/rhinovirus infection that led to acute lung
injury and rapidly to ARDS. She contracted the infection
in central Italy while on an 8-d spring break from
college. During a return flight to the United States,
she developed increasing dyspnea and hypoxemia that
rapidly developed into acute lung injury that led to
ARDS. When support with mechanical ventilation failed,
extracorporeal membrane oxygenation (ECMO) was
initiated. Twelve hours following ECMO initiation, high
dose intravenous vitamin C was begun. The patient’s
recovery was rapid. ECMO and mechanical ventilation
were discontinued by day-7 and the patient recovered
with no long-term ARDS sequelae. Infusing high dose
intravenous vitamin C into this patient with virus-induced
ARDS was associated with rapid resolution of lung
injury with no evidence of post-ARDS fibroproliferative
sequelae. Intravenous vitamin C as a treatment for
ARDS may open a new era of therapy for ARDS from
many causes.

Key words: Intravenous vitamin C; Acute respiratory
distress syndrome; Enterovirus/rhinovirus; Acute lung
injury; Extracorporeal membrane oxygenation

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Enterovirus/rhinovirus has been reported to
cause devastating acute lung injury. We report here the
first use of high dose intravenous vitamin C to attenuate
the acute respiratory distress syndrome that was caused
by this viral infection. We have previously reported that
vitamin C used in this interventional fashion is a potent
anti-inflammatory agent.

Fowler Il AA, Kim C, Lepler L, Malhotra R, Debesa O,
Natarajan R, Fisher BJ, Syed A, DeWilde C, Priday A, Kasirajan
V. Intravenous vitamin C as adjunctive therapy for enterovirus/
rhinovirus induced acute respiratory distress syndrome. World J
Crit Care Med 2017; 6(1): 85-90 Available from: URL: http://
www.wjgnet.com/2220-3141/full/v6/i1/85.htm DOL: http://dx.doi.
org/10.5492/wjcem.v6.i1.85

INTRODUCTION

Viral diseases can produce the acute respiratory distress
syndrome (ARDS)™. Pandemic viruses are the most
common viruses that produce lung injury. Influenza
viruses and coronaviruses (e.g., H5N1, H1IN1 2009,
severe acute respiratory syndrome coronavirus, and
middle east respiratory syndrome coronavirus) are
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potentially lethal pathogens known to produce lung
injury and death from ARDS™®., At the tissue level, lung
injury results from increased permeability of the alveolar-
capillary membrane that leads to hypoxia, pulmonary
edema, and intense cellular infiltration, particularly
neutrophilic infiltration. The exact pathogenesis of virus-
induced ARDS is slowly becoming understood. Unlike
the “cytokine storm” occurring in bacterial sepsis that
leads to up-regulation of pro-inflammatory cytokines
[e.g., interleukin-1p (IL-1p), IL-8, IL-6] and generation
of reactive nitrogen and oxygen species in the vascular
space, viruses such as the influenza virus target alveolar
epithelium, disabling sodium pump activity, damaging
tight junctions, and inducing cell death in infected cells.
Cytokines produced by virally infected alveolar epithelial
cells activate adjacent lung capillary endothelial cells
which then leads to neutrophil infiltration. Subsequent
production of reactive oxygen and nitrogen species by
infiltrating neutrophils further damages lung barrier
function™, Apart from pandemic viruses other viruses,
are increasingly reported to produce severe ARDS. While
most of the approximately 100 strains of enterovirus
primarily infect the gastrointestinal tract, enterovirus-D68
(EV-D68) has tropism for the respiratory tract. EV-D68
produces acute respiratory disease ranging from mild
upper respiratory tract symptoms to severe pneumonia
and lung injury as in the case we describe here. In an
outpatient setting, EV-D68 disease has manifested most
commonly among persons younger than 20 years and
adults aged 50-59 years'. In August 2014, EV-D68
emerged as a cause of severe respiratory infections with
hospitals in Illinois and Missouri reporting an increased
incidence of rhinovirus and enterovirus infection'””. In
this report, 30 of 36 isolates from the nasopharyngeal
secretions of patients with severe respiratory illness
were identified as EV-D68. Following these reports,
an unusually high number of patients with severe
respiratory illness were admitted to these facilities,
presumably with EV-D68 infection. Enterovirus-D68
leading to ARDS has been reported in China, Japan, and
in the United States®®'"), The report by Farrell et a4,
describes a previously healthy 26-year-old woman who
developed severe ARDS following an enterovirus-D68
infection. Despite all critical care support measures,
the patient required protracted mechanical ventilation
for 32-d, necessitating tracheostomy and endoscopic
gastrostomy tube placement. She was discharged alive
55 d following admission. Enterovirus and rhinovirus
were recovered from the respiratory secretions of the
patient we report here. Extracorporeal membrane
oxygenation was rapidly required in our patient’s care
following failure of conventional mechanical ventilation.
The patient reported by Farrell et ai™"! is the full extent of
support required for patients with ARDS who ultimately
develop a fibroproliferative course as described by
Burnham et a*?. Karhu et ai™* and Choi et af**! recently
reported finding rhinovirus as the etiology of severe
community acquired pneumonia and respiratory failure
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Figure 1 Patient’s anterior-posterior chest X-ray film prior to intubation.

in mechanically ventilated adults who had a proven viral
etiology of respiratory failure.

We report here the first application of high dose
intravenous vitamin C employed as an interventional
drug treatment for virus-induced ARDS. Very few
studies in critically ill patients with ARDS have reported
the use of intravenous vitamin C. The use of vitamin
C to treat lung injury is still investigational. Nathens et
al™ infused ascorbic acid at 1 g every 8 h combined
with oral vitamin E for 28 d in 594 surgically critically
ill patients and found a significantly lower incidence of
acute lung injury and multiple organ failure. Tanaka et
al*® infused ascorbic acid continuously at 66 mg/kg per
hour for the first 24 h in patients with greater than 50%
surface area burns and showed significantly reduced
burn capillary permeability. A single report (published
as abstract only) of a clinical study of large intravenous
doses of ascorbic acid, and other antioxidants (tocopherol,
N-acetyl-cysteine, selenium), in patients with established
ARDS showed reduction in mortality of 50%™". Clinical
protocols currently in use for hospitalized septic patients
fail to normalize ascorbic acid levels. Vitamin C dosages
utilized in the treatment of the patient we describe in
this case report arose from our previous human studies,
infusing high dose intravenous vitamin C into critically
ill patients with severe sepsis™® and in our preclinical
studies'**!. Our work thus far shows vitamin C to exert
potent “pleotropic effects” when used as described in this
report. We showed that septic patients receiving high
dose intravenous vitamin C exhibit significant reduction
in multiple organ injury and reduced inflammatory
biomarker levels™®. Our preclinical work in septic lung-
injured animals shows that vitamin C down-regulates
pro-inflammatory genes that are driven by transcription
factor NF-xB. Furthermore, vitamin C significantly in-
creases alveolar fluid clearance in septic lung-injured
animals®®Y, Finally, infused vitamin C's capability to down-
regulate liberated reactive oxygen and nitrogen species
appears to be critical for attenuating lung injury®.

CASE REPORT

A 20-year-old white female presented to urgent care
with 24 h of increasing dyspnea after returning from
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a 7-d trip to Italy. While in Italy she was exposed to
several members of the family with whom she was
visiting who had symptoms of upper tract respiratory
infection. One family member had recently traveled to
Morocco. While in Italy, the patient had visited a buffalo
farm and ate unpasteurized cheese. There were no
other unusual exposures. She noted cough and yellow
sputum for 3 d with intermittent fever and night sweats.

DISCUSSION

A chest X-ray revealed diffuse bilateral opacities
(Figure 1). Arterial blood gas testing revealed severe
hypoxemia while receiving 100% oxygen by non-
rebreather mask. Antibiotics were initiated and she was
admitted to intensive care unit (ICU) with a diagnosis
of community acquired pneumonia. She denied GI sym-
ptoms, rash or arthralgia. She denied any history of
thromboembolic disease, chest or leg pain or swelling.
Her only medication was oral contraceptive for migraines
associated with her menstrual cycle. Non-invasive
positive pressure ventilation failed to support hypoxemic
respiratory failure and intubation was required on
hospital day 3. An echocardiogram revealed normal
cardiac function. Respiratory cultures were negative, but
a molecular detection viral respiratory panel was positive
for enterovirus/rhinovirus (FilmArray, BioFire Diagnostics,
LLC, Salt Lake City, Utah). Despite high PEEP and low
tidal volume ventilation, hypoxemia (PaOz/FiOz = 75) and
hypercapnia remained severe. Chest imaging on hospital
day 3 revealed dense bilateral opacities with central air
bronchograms (Figure 2). Due to failure of conventional
ventilatory strategies, veno-venous extracorporeal mem-
brane oxygenation (ECMO) was initiated on hospital
day 3. Low tidal volume assist-control, pressure-control
ventilatory strategy was continued. Vancomycin, piper-
acillin-tazobactam and levofloxacin started at ICU admission
were continued. High-dose intravenous vitamin C (200
mg/kg per 24 h) was initiated on ECMO day 1 with the
total daily vitamin C dosage divided equally into four
doses and infused every 6 h. AP chest X-ray imaging on
ECMO day 2 following institution of vitamin C infusion
revealed significant improvement in bilateral lung opacities
(Figure 3). Given the patient’'s hemodynamic instability
and vasopressor requirements, the critical care physician
staff and nursing staff were very careful to keep the
patient’s intake and output fluid balance even, being
careful not to volume load a patient who was suffering
from permeability pulmonary edema. Bronchoscopy
on ECMO day 3 was negative for bacterial or fungal
respiratory pathogens. Histoplasma, Blastomyces,
Aspergillus, and Legionella antigen studies were negative.
Furosemide was used to achieve a daily negative fluid
balance. Daily chest imaging with AP chest X-rays
documented continued resolution of bilateral opacities.
Importantly, lung gas exchange significantly improved
following institution of vitamin C infusions. Chest imaging
on ECMO day 6 revealed significant further reduction in
lung opacities. ECMO decannulation and extubation from
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Portable

Figure 2 Patient’s anterior-posterior chest X-ray film on extracorporeal
membrane oxygenation day 1.

Figure 3 Patient’s anterior-posterior chest X-ray film on extracorporeal
membrane oxygenation day 2.

ventilation occurred on ECMO day 7 (Figure 4). Vitamin
C dosing was continued while the patient remained
on ECMO. Vitamin C dosing was reduced by half (100
mg/kg per 24 h) for one day following decannulation
from ECMO then reduced by half again (50 mg/kg per
24 h) for an additional day. Post-extubation the patient
required 4 L/min nasal oxygen for 48 h and then was
discharged home on room air. She was discharged home
on hospital day 12. Although we did not quantify the
plasma ascorbic acid levels in the patient we report here,
we have previously reported that critically ill patients
with severe sepsis treated with the identical vitamin C
infusion protocol achieved plasma ascorbic acid levels of
3.2 mmol, values which are 60 fold higher than normal
plasma ascorbic acid levels™,

In conclusion, we report here the first use of vitamin
C as an interventional drug to attenuate lung injury
produced by viral infection. The patient described here
was discharged home 12 d following hospitalization,
requiring no oxygen therapy. Follow-up exam at 1 mo
following the patient’s initial hospitalization revealed
her to have completely recovered. Figure 5 displays
her follow-up chest X-ray film. Importantly, it should
be noted that this is a single case report. The role of
Vitamin C in this patient’s recovery is not certain, and
clearly additional investigation will be required before
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Figure 4 Patient’s anterior-posterior chest X-ray film on extracorporeal
membrane oxygenation decannulation, extubation day 7.

i

-
Figure 5 Patient’s posterior-anterior chest X-ray film two weeks following
hospital discharge.

this can be recommended as a therapy for ARDS.
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Case characteristics

A 20-year-old female with no significant medical history presented with acute
respiratory failure following a spring break in central Italy. While in Italy she was
exposed to a sick contact who was a member of the family she was staying
with.

Clinical diagnosis

The clinical diagnosis of severe acute respiratory distress syndrome (ARDS)
in this case was established by the extent of respiratory failure present, the
radiographic findings, and the need for extracorporeal membrane oxygenator
support required. The patient’s exposure to the sick contact in Italy suggested
the diagnosis of a viral etiology.

February 4, 2017 | Volume 6 | Issuel |



Differential diagnosis
ARDS, viral pneumonia, sepsis from unknown etiology.

Laboratory diagnosis

The diagnosis of the etiology of the patient's respiratory failure was obtained
by a panel that uses real-time polymerase chain reaction technology to identify
respiratory viral pathogens. FilmArray Respiratory panel is manufactured by
BioFire Diagnostics, LLC, Salt Lake City, Utah.

Imaging diagnosis
Standard Anterior-Posterior chest X-ray films confirmed the diagnosis of ARDS.

Pathological diagnosis

No lung tissue was obtained from the patient. The diagnosis of ARDS was
established by the extent of respiratory failure and the imaging required during
the patients hospital stay.

Treatment
In this case report, the authors describe the first use of high dosage intravenous
vitamin C as adjunctive therapy for viral induced ARDS.

Related reports

At this point in time, there are no other case reports specifically referencing
vitamin C as a treatment for ARDS. The authors have previously reported (ref.
[18]) the use of high dose vitamin C as an adjunctive therapy for severe sepsis.
Many patients in that trial likely could be considered to have had ARDS.

Experiences and lessons

For many years multiple investigators have conducted clinical treatment trials,
searching for effective therapies to assist in the treatment for ARDS. In this case
report, the authors may have shed new light on a treatment which may ultimately
be effective. The successful outcome described in this case report would suggest
that larger trials must be conducted with high dosage intravenous vitamin C.

Peer-review
This is an interesting report of use of high dose intravenous vitamin C in ARDS.
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Abstract

Anesthesiologists perform a broad spectrum of tasks.
However, in many countries, there is no legal basis for
personnel staffing of physicians in anesthesia. Also, the
German diagnosis related groups system for refunding
does not deliver such a basis. Thus, in 2006 a new
calculation base for the personnel requirement that
included an Excel calculation sheet was introduced by the
German Board of Anesthesiologists (BDA) and the German
Society of Anesthesiology and Intensive Care Medicine
(DGAI), and updated in 2009 and 2015. Oriented primarily
to organizational needs, in 2015, BDA/DGAI defined
quantitative and qualitative cornerstones for personnel
requirement of physicians in anesthesia, especially
reflecting recent laws governing physician’s working
conditions and competence in the field of anesthesia, as
well as demands of strengthened legal rights of patients,
patient care and safety. We present a workload-oriented
model, integrating core working hours, shift work or
standby duty, quality of care, efficiency of processes,
legal, educational, controlling, local, organizational and
economic aspects for calculating personnel demands.
Auxiliary tables enable physicians to calculate personnel
demands due to differing employee workload, non-patient
oriented tasks and reimbursement of full-equivalents due
to parental leave, prohibition of employment, or long-
term illness. After 10 years of experience with the first
calculation tool, we report the generalizable key aspects
and items of a necessary calculation tool which may help
physicians to justify realistic workload-oriented personnel
staffing demands in anesthesia. A modular, flexible
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nature of a calculation tool should allow adaption to the
respective legal and organizational demands of different
countries.

Key words: Anesthesia; Service time; Organization; Per-
sonnel requirement; Working time directive; Continuing
medical education; Patient rights; Patient safety
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type of hospital®*. After 10 years of experience with the
first version of this calculation tool focusing on quantitative
personnel demands, the purpose of this paper is to
present generalizable quantitative and qualitative items
and a modular structure for a computerised calculation
tool for widespread use which may help physicians
worldwide to justify realistic workload-oriented personnel
staffing requirements in anesthesia under the scope of
increasingly complex demands.

Core tip: After 10 years of experience with the first
calculation tool, generalizable key aspects and items of an
updated calculation tool are presented to help physicians
to justify realistic workload-oriented personnel staffing
demands in anesthesia. A modular, flexible nature of a
calculation tool allows adaption to the respective legal
and organizational demands of different countries. A
workload-oriented model is presented, integrating core
working hours, shift work or standby duty, quality of care,
efficiency of processes, legal, educational, controlling,
local, organizational and economic aspects. Auxiliary
tables reflect differing employee workload, non-patient
oriented tasks, parental leave, prohibition of employment,
or long-term illness.

Weiss M, Rossaint R, Iber T. Generalizable items of quantitative
and qualitative cornerstones for personnel requirement of
physicians in anesthesia. World J Crit Care Med 2017; 6(2):
91-98 Available from: URL: http://www.wjgnet.com/2220-3141/
full/v6/i2/91.htm DOI: http://dx.doi.org/10.5492/wjccm.v6.i2.91

INTRODUCTION

Anesthesiologists are performing a broad spectrum of
tasks. However, in many countries, there is no legal
basis for personnel staffing of physicians in anesthesia.
Furthermore, taking into account quality of care, it
is necessary to calculate the personnel demand by a
bottom-up method based on the performed procedures
and actions. As in other countries, the German diagnosis
related groups (G-DRG) system for refunding does not
deliver authoritative staffing recommendations and
does not reflect adequately arrangements for staff for
24 h/7 d/365 d a year or aspects of hospitals (central vs
decentralized operating theaters, costs for residents and
for continuing medical education)™. Bearing these aspects
in mind, the working group “personnel management of
German Board of Anesthesiologists (BDA) and German
Society of Anaesthesiology and Intensive Care Medicine
(DGAI)” published in German language a workload-
oriented modular calculation model for personnel staffing
of physicians in anesthesia in 2006 and updates in
2009*! and 2015™. Thereby, the actual-state of personnel
staffing in anesthesia can be compared with the necessary
target-state and allows physician staffing on a workload
basis. Due to the modular structure, the BDA/DGAI tool
enables an individualised systematic analysis for every
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WORKPLACE RELATED PERFORMANCES

Basis of calculation is the orientation on the organization of
the Department of Anesthesia. Workplace (in the operating
theater) and non-workplace related anesthesiological per-
formances are differentiated. The electronic Excel tool is
based on the standards defined in the key issue regarding
respective personnel physician staffing of anesthesiological
procedures defined by BDA/DGAI™.

Example of a calculation tool

Supplementary Tables 1-8 provide an example for an
Excel based personnel staffing tool. Relevant calculated
data are automatically transferred to the respective
next calculation sheets. All input fields are marked
in a specific color, e.g., in white. Calculation and text
fields are protected by a field protection not allowing
inadvertant calculation mistakes and changes. The
personnel staffing tool is built up modularly to reflect
the individual demand of distinct hospitals. The different
calculation sheets are divided into calculation tools and
assistant tools. Checklists containing the respective
data facilitate the collection of the relevant data before
starting with the calculations. The physician staffing tool
of BDA/DGAI includes two data checklists [one for the
calculation tables (Supplementary Table 1) and one for
the auxiliary tables (Supplementary Table 5)], three
calculation tables for fulltime equivalents (Supplementary
Tables 2-4), and three auxiliary tables (Supplementary
Tables 6-8). Calculation tables cover (1) workplace
related performances (Supplementary Table 2); (2) non-
workplace related performances (Supplementary Table
3); and (3) summary calculation (Supplementary Table
4). Auxiliary tables reflect calculation of personnel staffing
regarding the following questions: (1) How can I calculate
the annual demand with work-fellows with different
annual working times (Supplementary Table 6)? (2) How
much time and, thus, personnel do I need for the non-
patient related performances (Supplementary Table 7)?
and (3) How much reimbursement of full-equivalents due
to parental leave, prohibition of employment, or long-
term illness do I require (Supplementary Table 8)? For
better understanding, we filled the tables with a sample
of a virtual hospital.

WORKPLACE RELATED PERFORMANCES

Checklist for relevant data
Checklists regarding the data relevant for calculation of
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full-time equivalents are helpful for collecting the data
necessary for personnel calculation tools. Supplementary
Table 1 represents such indispensable data for calculations
regarding: (1) workplace related performances (required
for Supplementary Table 2); (2) non-workplace related
performances (Supplementary Table 3); as well as (3)
total calculation (Supplementary Table 4). After gathering
the relevant data for the calculation sheets, the respective
data can be filled in the input fields (marked in white color
in Supplementary Tables 2-4).

Calculation of workplace related performances

For better understanding, we filled Supplementary Table
2 with numbers as a sample, and discuss the background
in the following. The first lines serve to find out the gross
annual working time per full-time equivalent. To result in
the net annual working time, festive seasons and holiday
seasons have to be taken into account. Rest allowance
reflects holidays and average iliness, and have to be
defined as percentage of gross annual working time.

The following lines deal with the daily personnel
demand due to the company organization of an Anesthesia
Department. Workplace related performances reflect
operating theater or an otherwise defined workplace (WP)
in shift duty. The rationale in behind is that in every place
where an anesthesiological workplace runs regularly, also
the attendance of at least one anesthesiologist is demanded
by German law, since it is not allowed that supervised
nurses are preforming anesthesia by themselves. For
these kinds of anesthesiological performances, workplace
method puts itself forward for calculation of personnel
staffing. The latter also include remote locations, i.e.,
anesthesiological workplaces, not allocated to an operating
theater [e.g., angiography, computed tomography (CT),
MRT, interventional radiology, cardiac catheter laboratory,
radiation, endoscopy]. The basic time module of the
calculation is a single-shift opening of a workplace. More-
over, senior physicians/specialist per a defined number of
workplaces can be calculated for supervision/coordination.

Single-shift opening time of a workplace

Workplace opening times are defined according to
the standard working hours. Underlying core working
hours of full-time equivalents (FE) per week of 40 h for
instance, daily workplace opening hours of 8 h reflect
480 min. Accordingly, workplace opening hours of 450
and 540 min result from core working hours of 38.5 and
42 h, respectively. Out of the workplace opening hours,
the real time of operating can be derived. Underlying
480 min of daily workplace opening time minus 60 min
workplace-related make-ready time, 420 min of real
time for operating remain. This calculation can be used
in different labor agreement areas or in labor agreement
areas with various core working hours per week, if the
cumulative annual net working time of the employee
and not the daily core working time are considered. This
calculation is possible also, if the anesthesia workplace
runs single, one and a half, or double shift.
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One and a half shift and two-shift opening times of a
workplace

One and a half shift and two-shift opening times of a
workplace have to take into account time for overlap
considering end of surgery/intervention and staff-related
make-ready times of the following shift. Therefore, one
has to carefully look at the amount of personnel necessary
for lunch break due to the act on working hours, how
one shift ends up with their tasks including make-ready
time and handing over time regarding employees and
workplace, and the new shift starts their tasks.

Remote locations

Remote locations imply singular anesthesia workplace,
not being placed in an operating theater, which runs
recurrently (e.g., angiography, CT, MRT, interventional
radiology, cardiac catheter laboratory, radiation, endo-
scopy). Regarding process optimization, the ultimate
organizational principle is to limit the number of simul-
taneously running remote locations and to organize them
on a daily basis.

The following has to be scheduled per day and work-
place: n = number of anesthesia workplaces; h = units of
anesthesia time in minutes or hours place and course of
events of the particular remote locations. Further details
are determined by the company organization and cannot
be specified in a universal model, however should be
described orienting, only. It is essential that change of
location (with substantial expenditure of time) and, thus,
resulting transit times, are deposited in a documentation
system or payment is given in lieu of anesthesia time
per extra charge. A second essential organizational
principle is that remote locations are running during core
working times. To arrange for manpower of staff for
patients with vital hazards, such as emergency trauma
room, emergency caesarean section (call to cut time:
20 min!) outside the operating theater as well as cases
of emergency and cardiac resuscitation duty have to
be considered regarding numbers and time to spend.
Thereby, additional staff can be calculated (Supplementary
Table 3).

This way of calculation is very conservative, especially
in case of decentralized structures regarding the locations
of performances, and acceptable only, if emergencies
occur only seldom during core time and during on call
duty hours. Physician staffing in emergency ambulance
or helicopter should be calculated separately and with
one full-time equivalent per 8 h.

Integration of workplace related performances
Differentiated calculation of personnel staffing workplace
related performances can be enabled regarding core
working hours, on-call duty hours, shift duty and in-
house duty as displayed in Supplementary Table 2.

Supervision/coordination
Supplementary Table 2 also allows to state how many
qualified employees (senior physician/specialist) become

May 4, 2017 | Volume 6 | Issue 2 |



Weiss M et al. Physician staffing in anesthesia

necessary for supervision/coordination depending on
the number of within and outside core working hours
simultaneously running workplaces. For example, in Ger-
many, BDA/DGAI stated one senior physician/specialist
for 7 simultaneously running center workplaces, one
senior physician/specialist for 3 simultaneously running
decentralized workplaces, and one senior physician/
specialist for 2 simultaneously running cardiac surgery
workplaces. It is important to acknowledge that in
Germany anesthesiology residents are working alone in an
OR mostly after 1-8 wk after starting their residency only
supervised by consultants.

In Germany, jurisdiction demands that a patient is
entitled to claim specialist standard care during core
working hours as well as on-call duty, i.e., medical care
with regard to the medical specialist standard of an
experienced physician®’. If anesthesia is performed by
non medical specialists, if medical specialist standard
is not ensured qualitatively, an experienced physician
has to be available at all times in visual and/or at least
in hearing contact™. Independent of medical aspects it
remains valid that the specialist per se is not the measure
of all things but a quality of care, which in the concrete
situation matches that of an experienced physician, thus,
residents, as long as not safeguarding quality of care in
the concrete situation require surveillance, guidance and
supervision by an experienced specialist. Taken together,
in daily practice, one anesthesiologist per workplace is
definitely not enough. To a greater degree, an auxiliary
physician, even without function of supervision, is in-
dispensable for temporary iatric assistance in difficult
cases, management of complications, in postanesthesia
care unit, iatric demission from the postanesthesia care
unit, documentation and interdisciplinary coordination.
Regarding the latter points, BDA/DGAI considered for a
domain-specific care of patients at least one experienced
senior physician or specialist for seven working places
per shift as mandatory. In decentralized or interventional
areas, this additional senior physician/specialist position
may be needful even per two, three or four anesthesia
working places. These numbers should be regarded as
minimal standards, which may even not be sufficient in
hospitals with maximal medical coverage and critically il
patients. In the cardiac surgery area, due to evermore
comorbidity, complexity of interventions and perioperative
monitoring (e.g., transesophageal echocardiography,
TEE), BDA/DGAI advised one senior physician per
two workplaces per shift as prerequisite, even, if the
workplaces are staffed with specialists. These preceding
quality features and criteria for personnel staffing have to
be ensured not only on weekdays and core working hours,
but also during on call duty, late or night shifts, as well as
on weekends and public holidays by the stakeholders of
the hospitals™”. Underlying the number of daily running
anesthesia workplaces (operating theater including
decentralized workplaces) and the respective workplace
opening hours, the cumulative annual workplace opening
hours can be invoiced. By dividing this annual sum of
hours with the net annual working time of a full-time
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equivalent (around 1700 h with 42 core working hours
per week), the number of full-time equivalents for these
workplace-related performances can be calculated.

On-call duty

In one sheet of the calculation tool (Supplementary
Table 2), annual demand of personnel regarding on-call
duty can be determined for Monday till Thursday, Friday,
Saturday and Sunday, as afforded due to the respective
legal and collective bargaining agreements in different
countries. Basically, time exposure for on-call duties has
to be considered. Due to administration of justice by
the European Court of Justice, confessing on-call duty
in a hospital as working time™, the following items are
in effect by Working Time Act since January 1% 2007:
(1) workaday working time including on-call duty and
rest can be extended to maximally 24 h on the basis of
collective bargaining agreements; (2) by no later than
24 h of daily working time an unbroken rest period of
at least 11 h is to grant principally; (3) average weekly
working time is not allowed to exceed 48 h within the
legally (six calendar months) or by collective bargaining
agreements (one year) fixed compensation period; and
(4) only, if collective bargaining agreements allow, with
individual consent of the employee, weekly working
time can be extended to more than 48 h.

Shift duty

A calculation tool (Supplementary Table 2) can also reflect
personnel staffing on the basis of a company organization
in shift duty resulting in net annual working hours’
demand. The respective legal working regulations have to
be taken into account, e.g., 12.75 h/d at maximum in shift
work with at maximum 48 h/wk with standby duty of 54 h
at maximum per week in Germany or European countries.
For this purpose, a tool differentiating the underlying shift
time model is helpful, e.g., early, late and night shift in a
3-shift model.

In-house duty

Since a universal tool cannot reflect all possible company
organizational aspects, a modular calculation tool is
helpful, which allows representation of specialized in-
house duties.

When all the relevant white fields in Supplementary
Table 2 for a distinct hospital are filled with the res-
pective data, staff requirement/week and year in hours
are summed up and full-time equivalents/year are
displayed for the workplace related performances. Real
annual personnel demand in hours can be converted to
annual full-time equivalents in that the sum of annual
hours is divided through the net annual working time
hours of an employee.

The presented Supplementary Table 2 reflects the
quality of care demanded by the law of the patients rights
and jurisdiction, and, thus, contributes to patient safety.
In Germany, in 2013, the patients right law § 630a Abs.
2 BGB"! came into effect. Thereby, jurisdiction demands
that a patient is entitled to claim specialist standard
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care during core working hours as well as on-call duty,
i.e., medical care with regard to the medical specialist
standard of an experienced physician®. Taken together,
under the aspect of patient quality and safety, personnel
staffing is more and more defined by jurisdiction. Thus,
the patient is eligible for care due to commonly accepted
state of medical science, defined by the respective
medical scientific specialist societies. In this regard, in
March 2015, the BDA and DGAI published quantitative
and qualitative professionally quality standards regarding
respective personnel physician staffing for the anesthesia
workplace and for non-workplace regarded procedures'.
These standards match the quality of care demanded by
the law of the patients rights and jurisdiction. Thereby,
these standards serve the patient safety.

NON-WORKPLACE RELATED
PERFORMANCES

Checklist for relevant data

Supplementary Table 1 shows indispensable data for
calculations regarding non-workplace related perfor-
mances.

Calculation of non-workplace related performances
Non-workplace related performances (NWPRP) are listed
in Supplementary Table 3. The respective background
is discussed in the following. NWPRP are those not
primarily bound to an operating theater or a firmly defined
working place. Typical NWPRP and standard times are
listed in Supplementary Tables 1 and 3. All performances
have to be mapped via defined standard times or real
performance documentations. The respective data can
be filled in the input fields (marked in white color) and
compared with the suggested standard times.
Consecutively, in the different groups of NWPRP, real
annual personnel demand can be converted to annual
full-time equivalents (sum of the annual NWPRP in hours
divided through net annual working time hours of em-

ployee).

Pre-anesthetic assessment

The evaluation of a patient before anesthesia with le-
gally effective informed consent, for surgery or other
therapeutic and/or diagnostic interventions, is one of the
most important and inalienable characteristics of modern
anesthesia, to minimize risks for patients™***, Medical
history, physical examination, critically compilation and
evaluation of results at hand are followed by an adequate
and the individual risk profile considering medical and
legally acceptable information according to patients right
law". This should include procedures and proceedings,
risks, alternatives and their risks as well as written
documentation and legally effective informed consent in
planned procedurest***®, Ordinarily, the latter one has
to be performed personally and directly between patient
and physician and/or his representative. Time exposure
for these tasks can vary greatly, and in case of huge
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demand of information and efforts to throw light on the
procedures by the patient, may range from 10 min up
to more than 60 min. Regarding personnel staffing, in
the context of anesthesiologist’s consultations, basically,
an average time exposure exists of at least 25 min per
patient (item 1 in Supplementary Table 3). Consultation
of an anesthesiologist outside a pre-assessment clinic
has to add transit time, e.g., 10 min. Furthermore,
compensation of supervision by senior physicians has
to be considered regarding domain-specific deficits of
residents or physicians lacking knowledge of specialized
procedures.

Moreover, time exposure has to be considered re-
garding hemotherapeutic actions to be taken, department
specific performances, obstetric peridural catheters and
emergencies, transportation support, emergency room, in-
house emergency calls and resuscitation services, acute
pain duties, postanesthesia care unit and holding area, and
overlapping initiation of anesthesia.

Performance and/or case related double staffing

In several procedures, double staffing is indispensable to
ensure patient safety and adequate medical care (item 19
in Supplementary Table 3). BDA/DGAI recently stated that
double staffing should be performed in neonatal and infant
surgery (up to 12 mo), sectio caesarea if neonatal care is
provided by the anesthesiologist, transplantation of solid
organs (liver, heart, lung, pancreas), surgery/interventional
care of aortic dissection/aneurysm, aortic arch reparation,
patients with/for implantation of cardiac assist systems,
medical care of multiple trauma patients, transport/
interventions (incl. image diagnostics) of patients with
multiple organ dysfunctions, craniotomy in seated position,
and neurophysiological monitoring by anesthesiologist™.
These double staffing has to be performed within core
working time and during on-call duty, also. For example,
the key issue paper of the German Society for Cardiology
demands as quality criterion for the performance of
transvalvular implantations of aortic valves (TAVI) the
integration of at least two anesthesiologists with at
least one-year-long experience in anesthesia of TAVI
procedures and cardiosurgery in the cardiac-team™®.
Moreover, anesthesia on call should be available after
TAVI for at least 24 h being ready to start within less
than 30 min. In January 2015, the German Federal Joint
Committee agreed in a guiding principle on the respective
structural, personal and professionally qualified demands
regarding the performance of minimal invasive heart valve
interventions under the aspect of quality protection™*?..

Postoperative medical round

Postoperative medical rounds unequivocally contribute
to quality assurance'®®, Postoperative measurement of
arterial oxygen saturation can identify patients with poor
prognosis and those requiring intensive care medicine!***,
Moreover, postoperative medical rounds focus on diagnosis
and treatment of postoperative nausea and vomiting
(PONV)! paint®, anesthesia-related complications
as well as control and removal of catheters applied and
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intended for regional anesthesia (peridural and peripheral
nerve catheters)®*, e.g., postoperative medical rounds
can be calculated with at least 10 min per case with a
transit time of 5 min in addition, thus, 15 min in total
(item 21 in Supplementary Table 3). Again, compensation
of supervision by senior physicians has to be considered
regarding domain-specific deficits of residents or
physicians lacking knowledge of specialized procedures.
One should take in mind respective regulatory aspects.
E.g., in some countries, refunding of acute postoperative
pain therapy demands at least two medical rounds per
day per case.

SUMMARY CALCULATION

Summary calculation of full-time employees per year
can be calculated by summing up annual hours for
workplace (Supplementary Table 2) and non-workplace
(Supplementary Table 3) related performances (auto-
matically transferred to Supplementary Table 4), supple-
mented with double staffing for first-time employees,
compensation for residents, demands of use up overtime
without pay contingents, compensation for pregnant
employees, and time demand for continuing medical
education, administrative provisions and management
tasks (Supplementary Table 4).

Excess and overtime hours

In many hospitals, excess and overtime hours are carried
out to yield the annual workload. Regarding excess
hours, generally, defined by law, employees cannot be
required or allowed to work more than 8 h in a day (or
the number of hours in their regular work day if that is
longer than 8 h) unless they or their union have agreed
in writing that they will work up to a specified humber
of additional hours in a day. The approval is not required
if the weekly limit of 48 h is not exceeded. In Germany,
by law, excess hours beyond the regular 8 h in a day are
limited to 2 h in a day (at maximum 60 weekly hours
in a 6 d week), if within 6 calendar months or 24 wk in
average 8 h in a day are worked. Overtime hours include
work performed by an employee in excess of a basic
workday (typically 8 h a day, 5 d a week) as defined by
company rules, job contract, statute, or union (collective)
agreement. The European Court of Justice declared that
on-call duty with presence at the working place has to
be regarded as working time in the sense of directive
2003/88/EG™, e.g., being in effect by Working Time
Act in Germany since January 1% 2007. Thereby, on-call
duty accounts for working time, which principally is not
allowed to exceed 48 h in a week. By special regulations
(in Germany so-called “opt-out”), labor agreements
allow, with individual consent of the employee, the
extension of the weekly working time to more than 48 h.

Demand of double staffing for first-time employees
within first 3 mo

Double staffing for employees within the first 3 mo
of residency is mandatory, since they cannot ensure
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adequate performance and patient safety within their
first months of residency. Adequate initial training has
been shown to improve process times™®.. These three
months include briefing regarding medical devices due
to the Medical Devices Act. Additional time expenditure
has to be calculated for later briefings in medical
devices, instruction into new devices, initial training in
specialized domains or upgrade of training events. The
minimum relation of coaches and trainees is 0.2.

Specialized and medicolegal demands regarding
residents

Increasing demands by the patients right law and
jurisdiction as well as specialized compensation of deficits
due to not finalized residency requires, e.g., as stated by
BDA/DGAI in Germany, one senior physician/specialist
per three working places settled with residents, i.e., 0.33
full-time equivalents per resident (Supplementary Table
4). This ratio may even be higher in remote locations.
More and more elderly patients with profoundly greater
comorbidity and multimorbidity are operated®®. Incre-
mental complexity of interventions, ultrasound techniques
as standard in regional anesthesia and sophisticated
monitoring methods, the respective initial, advanced and
continuing training as well as escalating supervision and
teaching effort have not been adequately incorporated
in previous personnel staffing calculations. However,
these aspects have to be considered regarding at least
necessary quality of patient care and safety. Nowadays,
residents expect during and after their postgraduate
training authoritative curricula regarding structured
continuing medical education, specialist initial skill adaption
training and advanced training as well as frequent dialog
regarding feedback, advancement and targets™”.

Students in internship (in Germany called “practical
year”)

BDA/DGAI indicated one physician in addition per 8
students for teaching of students in the internship (Supple-
mentary Table 4).

Demand of use of overtime without pay contingents

For summary calculation, demands for excess and over-
time hours, additional holidays for alternate shifts, shift
work and night employments, as well as compensation
for pregnant employees have to be considered™®
(Supplementary Table 4). It has to be taken into account
that excess and overtime hours increasingly have to be
compensated in leisure, and, thus, compensated with
additional full-time equivalents. Full-time equivalents
have to be given for temporary leave due to pregnancy
(Matemity Protection Act; 14 wk around delivery, e.g., in
Germany)™ since employers are fully compensated by

policy.

Working time needed for continuing medical education,

administration and regulatory decrees
Demand of time for continuing medical education (Su-
pplementary Table 4) and administrative provisions

May 4, 2017 | Volume 6 | Issue 2 |



(Supplementary Table 7) has to be taken into account.
Time expenditure regarding regulatory decrees include
items such as worker protection, data security, diagnosis
related groups, hygiene, devices, hazardous material,
ordinance on medical devices, quality management, safety
advices for X-rays or transplantation (Supplementary Table
7). Moreover, staff meeting and instructions have to be
considered.

For management tasks (Supplementary Table 4),
regarding organizational issues, such as budget, invest-
ments and staff development, one senior physician per 50
employees has been suggested by BDA/DGAI™. It was
proposed by BDA (DAGI to leave the head of department
regularly out in the cold of the workplace related personnel
calculation due to his multiple administrative tasks. In
relation to the number of full-time equivalents and the
amount of administrative and management tasks, he
should be released from workplace related tasks.

All these items, in total sum up to yield the net
full-time equivalents. Salaried annual equivalents of
employees for on-call duties and excess hours have to
be subtracted to end up with the total number of full-
time equivalents to be staffed minus salaried workload
beyond core working hours (Supplementary Table 4).

AUXILIARY ITEMS

Checklist for auxiliary data

Supplementary Table 5 represents prerequisite data
for calculations regarding auxiliary tables concerning
(1) work-fellows with different annual working times
(Supplementary Table 6); (2) non-patient related tasks
(Supplementary Table 7); and (3) reimbursement of
full-equivalents due to parental leave, prohibition of
employment or long-term illness (Supplementary Table
8). This checklist facilitates filling in auxiliary tables.

Auxiliary table calculation of annual demand of work-
fellows with different annual working times

As demonstrated in Supplementary Table 6, the total
amount of annual hours needed for personnel staffing
can be transferred to an Excel table, in which the amount
of the number of existing work-fellows with different
daily and weekly working hours can be filled in. By
filling in different work-fellows, the missing hours can be
adjusted. Thereby, the amount of missing employees
manifests, and the lack regarding the missing employees
can be filled underlying work-fellows with different annual
working times.

Auxiliary table calculation of non-patient oriented tasks
Supplementary Table 5 reflects the non-patient oriented
tasks, such as leadership and management functions,
working groups, administration, work in committees,
work in projects, teaching and regulatory decrees. By
filling in the annual prospected time in hours, net full-
time equivalents can be quoted in Supplementary
Table 7. These data are not basis for staff calculation
and are not carried over in the summary calculation
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in Supplementary Table 4. However, they facilitate the
argumentation for the calculation of distinct items of the
calculation tool, such as the senior staff member per x
employees (e.g., 50) for management tasks personnel/
planning/budget in the total calculation (Supplementary
Table 4).

Auxiliary table calculation of reimbursement of full-

time equivalents due to parental leave, prohibition of
employment, long-term illness

Due to acts on working hours, increases in percentage
of female physicians with loss of working hours due to
protection of working mothers, paid maternity leave,
take-up of family leave by women as well as by men,
part-time employment®”, as well as altered estimation to
the “work/life balance”, the employment market shifted
from an offering to a request market”®”. Supplementary
Table 8 enables the quoting of full-time equivalents to
compensate the parental leave time, as prohibition of
employment, illness longer than 6 mo, and, thus, to
calculate the respective full-time equivalents needed. In
Germany, e.g., compensation of staff demand is required
regarding parental leave §§ 15-16"Y, Every parent has
the right to take parental leave between months 3-12, as
the case may be between 12 mo the 3™ and 8" birthday
of the child, which increasingly are taken by females and
males. In part-time employment and after time-out of
more than 6 mo, procedures for competence maintenance
and introductory training have to be considered to gua-
rantee quality and patient safety®?.

CONCLUSION

Calculation of personnel staffing in anesthesia departments
has to be oriented on basic, up to date, specialized and
legal demands as well as actual medical and medicolegal
quality and patient safety oriented guidelines. Calculation
tools such as the presented one may help to calculate
the staff to meet these requirements. The present paper
does not reflect personnel staffing of intensive care and
intermediate care medicine, emergency medicine, chronic
pain as well as palliative medicine. Regarding intensive
care medicine, a calculation tool and guidelines have been
published reflecting specific items in this setting™*>*,
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Abstract

Geriatric trauma constitutes an increasingly recognized
problem. Aging results in a progressive decline in cellular
function which leads to a loose of their capacity to
respond to injury. Some medications commonly used
in this population can mask or blunt the response to
injury. Falls constitute the most common cause of trauma
and the leading cause of trauma-related deaths in this
population. Falls are complicated by the widespread
use of antiplatelets and anticoagulants, especially in
patients with brain injury. Under-triage is common in
this population. Evaluation of frailty could be helpful to
solve this issue. Appropriate triaging and early aggressive
management with correction of coagulopathy can improve
outcome. Limitation of care and palliative measures must
be considered in cases with a clear likelihood of poor
prognosis.

Key words: Geriatric trauma; Elderly patients; Severe
trauma; Triage; Outcome

© The Author(s) 2017. Published by Baishideng Publishing
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Core tip: Geriatric trauma constitutes an increasing
problem. These patients have a limited response to injury.
Falls constitute the most relevant mechanism of injury.
Specific problems in this population include frailty, under-
triage and the combination of traumatic brain injury and
use of anticoagulants. Early aggressive treatment and
palliative care in cases with a clear likelihood of poor
prognosis must be considered.

Llompart-Pou JA, Pérez-Barcena J, Chico-Fernandez M,
Sanchez-Casado M, Raurich JM. Severe trauma in the geriatric
population. World J Crit Care Med 2017; 6(2): 99-106 Available
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INTRODUCTION

In spite that different cutoff levels have been suggested,
65 years represents the most commonly accepted age
to consider a patient as an elderly or geriatric patient™?.
In the following years, it is expected that people over
65 years will represent up to one-fifth of the world
population™* and almost 39% of trauma admissions by
2050™, This will constitute a major problem worldwide,
but especially in developed countries with higher life
expectancy.

Geriatric trauma constitutes an increasingly reco-
gnized problem™™*, Although the number of articles
dealing with this topic showed a 6-fold increase in the
last 25 years™, the optimal management of these
patients remains to be determined. A specific ad-hoc
Geriatric Trauma Committee was constituted by the
American Association for the Surgery of Trauma'®. In
summary, participants concluded: Geriatric trauma was
an increasing problem with increased secondary hospital
admissions; elderly trauma patients were usually un-
der-triaged; outcome was better when patients were
admitted in higher level trauma centers!?.,

Trauma patients aged > 65 years present different
comorbidities that imply a higher risk of death and
severe disability’, in spite of having similar severity
scores that younger patients®”). Hospital costs are
also increased, even in low-energy traumas'™. In our
environment, patients aged > 65 years represent up
to 20% of trauma patients admitted to intensive care
units®®. Therefore, specific skills and an evidence-based
approach in the management of this population are
required.

In this review we will focus on the characteristics of
elderly patients, the mechanisms of injury, the areas of
controversy and specific strategies to improve outcome.

PHYSIOLOGICAL CONSIDERATIONS AND
EFFECT OF MEDICATIONS

Aging results in a progressive decline in cellular function
which leads to a loose of their capacity to respond to
injury™. Impaired adaptive and homeostatic mechanisms
are associated to a diminished physiological reserve!
and, therefore, an impaired response to a physical
insult™®!, In addition, comorbidities are commonly asso-
ciated with an increased use of medical treatments that
can also affect the response to injury™>*.
Specifically, the following conditions are presen

t[l'4'10]

Brain

Elderly patients are more likely to present baseline
neurologic deficits, such as dementia, stroke, hearing
and visual loss and less pain reporting™*, All of this
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results in gait instability and therefore, in patients
prone to low-energy or ground-level falls. Additionally,
the use of some medications such as antipsychotic or
antidopaminergics can mask symptoms and precipitate
falls™,

Cardiovascular

Most elderly patients can present hypertension, cardio-
vascular disease and impaired sensitivity to catecholamines.
In addition, they are receiving chronic medications that
can affect hear rate and blood pressure!**, blunting the
response to injury in hemodynamically compromised
patients™.

Respiratory

Respiratory function is compromised in elderly patients
through different mechanisms, such as decreased functional
residual capacity, impaired mucociliary cearance of bacteria
and reduced cough and reduction in compliance™*. These
factors result in increased work of breathing and a higher
risk of respiratory failure and need of mechanical ventilation,
ventilator associated pneumonia and intensive care unit
stay*!l, Steroids, usually administered in patients with
chronic obstructive pulmonary disease can affect wound
healing, induce adrenal impairment and have deleterious
effects in patients with traumatic brain injury"™*%.

Kidney

There is a fall in glomerular filtration rate and renal
tubular function in elderly patients, limiting the ability
to tolerate large-volume resuscitation™. Additionally,
patients with low glomerular filtration rate are prone to
develop contrast induced nephropathy™.

Skeletal

These patients usually present osteoporosis*!. Osteo-
porosis and tendency to fall increase the incidence of hip
fractures, which is the most common cause of traumatic
injury in elderly patients, mainly in women™. Aging bones
are more easily fractured with minor traumat'®,

Coagulation: Elderly patients are usually taking anti-
platelets or anticoagulants which clearly can affect outcome,
espedially in patients with traumatic brain injury®>*”\. The
widespread use of novel anticoagulants might complicate
the management and outcome in this setting™>**.,

MECHANISMS OF INJURY

A recent study showed a linear association between
different patterns and intensity of injury and aging”. As
age increased, low-energy traumas complicated with
the use of antiplatelets and anticoagulants were more
prevalent, as well as being run-over. High-energy traumas,
such as motor vehicle collision under the abuse of toxic
substances were less frequent as age increased!”.

Falls
Constitute the most common cause of trauma and
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the leading cause of trauma-related deaths, even in
low-energy cases™?!. The morbidity and mortality se-
ems correlated with frailty™' and age constitutes the
strongest, but not unique, predictor of mortality™. A
recent systematic review identified six risk factors ap-
pearing in more than one study that could be used to
predict falls in the geriatric population: Previous fall, living
alone, walking aid, depression, cognitive deficit and use
of > 6 medications®.

Motor vehicle collision

This mechanism accounts for up to one-quarter of pa-
tients with geriatric trauma'!, with 26.8% in the 66-75
years group and 14.4% in patients older than 75 years”.
Elderly patients are more likely to present severe injuries
caused by low speed vehicles and have a doubled
mortality rate than younger counterparts™*?,

Blunt vs penetrating trauma

Elderly patients usually undergone blunt rather than
penetrating trauma, which accounts for less than 5% of
the cases”'"). Most of the cases of penetrating trauma
rely on self-inflicted injuries mediated by chronic illness
and depression.

CLINICAL FEATURES

In brain injured patients, aging is strongly associated to
significant epidural or subdural hematomas even when
presenting with mild symptoms™®. In this setting, the
Glasgow Coma Scale is an unreliable clinical tool, and
the repeated use of computed tomography of the head
becomes essential to rule out increased intracranial
pressure™, When anticoagulants are used there should
be a low threshold to repeat brain imaging, even in cases
without any clinical neurologic change™ ., If the elderly
patient with traumatic brain injury is taking warfarin,
there is a significantly increased risk of fatal intracranial
hemorrhage. Therefore, such patients benefit from rapid
correction™?,

Elderly patients are at a significantly increased risk
of high cervical spinal cord injuries (C1-C2) as a result
of degenerative changes and stiffening of the lower
cervical spine®®”. In this scenario, early spinal evaluation
and appropriate spine immobilization are of paramount
importance to avoid secondary devastating injuries.

Chest trauma is most likely to be blunt and secondary
to motor vehicle accidents. It carries a significant risk of
morbidity, even in patients with isolated rib fractures®®!l,
The risk of mortality after a rib fracture is proportional
to the number of fractured ribs and may serve as a
predictor of trauma severity and risk of complications®®?..
The most common complications include pneumonia
and pulmonary contusions®!. Pneumonia following a
rib fracture can be a devastating complication in these
patients with limited respiratory function. It is essential
to aggressively manage rib fractures, including, when
indicated, optimized analgesia and epidural anesthesia
and/or rib fixation for pain control'®>.
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Abdominal trauma has similar characteristics in
elderly patients than in younger counterparts, but its
management is controversial in elderly patients. A
conservative approach can be used, but elderly patients
seem to fall to a non-operative management more
frequently than younger patients*. However, risk
must be well-balanced since mortality after laparotomy
increases with age and higher lactate levels. In this
scenario, a recently developed geriatric emergency
surgery score using 5 clinical variables could be helpful
in predicting 1-year mortality and assist in preoperative
counseling™!, However, this score has to be specifically
validated in elderly trauma patients yet.

Pelvic fractures in the elderly have a higher incidence
of complications and mortality than in the younger po-
pulation. Specifically, the pattern of injury is different
with a higher incidence of lateral compression fractures,
which are associated to secondary bleeding requiring
angiography for bleeding control®”. Therefore, these
patients should be promptly treated, since associated
mortality is high®®”. In patients with initially stable pelvic
fractures, advanced age along with injury severity,
mental status, prolonged mechanical ventilation, and/or
in-hospital blood product administration were predictors
of mortality™®.

Osteoporosis is the main contributor factor to skeletal
injuries in elderly trauma patients, especially in women.
Fractures in the geriatric population are associated to a
high morbidity and mortality and diminished quality of
life®, Forearm and hip fractures are the most common™.,
Elderly patients have a high mortality following a hip
fracture. It is mandatory that these patients receive coo-
rdinated care including early surgical repair balanced
with medical optimization and appropriate rehabilitation.
Evidence suggests that a dedicated orthogeriatric team
approach to these patients may improve functional
outcomes, but its effects on mortality are not clear”®**".

SPECIFIC AREAS OF INTEREST AND
POTENTIAL STRATEGIES TO IMPROVE
OUTCOME

Under-triage

Consensus exists that elderly trauma patients are
usually under-triaged to trauma centerst**%, Different
underlying causes have been described, such as low-
energy mechanisms of injury, unconscious age bias,
unreliability of vital signs, the use of medications that
can blunt the physiologic response to injury and, until
recently, the lack of specific triaging scorest*°*4, This
is especially surprising if we take into consideration that
age itself is a strong determinant of higher mortality in
trauma patients”’ and that when aggressive treatment
is initiated, the outcome difference between younger
and older patients decreases™. Elderly patients
have a decreased mortality if they are transferred to
trauma centers with a high volume of elderly trauma
patients®*. To solve under-triage, different authors
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suggested advanced age to be the sole criteria for referral
to level I trauma centers and activation of the trauma
team in the presence of traumatic injuries, since this led
to reduced odds of mortality when controlling for severity
in before-and-after studies'®**®. Taking into consideration
the evidence available, under-triaging of elderly trauma
patients can be considered as a form of ageism.

Another potential strategy is the use of alternative
parameters for triage purposes, since conventional
scores, the Revised Trauma Score and the Injury Seve-
rity Score did not perform well in this population. To
this purpose, different alternatives such as a different
cutoff for systolic blood pressure in 110 mmHg (due to
the high percentage of patients with hypertension in
this population)®”, as well as the values of the shock
index, modified shock index and age shock index!*®*!
were analyzed with improved but not optimal results.
Specific geriatric criteria could increase the sensitivity
in identifying the need of a trauma center*”, but
with limited impact of the number of elderly patients
transferred to trauma centers and mortality'*"*?. The
recently developed Geriatric Trauma Outcome Score!*?,
which uses the values of Age, Injury Severity Score
and the need of transfusion in the initial 24 h in a
dichotomized form can be of outstanding interest for
establishing the odds of mortality, but of limited interest
for triaging purposes.

Frailty

Age itself could not be an accurate indicator of the ability
of the elderly patient to respond to injury. In addition, as
previously explained, traditional vital signs and severity
scores do not perform well in this specific population.
Here the concept of frailty arose. Frailty syndrome is
considered as decreased physiologic reserve in multiple
organ systems which leads to an impaired ability to
withstand physiological stress®l, Therefore, frail patients
are at a higher risk for a variety poor outcomes following
injury™,

Among the different tools developed, the most
interesting is the Trauma-specific Frailty Index. This
modified 15-component scale was validated in 200
patients and was useful in planning discharge disposition
of elderly trauma patients'™'. In a follow-up study with
250 patients with median Injury Severity Score 15 and
mean age 77.9 years, forty-four percent of the patients
had frailty. These patients were more likely to have in-
hospital complications and adverse discharge disposition.
All patients who died had frailty™**. This index was also
superior to traditional signs or scores™®. It is therefore
reasonable that the use of this index may help in pla-
nning the process of care of geriatric trauma patients.

Traumatic brain injury and anticoagulation

In patients with traumatic brain injury, there is a clear
relationship between age and mortality and poor
outcomes. One meta-analysis of 5600 severe head-
injured patients confirmed the strength of this association,
expressed as an odds ratio per 10 years of age of 1.39
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(95%CI: 1.3-1.5) for death and 1.46 (95%CI: 1.36-1.56)
for unfavorable outcomes in multivariable analyses,
reaching 6-mo mortality 72% in patients aged > 65
years’), In a more recent report, elderly patients with
moderate to severe brain injury had an overall in-hospital
mortality rate approaching 30%. Most interestingly, no
patient with an admission Glasgow Coma Scale score
less than 9 had good outcomes; the mortality for that
subgroup was 80%“*®\. Therefore, concerns about futility
arise in this setting.

This picture is complicated by the common use of
anticoagulants in elderly patients”. Anticoagulants are
commonly used in elderly patients to reduce the risk
of potential stroke, but this potential benefit must be
weighed against the risk of falls with potentially fatal
bleeds!***, Anticoagulant use was associated with
progression of known intracranial hemorrhage as well as
the development of new foci of hemorrhage on repeated
head computed tomography™”. In this scenario, the use
of the CHADS scores could be helpful to distinguish which
patients at risk of falls clearly benefit from antiplatelets
or anticoagulants®". In recent years, new anticoagulants
have been developed, which are replacing vitamin K
antagonists™. More elderly patients face severe trauma
under these new anticoagulants'*. Until recently, specific
antidotes were not developed, and urgent treatment
was limited to general measures and different doses of
prothrombin complex concentrate, activated prothrombin
complex concentrate or even recombinant factor VIa'**%.
All these measures had variable and limited support
of clinical evidence®. Currently, a specific antidote
for direct thrombin inhibitors (dabigatran) is available,
idarucizumab, which is a Fab fragment of a monoclonal
antibody. In the case of FXa inhibitors (apixaban,
edoxaban, rivaroxaban) it has been recently developed
the andexanet alfa, a recombinant, modified human
factor Xa decoy protein that binds factor Xa inhibitors but
does not have intrinsic catalytic activity™***. However,
these agents have not been extensively evaluated in
trauma patients. Fortunately, and contrary to initially
expected, large recently published series showed that
trauma patients under new anticoagulants had a better
outcome than those anticoagulated with vitamin K
antagonists™***!, This controversy highlights the need
of specific screening protocols for coagulopathy in this
setting.

CAN WE PREDICT OUTCOME?

The Eastern Association for the Surgery of Trauma
published in 2012 their guidelines for the management
of elderly trauma patients, concluding that evidence-
based care of this population requires aggressive triage,
correction of coagulopathy and limitation of care when
clinical evidence suggests a clear likelihood of poor
prognosis®™®. This implies treating aggressively patients
with limited physiological reserve and uncertain outcome.
In this context, several tools to predict morbidity and
outcome have been developed and can help to make the
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right decision.

Min et al*” recently developed a simple clinical risk
normogram to predict mortality-associated geriatric
complications in elderly patients using a secondary
analysis of the National Trauma Data Bank. They found
that elderly patients had complicated and unfavorable
clinical courses compared with younger patients if
they developed pneumonia, abscess, wound infection,
empyema, urinary tract infection, bacteremia, aspiration
pneumonia, failure of reduction/fixation, pressure ulcer,
deep venous thrombosis, pneumothorax, pulmonary
embolism or compartment syndrome®™”). A recent
systematic review identified increasing age (those aged
> 74 years), increasing severity of injury and low systolic
blood pressure as independent predictors of mortality™®.
As detailed above, the Geriatric trauma Outcome Score
can be helpful to predict in-hospital mortality with good
results™. Its performance is even better when patients
with care restrictions are excluded. However, it has a
poor ability to predict 1-year mortality™?.

Given these limitations, the frailty index!*>**®! can
be of interest to predict which patients are at highest
risk of having poor outcomes and then require focused
interventions. Joseph et al®® recently showed that
frail patients were more likely to develop in-hospital
complications (non-frail: 12%, pre-frail: 17.4%, and
frail: 33.4%, P = 0.02) and an adverse discharge
disposition. The Edmonton frail scale, which has a
great interest in the general population, has not been
extensively evaluated in elderly trauma patients except
in postoperative state after hip fracture®". More interest
raised other markers of frailty, such as sarcopenia and
osteopenia, that were found to be associated with 1-year
mortality in elderly trauma patients'®”. A dichotomy
approach of responding vs non-responding at 72 h after
intensive treatment could identify patients with higher in-
hospital mortality and was associated with differences in
end-of-life decision making™®”’.

POSTACUTE CARE AND PALLIATIVE
CARE

Despite aggressive treatment, more than 60% of elderly
trauma patients who survive are ultimately discharged
to different types of facilities, including skilled nursing
facilities, assisted living or long-term rehabilitation
care®*®®, To determine which type of facility may be of
benefit for these patients is challenging and remains to
be elucidated™®. An appropriate management of these
facilities is essential for optimal transfers and prevention
of readmissions!®®.,

In cases with a clear likelihood of poor prognosis
despite aggressive initial treatment, especially in tho-
se patients aged > 74 years old and with non-res-
ponding traumatic brain injury, palliative care must be
considered™. Limitation of care plays an important
role in the high in-hospital mortality of elderly trauma
ICU patients in our environment”’, so a comprehensive
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approach fulfilling patient needs and comfort is war-
ranted'®®”), Future investigations may deepen in this
approach and in the quality of life rather than in-hospital
mortality for evaluating outcome in elderly trauma
patients'®®®, Returning to their baseline quality of life
is difficult in these patients, even in relatively minor
trauma'®. This expectative must be discussed with
the patient (if possible) and relatives when we consider
the treatment alternatives of elderly trauma patients.
Interventions to reduce frailty in the community are
required and are potentially effective to improve the
ability to prevent and recover from injuries”®. Effective
interventions included exercise, nutrition, cognitive tra-
ining, geriatric assessment and management and pre-
habilitation”.

CONCLUSION

In summary, elderly trauma patients present specific
characteristics that imply increased morbidity and
mortality. Appropriate triage, evaluation of frailty and
aggressive early management including correction of
coagulopathy can improve outcome. In non-responding
cases with a clear likelihood of poor prognosis, limitation
of care and palliative measures must be considered.
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Abstract

AIM
To address the hypothesis that young, gonad-intact
female mice have improved long-term recovery associated
with decreased neuroinflammation compared to male
mice.

METHODS

Eight to ten week-old male, female, and ovariectomized
(OVX) mice underwent closed cranial impact. Gonad-
intact female mice were injured only in estrus state.
After injury, between group differences were assessed
using complementary immunohistochemical staining for
microglial cells at 1 h, mRNA polymerase chain reaction
for inflammatory markers at 1 h after injury, Rotarod over
days 1-7, and water maze on days 28-31 after injury.

RESULTS

Male mice had a greater area of injury (P = 0.0063),
F4/80-positive cells (P = 0.032), and up regulation of
inflammatory genes compared to female mice. Male
and OVX mice had higher mortality after injury when
compared to female mice (P = 0.043). No group
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differences were demonstrated in Rotarod latencies (P =
0.62). OVX mice demonstrated decreased water maze
latencies compared to other groups (P = 0.049).

CONCLUSION

Differences in mortality, long-term neurological recovery,
and markers of neuroinflammation exist between female
and male mice after moderate traumatic brain injury
(MTBI). Unexpectedly, OVX mice have decreased long
term neurological function after MTBI when compared
to gonad intact male and female mice. As such, it can be
concluded that the presence of female gonadal hormones
may influence behavioural outcomes after MTBI, though
mechanisms involved are unclear.

Key words: Traumatic brain injury; Microglia; Functional
recovery; Inflammation; Sex

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Differences in mortality, long-term neurological
recovery, and markers of neuroinflammation exist
between female and male mice after moderate traumatic
brain injury (MTBI). Unexpectedly, ovariectomized mice
have decreased long term neurological function after
MTBI when compared to gonad intact male and female
mice.

Umeano O, Wang H, Dawson H, Lei B, Umeano A, Kernagis
D, James ML. Female gonadal hormone effects on microglial
activation and functional outcomes in a mouse model of moderate
traumatic brain injury. World J Crit Care Med 2017; 6(2): 107-115
Available from: URL: http://www.wjgnet.com/2220-3141/full/v6/
i2/107.htm DOI: http://dx.doi.org/10.5492/wjccm.v6.12.107

INTRODUCTION

In the United States, up to 6 million people sustain
head injury annually!™. Traumatic brain injury (TBI) is
often graded as mild, moderate, or severe based on the
patient’s initial level of consciousness and presenting
Glasgow coma score (GCS)™. Mild to moderate TBI
(MTBI) is the most common type and occurs from
injury of minimal duration and severity™®. However,
physiological manifestations such as diminished cer-
ebral blood flow, neuroinflammation, impaired neuro-
transmission, cerebral edema, and abnormal glucose
metabolism may occur after MTBI®”®, Further, MTBI is
most common in young adults, resulting in significant
long-term comorbidities, such as depression, substance
abuse, chronic pain, unemployment, and post-traumatic
stress disorder'®”, Currently, no proven therapy exists for
patients with MTBI.

Sex differences in recovery after TBI are largely due
to female gonadal hormones decreasing acute neuro-
inflammation” and increasing neuronal survival™*?.
This has resulted in progesterone moving into dinical trial
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for patients with moderate to severe TBI'®.. While prior
work has largely focused on models of severe TBI where
neuroinflammation is most pronounced, these sex effects
have not been adequately assessed in MTBI.

Thus, this study sought to assess sex differences
in modifying recovery after MTBI. Specifically, the hy-
pothesis was that young, gonad-intact female mice
have improved long-term recovery associated with
decreased neuroinflammation compared to male mice.
Additionally, ovariectomized (OVX) mice were included in
neurobehavioral outcomes to begin to model potential sex
effects in “menopausal” states.

MATERIALS AND METHODS

All experiments were approved by the Duke University
Institutional Animal Care and Use Committee and were
designed to minimize suffering and numbers of animals.
Experimental cohorts consisted of 8-10 wk old C57BL/6]
male, gonad-intact female mice, and OVX mice (Jackson
Laboratories, Bar Harbor, ME). OVX surgeries were
performed at Jackson Laboratories with injury performed
4-6 wk after ovariectomy. All mice were housed in
groups of 5 mice/cage in a 12-h day/night light cycle
for 5-7 d prior to injury. Prior to and immediately after
injury, all animals were provided free access to standard
laboratory rodent chow and filtered water. All observers
were blinded to grouping during injury and throughout all
outcomes measurements.

Experimental groups

The following experimental groups were utilized after
injury with MTBI: Group 1 - Microglial activation/macro-
phage recruitment - Stereology for F4/80" cells was
performed in the hippocampus of 16 mice (5 male,
5 female, 3 sham female, 3 sham male) at 1 h after
injury; Group 2 - Blood-brain barrier (BBB) permeability
- Immunoglobulin G (IgG) staining was performed in the
cerebral cortex of 16 mice (5 male, 5 female, 3 sham
female, 3 sham male) at 1 h after injury; Group 3 -
Inflammatory gene regulation - Reverse transcriptase
polymerase chain reactions (RT-PCR) was performed on
whole brain samples of 20 mice (5 sham female, 5 sham
male, 5 female, 5 male) at 1 h after injury; Group 4 -
Neurobehavioral Recovery - Experimental - 59 mice (22
female, 20 male, 17 OVX) were subjected to Rotarod (RR)
testing over Days 1-7 and water maze (WM) testing at
Days 28-31 after injury. Mortality was assessed during
the 31 d of testing; Group 5 - Neurobehavioral Recovery
- Sham - 25 mice (10 female, 10 male, 5 OVX) were
subjected to Rotarod (RR) testing over Days 1-7 and
water maze (WM) testing at Days 28-31 after injury.

Vaginal smear

Prior to injury, female mice underwent morning vaginal
smears in order to determine reproductive state!**, Mice
in the estrus stage, characterized by having a cluster of
irregularly shaped, cornified squamous epithelia cells that
lacked nuclei, were used in experiments. Mice in other
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stages were subsequently smeared on consecutive days
until they could be classified as estrus.

MTBI model

This murine TBI model was adapted from a previously
described model of closed cranial trauma for the rat>"”.
After anesthesia induction with 4.6% isoflurane, the
trachea was intubated and the lungs were mechanically
ventilated with 1.6% isoflurane in 30% 02/70% N-.
Rectal temperature was maintained at 37 °C. Mice were
positioned in a stereotactic device, scalp incised, and the
skull exposed. A concave 3-mm metallic disc was glued
to the skull immediately caudal to bregma. A 2.0-mm-
diameter pneumatic impactor (Air-Power, Inc. High
Point, NC) was used to deliver a single midline impact to
the disc surface. The impactor was discharged at 6.8 +
0.2 m/s with head displacement of 3 mm. After impact,
anesthesia was discontinued, the animals were allowed
to recover spontaneous ventilation, and trachea was
extubated. Following recovery, mice were allowed free
access to food and water. Adequate MTBI was arbitrarily
defined as having day 1 RR latency between 50% and
90% of baseline. Day 1 RR latency greater than 90%
of baseline is indicative of inadequate injury, while Day
1 RR latency less than 50% of baseline is indicative
of severe TBI. Sham mice underwent comparable
anesthesia and surgical manipulation but received no
cortical impact.

Immunohistochemistry: Microglial and IgG staining

One hour after injury, the mice were anesthetized with
4.6% isoflurane in 30% 02/70% N2 and euthanized
using intracardiac perfusion with normal saline. Whole
brain samples were removed, placed in formalin and
stored at 4 C. Axial sections (40 um) were cut on a
vibratome in 20-um intervals over the rostral-caudal
extent of the lesion and collected in cryoprotectant
solution containing ethylene glycol, sucrose, and sodium
phosphate.

To assess microglia activation/macrophage recruitment
staining, F4/80 immunohistochemistry was performed.
Free-floating sections were incubated in 1% H20: for
5 min and transferred to 0.1% Saponin for 1 h. Next,
sections were incubated for 30 min in 10% goat serum
followed by two successive blocking steps with Avidin and
Biotin for 15 min each. Monoclonal rat anti-mouse F4/80
(MCA497R; Serotec, Raleigh, NC, United States) was
applied ovemnight at 40 C at a dilution of 1:20000. After
washing with Phosphate Buffered Saline, biotinylated goat
anti-rat IgG secondary antibody (Vector Laboratories, Inc.;
1:3000) was applied for 20 min followed by avidin-biotin-
peroxidase complex treatment for 12 min (ABC kit, Vector
Laboratories, Inc., Burlingame, CA, United States).

For determining BBB permeability, we stained for
presence of IgG, which is usually not present with an
intact BBB"®. For IgG determination, no primary antibody
was used; brain slices were incubated using 1:3000
anti-mouse IgG antibody. Staining was visualized with
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diaminobenzidine (Vector Laboratories, Inc. Burlingame,
CA, United States). Sections were mounted onto slides
and allowed to dry overnight. Following immunostaining,
all sections were counterstained with hematoxylin (Fisher
Scientific, Fair Lawn, NJ, United States) for 4 min. After
dehydration, sections were cover slipped using Di-N-
Butyle Phthalate in Xylene resin. Determination of IgG
presence was determined by the area of fluorescence
within the tissue samples.

Stereology

Cell counting was conducted using a Nikon 218912
light microscope interfaced with the StereoInvestigator
software package (MicroBrightField, Williston, VT, United
States). The number of stained cells per cubic millimeter
of hippocampus was estimated by the optical fractionator
method. The optical fractionator is an unbiased counting
method, which is independent of the size, shape, and
orientation of the cells to be counted. The parameters
of the fractionator sampling scheme were established in
a pilot experiment and uniformly applied to all animals.
Before counting, all the slides were coded to avoid
experimenter bias. As determined by Stereo Investigator,
we chose six sagittal sections (40 um thick) spaced eight
sections apart along the dorsal hippocampal formation
by systematic andom sampling. This number of sections
proved sufficient to provide a coefficient of error between
0.09 and 0.11. On each section, the whole hippocampal
area was delineated. For microglial quantification, the
sampling grid was 399.027 (X) um x 367.92 (Y) um and
cells were counted within a probe volume defined by
the counting frame (50 pm x 50 um) and the dissector
height (11 um). Only cells within the counting frame or
overlapping the right or superior border of the counting
frame, and for which nuclei came into focus while focusing
down the dissector height, were counted. The total
number of F4/80 cells was calculated per hippocampal
volume of 1920 um thickness!***”,

Ribonucleic acid extraction and RT-PCR

Frozen, pulverized whole brain tissue was processed for
ribonucleic acid (RNA) extraction at 1 h after injury. RNA
quantity and quality were assessed with the NanoDrop
ND-1000 spectrophotometer (NanoDrop Technologies,
Inc., Wilmington, DE) and by agarose gel electrophoresis.
Only samples with a 260/280 ratio between 1.9-2.1, and
a 260/230 ratio greater than 2.0, were further processed.
First strand complementary deoxyribonucleic acid (cDNA)
was generated from 2 pg total RNA using the RT? First
strand kit (SABiosciences, Frederick, MD, United States)
according to the manufacturer’s instructions. Gene
expression was measured using the Mouse Nudlear Factor
kappa B (NF«B) targeted PCR Array (SABiosciences),
which profiles the expression of 84 genes related to
the NFxB pathway. RT-PCR was performed according
to manufacturer’s instructions using the 384-well plate
format (4 samples, 96 wells per sample). One sample
from each experimental group was run per plate to

May 4, 2017 | Volume 6 | Issue 2 |



Umeano O et a/. Gonadal hormones in traumatic brain injury

minimize potential batch effect between RT-PCR runs.
Quality of the cDNA and PCR efficiency was verified by
housekeeping genes and RT-PCR controls included in the
PCR Array.

Gene expression data analysis

Raw RT-PCR data was analyzed using the Web-Based
PCR Array Data Analysis software (SABiosciences) and
Microsoft Excel (Microsoft, Redmond, WA). The difference
between the sequences of interest and the reference
sequence (AC:) values, the differences between the
experimental and control sequences of interest (AAC),
and the based fold-change were calculated from raw
threshold cycle data, using beta-actin and glyceraldehyde
3-phosphate dehydrogenase (GAPDH) as internal stand-
ards for normalization.

Rotarod testing

An automated RR (Ugo Basile, Comerio, Italy) was
used to assess vestibulomotor function™**!, On the day
prior to injury, mice underwent a conditioning trial at a
set rotational speed for 60 s and then three additional
trials with an accelerating rotational speed. The average
time to fall from the rotating cylinder in the latter three
trials was recorded as baseline latency. On days 1, 3, 5,
and 7 post-MTBI, the mice had three consecutive trials
with accelerating rotational speed (inter-trial interval =
15 min). The average latency to fall from the rod was
recorded. Mice unable to grasp the rotating rod were
given a latency value of 0 s. Test was automatically
suspended after 600 s of running.

Water maze testing

Based on prior data! , at 28 d after injury an
aluminium pool (105 cm in diameter, 60 cm in depth)
was painted black and filled to 17 cm with water
(25 °C-27 °C, opacified with powdered milk). The maze
was kept in a room dedicated to behavioural testing
with light, sound, and visual cues held constant. The
goal was a hidden plastic platform, 7.5 cm in diameter,
submerged 1 cm below the water surface. Mice were
tested for 4 consecutive days with 4 trials per day (inter-
trial interval = 1 h). Mice were placed in one of four
different quadrants for each trial. Starting quadrants
were randomly defined each day. Mice were allowed
to search for the platform for a maximum of 90 s at
which time the mice were guided to the platform. Mice
remained on the platform for 5 s. The mice were kept in
heated cages between trials. Our predefined surrogate
marker of behavioural learning was water maze latency
times, i.e., the time to find the platform and swimming
speed were recorded by a computerized video tracking
system (Ethovision 2.2.14, Noldus Information Tech-
nology, Leesburg, VA).

15,22]

Statistical analysis

Parametric analyses were performed on all data sets.
Mortality was analysed using the »° test. RR and WM
latencies were compared with repeated measures
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analysis of variance (ANOVA) with time as the repeated
variable and using Dunnet’s method to correct for multiple
comparisons. Stereological analysis results, quantitative
PCR results, F4/80 stains and BBB permeability were
analysed with student’s t-test. Statistical significance
was assumed with P < 0.05. All values were expressed
as mean * (standard error of the mean) SEM and were
performed on JMP (v7.0.1, SAS, Cary, NC).

RESULTS

Immunohistochemical analysis

Tissue sections of injured area were collected in a
standardized fashion. The entire Area of IgG stained brain
was greater in male compared to female mice at 1 h after
MTBI (male vs female: 32.09 mm® + 26.82 vs 26.64 mm’
+ 26.04, P = 0.006). Further, IgG stained brain area was
greater in MTBI male compared to sham male mice (32.09
mm’ + 26.82 vs 3.20 mm’ + 1.70; P = 0.004). F4/80-
positive cells were greatest in MTBI male mice compared
to MTBI female, sham male, and sham female mice at 1 h
after injury (respectively: 0.036 cells/mm?+ 0.02, vs 0.021
cells/mm? + 0.01, vs 0.006 cells/mm® + 0.001, vs 0.011
cells/mm?® + 0.001, P = 0.032).

Gene expression

Using focused arrays, multiple genes were differentially
expressed between sham male, sham female, male, and
female mice at 1 h after MTBI (Table 1). Using relative
expression of gene activation [fold change (FC)] of injured
vs sham animals, MTBI in male mice was associated with
greater activation of inflammatory genes tumor necrosis
factor (TNF-o; FC = 30.257, SD = 0.287), interleukin (IL)-
la (FC = 11.356, SD = 0.252), IL-6 (FC = 4.769. SD =
0.379), and C-X-C motif chemokine (CXCL)-10 (FC =
9.327, SD = 0.172). Compared to female shams, MTBI in
female mice was also associated with greater activation of
inflammatory genes TNF-o. (FC = 10.856, SD = 0.082),
IL-6 (FC = 2.952, SD = 0.177), IL.-1a (FC = 8.807, SD =
0.109), and CXCL-10 (FC = 5.369, SD = 0.091). When
comparing male to female mice after MTBI, inflammatory
genes TNF, CXCL-10, and IL-6 had greater expression in
male mice (R = 2.786, 1.737, and 1.614, respectively,
Figure 1).

Neurobehavioral testing

Of the total 59 mice that were injured, 49 survived [20
of 22 (91%) female, 17 of 20 (85%) male, and 12 of 17
(71%) OVX; P = 0.043]. Of the 49 surviving mice, 46
were adequately injured to fulfill the definition of MTBI (19
of 20 female mice, 17 of 17 male mice, and 10 of 12 OVX
mice). All surviving animals meeting criteria for MTBI
were analyzed (Figure 2). No differences in RR latencies
between groups over the first 7 d after injury were found
(P = 0.62). OVX mice demonstrated longer WM latencies
over 28-31 d after injury (P = 0.049). While overall
latencies were not different between male and female
mice after MTBI, the difference in WM latencies between
the first day and last day of testing was greater for
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Table 1 Significant inflammatory genes in polymerase chain reaction analysis

Gene Fold change males Stdev males Fold change females Stdev females
Ccl22 -4.379926621 0.219833970 -1.808791666 0.07209482
Birc3 2424699902 0.347280537 6.393699028 0.04457375
Fasl 1.282942934 0.586876307 3.595274272 0.15614853
Cxcl3 1.423783611 0.443555855 4.738673464 0.13768048
I112b 1.887247846 0.153962747 6.969172751 0.07141293
Csf2rb -2.029836886 0.504576222 2.002641941 0.04827339
C4a -5.138319145 0.111529531 2.068435781 0.09152752
Ccl12 1.004666934 0.407715962 12.36078104 0.06841648
Illa 11.35623576 0.252021657 8.806597114 0.10903830
Ltb 1.883908897 0.112197741 1.410932285 0.03827274
Sele 2.645681512 0.175734401 1.81041664 0.07499996
Il1b 15.62412184 0.259189696 10.81446519 0.08663391
Cxcl10 9.327227458 0.172197097 5.36922489 0.09101903
Il6 4.768742556 0.379381266 2.952867421 0.17661706
Icam1 3.304520395 0.364423780 1.778613038 0.12022752
Cxcl9 1.25441829 0.250388088 -1.750912312 0.07922075
Tnf 30.25742899 0.286872446 10.85969992 0.08157591
Lta -1.18052165 0.435317336 -22.22152490 0.08186537
Relb 2.632882795 0.110186834 -4.717581418 0.11019118
Ifng 2.706432675 0.341618642 -2.698000440 0.12030042
Ifnbl -1.300071257 0.147446990 -8.018307062 0.12328928
Adm 4.645463022 0.411030849 -1.324109025 0.10189112
Agt 1.850525351 0.353829239 -2.447168033 0.06028075
Csf2 3.379073426 0.166397911 -1.105541488 0.07037648
Myd88 3.113516447 0.407823225 1.013600401 0.05586930
25

Ratio value

Genes

Figure 1 Ratio of inflammatory gene expression in experimental male and female mice. Since the ratio is a male/female value, genes with a ratio of less than
one are genes that are less expressed in male mice and genes with ratios of greater than two are more expressed in male mice. Genes with ratios close to one are

evenly expressed between both sexes.

female mice (M = 32.69 s) than male mice (M = 26.15
s; P = 0.034), which may serve as a corollary marker
for learning. Sham data for male, female and OVX mice
(Figure 3) show no sex interaction between the groups
for water maze latencies.

DISCUSSION

At one hour after MTBI, female mice demonstrate
decreased BBB permeability (IgG), microglial activation/
macrophage recruitment (F4/80), and inflammatory
gene expression (RT-PCR) compared to male mice.
Concurrently, male mice demonstrate greater mortality
than female mice after MTBI. Absence of female gonadal
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hormones (OVX) results in greater mortality and worse
long-term neurobehavioral recovery.

While published data from preclinical models of severe
TBI are ubiquitous, modeling of MTBI may be under-
represented. In the United states, MTBI represents 75%
of the total TBI cases™. Further, MTBI may result in long-
term disability in 21% of cases'***”'. In light of dlinical trials
with progesterone for moderate to severe TBI, potential
effects of sex and female gonadal hormones in modifying
outcome after MTBI should be investigated.

MTBI has been previously reproduced through pre-
clinical injury modeling®. In the current model, MTBI
was defined as an injury producing Day 1 RR latency
between 50% and 90% of the baseline. While somewhat
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Figure 2 Short- and long-term neurobehavioral measurements after mild traumatic injury in mice. Rotarod latencies (A) were not different over Days 1-7 after
moderate traumatic brain injury (MTBI) (P = 0.62; ANOVA). Significant water maze (WM) latencies (B) differences were demonstrated between groups over Days
28-31 after MTBI. WM latencies did not differ between male and female mice after MTBI, but ovariectomized mice demonstrated longer latencies over the testing

period (P = 0.04; ANOVA).
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Figure 3 Water maze latencies for sham male, female and ovariectomized
mice. No sex interaction was seen between male, female, and ovariectomized
(OVX) mice over Days 28-31 after moderate traumatic brain injury, thus no
significant sex differences are observed for shams.

arbitrary, this definition allows noticeable neurobehavioral
impairment but falls short of severe injury and associated
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high mortality. Further, post-injury Day 1 RR latencies
were similar across all groups. Thus, the present definition
of MTBI is an acceptable approximation of MTBI outcome
in patients while at the same time allowing for between
groups comparisons.

Data presented here demonstrate that the patho-
physiology of MTBI may be quite different than that
involved in severe TBI. A strong sex effect on recovery
has been previously demonstrated in preclinical models
of severe TBI®”, In addition, gonadal hormones, par-
ticularly progesterone, have repeatedly demonstrated
improvement in outcome in models of severe TBI'*?%%),
Recently, progesterone has been used in combination
with nicotinamide and interest has increased for estrogen
as neuroprotecants against severe TBI®**Y, However,
in our model, sex may not be a major modifier of neuro-
behavioral outcome after MTBI. This finding may represent
the lack of sustained injury after MTBI and the sensitivities
of the RR and WM tests for uncovering mild to moderate
injury. Perhaps new behavioral tests should be defined
for MTBI. An excellent review of the development of
various TBI models was recently published™, including
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predinical models that may represent MTBI. In fact, MTBI
clearly differs from other more severe injury models of
TBI in that immediate neurological deficits are not present
while profound histopathological evidence exists for brain
injury®®.

Interestingly, the removal of female gonadal hor-
mones, as seen in OVX, worsened long-term neuro-
behavioral outcomes in this model of MTBI more so
than the complete absence of female sex hormones as
seen with male mice. Underlying mechanisms for this
finding remain unclear in MTBI, buy this theme has been
echoed in other neural injury models®®*!, Thus, future
investigation should include exogenous administration
of female gonadal hormones (both estrogen and
progesterone) in an attempt to reverse these detrimental
effects after MTBI.

Sex differences in BBB permeability after MTBI
suggest that vascularity and vasculogenesis may be
influenced by gonadal hormones™***'. Moreover, estrogens
have been shown to be vasculogenic inducers through
assodiations with endothelial progenitor cells®****), Thus,
it can be postulated that gonad-intact female mice may
demonstrate increased vasculogenesis after MTBI due
to the presence of female gonadal hormones, when
compared to male and OVX mice.

There are several limitations to this study that should
be addressed. First, neither microglial activation nor BBB
permeability was determined for OVX-female mice. The
primary hypothesis was that young, gonad-intact female
mice have improved long-term recovery associated
with decreased neuroinflammation compared to male
mice®**, The addition of (OVX) mice occurred to begin
to model potential sex effects in “menopausal” states.
It is now clear that future studies should compare OVX,
male, and gonad-intact female mice when assessing the
role of gonadal hormones and sex differences after MTBI.
Second, the effects of TBI-induced pituitary dysfunction,
could be a potential confounding factor. Clinical and
experimental studies clearly demonstrated that significant
proportion of patients develop hypopituitarism after TBI
with gonadotropin deficiency being one of the more
common deficiences™™”. Resultin follicular stimulating
hormone and luteinizing hormone deficiences result in
decreased circulating estrogen and progesterone. Thus,
pituitary effects alone may explain the heterogeneity in
the outcome after TBI in young female rats. In addition,
mice excluded due to insufficient injury were dissimilar
across groups [2 of 17 OVX (11%), 1 of 22 males (5%),
and 0 females (0%) were excluded]. While this may
be the result of model variability, future work should
examine the effects of gonadal hormones across the
spectrum of TBI severity. Also, the interaction of age
and sex was not examined in this study. Further, this
study did not evaluate multiple isolated MTBI injuries,
which may be more applicable to MTBI in humans with
accumulation of injury over time. Finally, as previously
mentioned, RR and WM may not be the most sensitive
assessments for subtle neurocognitive impairment
seen after MTBI. However, because these metrics were
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validated in previous studies!>**!, we consider them

appropriate for use in the present study.

While these limitations exist, there remain compelling
clinical implications for the current findings. First,
associations between loss of female gonadal hormones and
worse long-term neurobehavioral outcomes have potential
ramifications for risk stratification in postmenopausal
women that sustain MTBI. Second, demonstration that
sex affects recovery after MTBI differently than in severe
TBI may influence future investigations of potential targets
for therapeutic development and require thoughtful
consideration during clinical trial design. Finally, lack of
sex differences in recovery after MTBI may demonstrate
the resiliency of the young brain to mild/moderate
injury. Exploration of the mechanisms, especially when
contrasted with the aged brain, may bring translatable
ideas into dlinical research.

In conclusion, female sex is associated with decreased
BBB permeability, markers of neuroinflammation, and
mortality. Further, loss of female gonadal hormones is
associated with worse long-term neurobehavioral recovery
after MTBI. Future research should define sex-specific
mechanisms of neuroinflammation after MTBI and the role
of female gonadal hormones in potentiating recovery.
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Abstract

AIM

To study the early postoperative intensive care unit
(ICU) management and complications in the first 2 wk
of patients undergoing cytoreductive surgery (CRS) and
hyperthermic intraperitoneal chemotherapy (HIPEC).

METHODS
Our study is a retrospective, observational study per-
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formed at Icahn School of Medicine at Mount Sinai,
quaternary care hospital in New York City. All adult
patients who underwent CRS and HIPEC between January
1, 2007 and December 31, 2012 and admitted to ICU
postoperatively were studied. Fifty-one patients came to
the ICU postoperatively out of 170 who underwent CRS
and HIPEC therapy during the study period. Data analysis
was performed using descriptive statistics.

RESULTS

Of the 170 patients who underwent CRS and HIPEC
therapy, 51 (30%) came to the ICU postoperatively.
Mean ICU length of stay was 4 d (range 1-60 d) and
mean APACHE II score was 15 (range 7-23). Thirty-
one/fifty-one (62%) patients developed postoperative
complications. Aggressive intraoperative and postoperative
fluid resuscitation is required in most patients. Hypo-
volemia was seen in all patients and median amount
of fluids required in the first 48 h was 6 L (range 1-14
L). Thirteen patients (25%) developed postoperative
hypotension with seven requiring vasopressor support.
The major cause of sepsis was intraabdominal, with
8 (15%) developing anastomotic leaks and 5 (10%)
developing intraabdominal abscess. The median survival
was 14 mo with 30 d mortality of 4% (2/51) and 90 d
mortality of 16% (8/51). One year survival was 56.4%
(28/51). Preoperative medical co morbidities, extent of
surgical debulking, intraoperative blood losses, amount of
intra op blood products required and total operative time
are the factors to be considered while deciding ICU vs non
ICU admission.

CONCLUSION

Overall, ICU outcomes of this study population are ex-
cellent. Triage of these patients should consider preo-
perative and intraoperative factors. Intensivists should
be vigilant to aggressive postop fluid resuscitation, pain
control and early detection and management of surgical
complications.

Key words: Hyperthermic; Abdominal sepsis; Cytoreduction;
Carcinomatosis; Respiratory failure; Vasopressors

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Our retrospective study highlights the intensive
care unit (ICU) management, complications and outcomes
of patients undergoing complicated hyperthermic intra-
peritoneal chemotherapy procedure for peritoneal car-
cinomatosis. Intensivists need to monitor for physiologic
derangements post procedure and assess fluid status,
provide adequate pain control and have high degree of
suspicion for complications like abdominal sepsis. Not all
patients need ICU admission post procedure. Our study
enlists the factors to be considered for ICU admission vs
the floor.

Kapoor S, Bassily-Marcus A, Alba Yunen R, Tabrizian P, Semoin
S, Blankush J, Labow D, Oropello J, Manasia A, Kohli-Seth
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INTRODUCTION

Malignant peritoneal surface disease, commonly known as
peritoneal carcinomatosis (PC) has been considered to be
incurable with poor median survival of six months without
treatment!"*. Cytoreductive surgery (CRS) combined with
perioperative hyperthermic intraperitoneal chemotherapy
(HIPEC) has been confirmed as a viable treatment option
for peritoneal based tumors in 1980s. Today, CRS and
HIPEC therapy is used in select patients for treatment
of PC from gastric cancer, colorectal cancer, appendiceal
cancer, ovarian cancer and primary peritoneal malignancies

like mesotheliomas. Few randomized controlled trials
have been conducted and demonstrated better survival

in patients undergoing CRS-HIPEC in the treatment
of colorectal PC compared to systemic chemotherapy
alone®*. Multiple nonrandomized single and multicenter
phase 1I and few phase 1I trials indicate that CRS and
HIPEC may improve survival rate for selected patients with
peritoneal metastasis™>®®.. There has been an observed

increase in survival rates with CRS and HIPEC in colorectal

cancer, advanced ovarian cancer, gastric cancer and
peritoneal mesothelioma’®**. This procedure is technically
challenging and has the potential for increased morbidity
and mortality!”®.. The morbidity and mortality rates
reported have ranged from 12%-52% and 0.9%-5.8%
respectively at large tertiary hospitals with a high volume
of oncology patients™™. Recent largest reported single
center study demonstrated that major prognostic factors
include primary site, performance status, completeness
of resection and institutional experience™®. In a re-
cent study, 40% of patients developed at least one
postoperative in hospital complication”). One serious
complication related to HIPEC is peritoneal inflammation
and systemic inflammatory response syndrome (SIRS)
which leads to physiologic changes in different organ
systems. Effects on the cardiovascular status, oxygen
consumption and hematopoietic parameters of patients

have been described in the literature and have been

observed in practice®?". The complexity of perioperative
anesthetic management of these patients with particular
attention to perioperative fluid, pain management and
the patient’s coagulation status has been reported in the
anesthesiology literature®*, The extensive peritoneal
inflammation and the inflammatory response impacts the
early postoperative intensive care unit (ICU) course of this
patient population. In the present study, we describe the
early (first two weeks) postoperative ICU management,
long-term morbidity and mortality (day 30 and day 90)
of patients admitted to the ICU after undergoing CRS and
HIPEC therapy retrospectively over a six years period.
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Table 1 Patient characteristics

Variable n =51
Age (yr) 56 (18-82)
Gender

Female 27 (53%)
APACHE I 15 (7-23)
ICU LOS (d) 4 (1-60)

Operative time (min)
Primary site

413 (65-815)

Colon 19
Appendix 12
Gastric 6
Ovarian 3
Pseudomyxoma peritoneii 6
Mesothelial 3
Others 2
EBL (mL) 1125 (50-6500)

Peritoneal cancer index (intraop) 13 (3-35)

Data are reported as median and range or 1 (%). ICU: Intensive care unit;
LOS: Length of stay.

MATERIALS AND METHODS

Study design

This retrospective descriptive study was conducted
in @ 14-bed surgical intensive care unit (SICU) in a
large tertiary hospital. With Institutional Review Board
approval, all adult patients over 18 years of age who
underwent CRS and HIPEC therapy between January
1, 2007 and December 31, 2012 were screened for
enrollment in the study (n = 170). Of this, 51 patients
were admitted to the SICU postoperatively and were
included in the study. Data for this retrospective analysis
were retrieved from medical records, operative reports,
laboratory and radiologic data. Early (first two weeks)
postoperative ICU course, ICU management and long-
term surgical morbidity and mortality (day 30 and day
90) were retrospectively studied.

CRS and HIPEC surgery was performed with closed
technique and cisplatin and mitomycin C were the che-
motherapy agents administered. Patients were often
immediately extubated and transferred to the surgical
floor. Standard criteria for extubation were used by
anesthesiology team including mental status assessment,
reversal of muscular paralysis and anesthesia, hemo-
dynamic stability and adequate oxygenation and ventilation
in addition to intraoperative course and complications. If
they were hemodynamically unstable in OR with mean
arterial pressure (MAP) less than 65 mmHg and/or systolic
blood pressure (SBP) less than 90 mmHg requiring
intravenous fluids and vasopressor support, remained
on mechanical ventilation or required higher level of care
based on intraoperative course, they were admitted to
SICU. This was determined by the anesthesia, surgical
and critical care teams. At the initial stages of experience
with the HIPEC procedure at our center, all patients came
to SICU post operatively. With our growing experience,
we became more selective in admitting patients to ICU
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postoperatively.

RESULTS

In the present study, 51 out of 170 patients came to
the ICU postoperatively. The primary diagnosis was PC
secondary to metastatic colon, appendiceal, gastric,
mesothelial and ovarian tumors. Median ICU length of
stay (LOS) was 4 d (range 1-60 d) and median APACHE
II scores was 15 (range 7-23) (Table 1). Twenty-two
patients (43%) received postop epidural analgesia by the
anesthesia team. Of the patients admitted to the ICU,
31 (62%) had observed post-operative complications.
Twenty-nine patients (57%) needed up to 10 L of
fluids intraoperatively for hemodynamic instability and
fluid/blood losses. All patients were hypovolemic posto-
peratively in the ICU and required intravenous fluids.
Median amount of intravenous fluids required in the first
48 h was 6 L (range 1-14 L). Assessment of hypovolemia
was done by clinical exam, hemodynamic monitoring
with pulse contour analysis and using standard bedside
ultrasonography by assessing cardiac chambers and
inferior vena cava. Post-operative complications are listed
in Table 2. Postoperative hypotension developed in 13
patients (25%), out of which, 7 (13%) developed septic
shock requiring vasopressor support. Acute respiratory
failure, defined as requirement of mechanical ventilation
for more than 48 h was seen in 18 patients (33%). Five
patients (10%) developed acute renal failure but none
required renal replacement therapy during their ICU
course. Seventeen (25%) patients developed abdominal
sepsis including anastomotic leak in eight patients
(15%), intra abdominal abscess in five patients (10%)
and deep wound infection in four (8%) (Figure 1). There
were no Central line-associated bloodstream infections
(CLABSIS). Total parenteral nutrition (TPN) was initiated
in 9 (18%) patients. Median survival was 14 mo. Thirty-
day mortality was 4% (2 patients) and 90 d mortality
was 16% (8 patients). One year survival was 56.4%
(28/51). We also performed sub group analysis of patients
admitted to ICU and those admitted to the surgical floor
postoperatively (Table 3). Variables like preoperative co
morbidities (high ASA scores), extent of surgical debulking
(number of organs resected), amount of blood products
required intraoperatively, estimated blood loss, total OR
time showed statistically significant difference between
ICU and non ICU patients. ICU patients had increased
postoperative morbidity and hospital LOS compared to
non ICU patients. There was no statistically significant
difference in 30 and 90 d mortality between these two sub
group of patients.

DISCUSSION

ICU course and complications
There has been a renewed interest in the field of
peritoneal surface malignancies over the last 15-20 years,
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Table 2 Postoperative complications 7 (%)

Complication n =51
Acute respiratory failure 18 (33)
Postoperative hypovolemia 51 (100)
Postoperative hypotension 13 (25)
Septic shock 7 (13)
Reintubation 6 (12)
Acute blood loss anemia 18 (33)
Pulmonary embolism 4(8)
Acute renal failure 5 (10)
Tracheostomy 4 (8)
Dilutional coagulopathy 28 (55)
Hypoalbuminemia 51 (100)
Arrythmias 2(3)
CLABSI 0(0)
ICU delirium 3(6)
Surgical complications
Anastomotic leaks 8 (15)
Anastomotic leaks requiring OR 5
Intra abdominal abscess 5 (10)
Intra abdominal abscess requiring IR drainage 4
Surgical bleeding 4(8)
Deep wound infection 4(8)
Abdominal sepsis: Anastomotic leak, abscess, deep 17 (33)
wound infection
Bacteremia 2(3)
Postoperative parenteral nutrition 9 (18)

Data are reported as n (%). CLABSI: Central line associated bloodstream
infection; ICU: Intensive care unit.

mainly due to the better understanding of the biology
of these tumors with intraperitoneal spread and without
systemic metastasis. CRS and HIPEC has evolved into a
novel treatment approach in patients with PC secondary
to colorectal, appendiceal, ovarian, gastric and primary
peritoneal malignancies. The purpose of CRS is the
performance of complete or near complete cytoreduction.
The purpose of HIPEC administration is the eradication
of the microscopic residual tumor. HIPEC is effective
in eradicating cancer emboli less than 3 mm in their
largest diameter. Hyperthermia leads to direct cytotoxic
effects and also increases the depth of penetration of
chemotherapy agents'*!!. Intraperitoneal loco-regional
chemotherapy achieves high local concentration of
cytotoxic agents due to the peritoneal-plasma barrier®®.
Completeness of cytoreduction is the most important
determinant of outcome after surgery*®%%",

The procedure is lengthy and involves extensive sur-
gical debulking. Aggressive resuscitation with fluids and
blood transfusions are usually required intraoperatively
due to blood losses and fluid shifts?*?, The current study
found approximately 60% of patients required up to 10 L
of fluid replacement and up to 5 units of PRBC transfusion
intraoperatively. These findings corroborate previous
research that found aggressive intraoperative and postop
fluid resuscitation in this patient population®?>%27.,

In our study, 31% (51/170) of patients who under-
went HIPEC were admitted to the ICU for postoperative
management, requirement for mechanical ventilation
and overall morbid condition. Previous studies reported
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0%

Cause of sepsis 100%

Figure 1 Source of sepsis.

a higher percentage (67%-100%) of patients admitted
to the ICU postoperatively®?*#1, The mean ICU LOS in
this patient population was also similar to the previous
studies (< 5 d)®*°. Less than 50% of our patients
(22/51) received postoperative epidural analgesia
which is significantly less than what is reported in the
current literature®®®!, Hypovolemia is very common in
the postoperative period which is exacerbated by fluid
losses from peritoneal surface. All of our patients required
aggressive postop fluid resuscitation, range 1-14 L, median
6 L. Patients develop systemic vasodilation due to intense
SIRS response, leading to hypotension, tachycardia and
needing vasopressor support. Standard recommended
doses of vasopressors were used, norepinephrine (0-35
mcg/min), vasopressin (0.04 units/min, nontitratable),
epinephrine (0-35 mcg/min) and phenylephrine (0-300
mcg/min). Norepinephrine was the vasopressor of choice.
Cooksley et al*” reported 26% patients requiring vaso-
pressors in postoperative period. Most uncomplicated
cases are usually extubated within 24 h of the procedure.
Up to 33% of patients in our series required postop
mechanical ventilation for more than 48 h. The major
reasons for respiratory failure in the postsurgical period
included acute lung injury or noncardiogenic pulmonary
edema due to systemic inflammatory response, fluid
overload, aspiration, pneumonia, pulmonary embolism
and atelectasis. Our findings are different from previous
studies which reported all patients were extubated prior to
ICU arrival (Cooksley et af*”) and a majority of patients
were extubated within 3 h of ICU arrival (Schmidt et
a1, The extended mechanical ventilation in the current
study can be explained by the level of critical illness in this
patient population.

Coagulopathy is commonly seen due to the effects
of massive fluid resuscitation, blood transfusion or
chemotherapy induced myelosuppression™®., In our study,
55% patients had coagulopathy defined by INR > 1.5
and or platelet count less than 100000 and 35% required
postoperative blood transfusion. This is consistent with
previous studies®>*”.,

These patients are predisposed to develop perioperative
venous thromboembolism. Reported incidence for ven-
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Table 3 Subgroup analysis of patients admitted to intensive

care unit postoperatively vs admitted to the surgical floor

Variable, n (%) ICU group Non ICU group P value

n =51 n =119
Age, mean (SD) 56.6 (12.8) 54.5 (10.5) 0.282
ASA, mean (SD) 3.1(0.6) 2.8 (0.5) 0.009
ASA, >3 (%) 12 (24) 8(6.7)  <0.001
Intraop PCI, mean (SD) 21.5 (8.4) 13.7 (8.3) <0.001
Change in PCI, mean (SD) 16.2 (7.1) 10.7 (6.1) <0.001
No. of resected organs: Mean 59(22) 3.1(21) <0.001
(SD)
EBL, mean (SD) 1505 (1408) 423 (519) < 0.001
Intraop transfusion (%) 45 (90) 26 (21.7)  <0.001
OR time, min, mean (SD) 456 (122) 328 (118)  <0.001
Mortality at
30d (%) 2(4) 2(1.7) 0.36
90 d (%) 8 (12) 6(5) 0.104
Hospital stay, mean (range) 18 (5-88) 8.6 (3-101) <0.001
Survival, mo: Median 14 (1.8) 33.4 (5.3) <0.001
(sB)
Readmission rate to ICU (%)  6/51 (12) 3/119 (2.5) 0.01

ICU: Intensive care unit.

ous thromboembolism varies between 5%-10% in liter-
ature®**?, We report 4 cases of postoperative pulmonary
embolism in patients admitted to ICU in our series despite
being on DVT prophylaxis. Postoperative hypoalbuminemia
is @ common finding and is not indicative of nutritional
status, rather dilutional effect as well as suppression
of synthesis due to cytokine release being one of the
negative acute phase reactant”®. Other ICU complications
like acute renal failure, bacteremia, arrhythmias and
reintubation were seen in this patient population. Of the
patients who developed acute renal failure, none required
renal replacement therapy. Nobody developed catheter
associated bloodstream infection'”’>”’. These findings are
similar to other studies reported in literature.

Reported morbidity and mortality in the literature is
12%-52% and 0.9%-5.8% respectively at high volume
centers!®*****!, Septic shock and multisystem organ failure
is the leading cause of mortality in patients undergoing CRS
and HIPEC**”, This is likely attributable to the extensive
nature of this procedure, immunosuppression due to
previous chemotherapy and the development of surgical
complications.

The major surgical complications reported are an-
astomotic leaks (0%-9%), intraabdominal abscesses
(0%-37%), intestinal perforation/peritonitis (0%-10%),
fistulas (0%-23%) and prolonged ileus (0%-86%).
Intraabdominal bleeding, bile leaks, pancreatitis, major
wound infections, acalculous cholecystitis, mesenteric
ischemia, mechanical intestinal obstruction are other
surgical complications reported™**#**®), The reoperation
rates following the procedure for various complications
range from 0%-23%"".

Nutrition is a very important component in the postop
care of these patients since they are usually malnourished
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before surgery. Enteral route is preferred in order to
maintain gut integrity and reduce bacterial translocation.
Postoperative ileus, sepsis, intraabdominal complications
like anastomotic leaks, obstruction and fistulas may be
hindrances to enteral nutrition necessitating TPN. We
started TPN in our patients if they could not be fed for
more than 2-3 d through gut.

Median survival for colorectal cancer varies from 13
to 29 mo and 5 year survival rates range from 11% to
19%" !, Survival rates for gastric cancer have been 43%
at 1 year and 11% at 5 years'*”. Median survival from
ovarian cancer ranges from 22 to 64 mo and 12%-66%
5 year survival rate™*?, In our series, the long-term
median survival collectively was observed to be 14 mo
with no ICU mortality, 4% 30 d mortality and 16%
90 d mortality. One year survival was 56.4% (28/51
patients). These findings suggest good ICU outcomes for
these patients due to early aggressive resuscitation and
vigilance in detection of the anticipated complications
observed in this population particularly abdominal sepsis.

Need for ICU admission

Should all patients undergoing CRS and HIPEC be
admitted to ICU postoperatively? This question has been
addressed in some recent studies®***®, Lépez-Basave
et al® concdluded that 67% of their patients needed ICU
care postoperatively after CRS and HIPEC procedure.
They concluded that ICU care should not be a routine
standard of care and there should be an individualized
approach based on patient characteristics and extent
of resection®. Another recent study by Mogal et af**’
concluded that ICU observation is not routinely required
for all patients treated with CRS/HIPEC. Their criteria for
ICU admission used variables like ECOG status (Eastern
Cooperative Oncology Group), age, EBL, nutritional status
and extent of surgery™, Nadeem et al"**' concluded
that this procedure can be done safely with no major
complications with proper selection criteria for patients.
Need for ICU utilization and shorter hospital LOS is
seen with more experience with the procedure, thereby
referral to a high volume center is important'*®!, This is
in accordance with experience with the procedure at
our center. Malfroy et al'*”! studied perioperative risk
factors for ICU admission and concluded shock (septic
and hemorrhagic), respiratory failure, postoperative
acidosis as the reasons for direct ICU admission from
operating room. Based on our subgroup analysis of ICU
and non ICU patients, we conclude that preoperative
co morbidities (ASA score), extent of surgical debulking
performed, blood losses during surgery, amount of blood
products required intraoperatively and total OR time are
the factors to be considered while triaging patients to the
ICU or the floor in addition to hemodynamic instability
and need for mechanical ventilation.

Conclusion
Our study addresses postoperative ICU management,
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morbidity and mortality of patients undergoing CRS
and HIPEC therapy. We also studied the factors to be
considered during postoperative triage of patients to
ICU vs the floor. Need for vasopressors and/or mec-
hanical ventilation, preoperative medical co morbidities,
extent of surgical debulking, intraoperative blood
losses, amount of intra op blood products required
and total operative time necessitate ICU admission.
Intensivists should be vigilant to aggressive postop
resuscitation, need for organ support, monitoring and
correcting derangements in the coagulation profile,
fluid and electrolytes, pain control, early detection and
management of major surgical complications particularly
abdominal sepsis. Overall, the ICU outcomes for these
patients are excellent.

COMMENTS

Background

Peritoneal carcinomatosis (PC) from gastric, colorectal, ovarian, appendiceal
tumors is associated with poor prognosis. Cytoreductive surgery (CRS) and
hyperthermic intraperitoneal chemotherapy (HIPEC) has been shown to
improve survival in these cases. But the procedure is associated with increased
morbidity and mortality. Extensive surgical resection with hyperthermic
chemotherapy generates intense inflammatory response in the body, leading to
physiologic changes in many organ systems. Intensivists taking care of these
patients in the intensive care unit (ICU) postoperatively need to be aware of
derangements like fluid and electrolyte abnormalities, hemodynamic instability,
need for intravenous fluids, coagulation abnormalities and increased risk of
surgical complications like anastomotic leaks and intra-abdominal abscesses.
In this study, the authors describe the early postoperative ICU management,
morbidity and mortality of patients admitted to ICU after CRS and HIPEC
therapy.

Research frontiers

CRS and HIPEC therapy is a complex procedure associated with increased
morbidity and mortality. Few prior studies have described the postoperative
ICU management and complications related to the procedure. The study
provides knowledge and guidance to the Intensivists and surgeons managing
these patients in the postoperative period in ICU. It also studies variables to be
considered while triaging patients to the ICU vs floor postoperatively.

Innovations and breakthroughs

In this study, the authors describe the postoperative ICU management and
complications after CRS and HIPEC procedure for PC. Overall, the outcomes
of these patients are excellent. Particular attention should be given to
postoperative pain management, aggressive fluid resuscitation, electrolyte and
coagulation abnormalities and increased risk for surgical complications like
anastomotic leaks, intraabdominal abscesses and wound infections. Factors to
be weighed in this population during postoperative triage to ICU vs floor include
preoperative medical co morbidities, extent of surgical debulking, intraoperative
blood losses, amount of intraoperative blood products transfused and total
operative time.

Applications

This study provides insight about postoperative ICU management of patients
undergoing CRS and HIPEC therapy. It also describes the variables to be
considered while triaging patients to the ICU vs surgical floor in the postoperative
period.

Terminology

Hyperthermic intraperitoneal chemotherapy (HIPEC): Highly concentrated,
heated chemotherapy treatment that is delivered directly to the abdomen during
surgery; Cytoreductive surgery (CRS): Surgical procedure used to remove
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tumors from patients with metastasis or dissemination to the peritoneal cavity.

Peer-review
A very interesting manuscript describing the experience of a center involved in
cytoreductive surgery and intraperitoneal chemotherapy.
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Abstract

AIM

To synthesize the available evidence focusing on mor-
bidities in pediatric survivors of critical illness that fall
within the defined construct of postintensive care syn-
drome (PICS) in adults, including physical, neurocognitive
and psychological morbidities.

METHODS

A comprehensive search was conducted in MEDLINE,
EMBASE, the Cochrane Library, PsycINFO, and CINAHL
using controlled vocabulary and key word terms to
identify studies reporting characteristics of PICS in
pediatric intensive care unit (PICU) patients. Two revi-
ewers independently screened all titles and abstracts
and performed data extraction. From the 3176 articles
identified in the search, 252 abstracts were identified for
full text review and nineteen were identified for inclusion in
the review. All studies reporting characteristics of PICS in
PICU patients were included in the final synthesis.

RESULTS

Nineteen studies meeting inclusion criteria published
between 1995 and 2016 were identified and categorized
into studies reporting morbidities in each of three cate-
gories-physical, neurocognitive and psychological. The
majority of included articles reported prospective cohort
studies, and there was significant variability in the outcome
measures utilized. A synthesis of the studies indicate
that morbidities encompassing PICS are well-described
in children who have survived critical illness, often
resolving over time. Risk factors for development of these
morbidities include younger age, lower socioeconomic
status, increased number of invasive procedures or inter-
ventions, type of illness, and increased benzodiazepine and
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narcotic administration.

CONCLUSION

PICS-related morbidities impact a significant proportion
of children discharged from PICUs. In order to further
define PICS in children, more research is needed using
standardized tools to better understand the scope and
natural history of morbidities after hospital discharge.
Improving our understanding of physical, neurocognitive,
and psychological morbidities after critical illness in
the pediatric population is imperative for designing
interventions to improve long-term outcomes in PICU
patients.

Key words: Pediatric intensive care; Pediatric intensive
care unit; Critical illness; Postintensive care syndrome;
Post-traumatic stress; Trauma; Patient outcomes

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The majority of critically ill children admitted
to pediatric intensive care units (PICUs) survive their
iliness. Therefore, it is critical to address the impact
and extent of new or worsening morbidities that these
children experience as a consequence of critical illness.
Postintensive care syndrome is a well-described pheno-
menon in adult ICU patients, defining common types of
morbidity that can occur after hospitalization. This review
provides a synthesis of the available literature describing
physical, neurocognitive and psychological morbidities
that develop in the pediatric critical care population.

Herrup EA, Wieczorek B, Kudchadkar SR. Characteristics of
postintensive care syndrome in survivors of pediatric critical illness:
A systematic review. World J Crit Care Med 2017; 6(2): 124-134
Available from: URL: http://www.wjgnet.com/2220-3141/full/v6/
i2/124.htm DOTI: http://dx.doi.org/10.5492/wjccm.v6.i2.124

INTRODUCTION

Medical and technological advances over the last several
decades have resulted in the lowest rates of mortality
in the pediatric intensive care unit (PICU)™. Therefore,
mortality alone is no longer a sufficient outcome mea-
sure for assessing the efficacy of pediatric critical care
interventions. Instead, outcomes in pediatric critical
care have come to focus on morbidity that exists at and
after discharge from the PICU.

The concept of postintensive care syndrome (PICS)
is well-described in the adult critical care literature™. In
2010, a stakeholder’'s meeting defined PICS as “new or
worsening impairments in physical, cognitive, or mental
health status arising after critical illness and persisting
beyond acute care hospitalization”. These stakeholders
also identified PICU patients as a subgroup of critically
ill patients that deserve increased attention in ICU
research and literature.
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Studies in adults have demonstrated that a significant
number of adult critical care survivors develop long-
lasting morbidities after an ICU admission. For example,
a study of acute respiratory distress syndrome (ARDS)
survivors found that physical impairments occur in greater
than 50% of previously healthy patients in the first year
after illness”. With regard to cognitive impairment, there
is evidence of long-lasting mild to moderate cognitive
impairment in 24% of ARDS survivors at a median of 6
years after ICU admission™. Additionally, a systematic
review examining mental health morbidity in adult critical
care survivors found a median 28% point prevalence of
dlinically significant depressive symptoms™.

Although PICS has drawn attention in the adult ICU,
pediatric studies examining morbidity after critical illness
are just recently emerging. Moreover, pediatric outcomes
after critical illness have not been examined using the
lens of PICS, which may be a beneficial approach for
uniformly synthesizing available data and designing fu-
ture studies investigating the effects of pediatric critical
illness and treatment. The need to characterize PICS is
even more critical due to the high proportion of PICU
patients with pre-existing comorbidities that may worsen
functional outcomes and quality of life after a PICU
stay™®.

The objective of this systematic review is to syn-
thesize the available evidence focusing on morbidities
in pediatric survivors of critical illness that fall within the
construct of PICS described in the adult literature. With
a comprehensive view of new and worsening physical,
neurocognitive and mental health morbidities affecting
critically ill children, future interventional research can
be conducted using common language and tools for
measuring outcomes with the eventual goal of mitigating
these morbidities.

MATERIALS AND METHODS

All prospective, cross-sectional and retrospective studies
examining physical, neurocognitive and/or mental
health morbidity in pediatric critical care survivors
after discharge were included if the study included a
heterogeneous PICU sample. Studies focusing on one
specific disease or subpopulation were excluded (e.g.,
patients with traumatic brain injury or congenital heart
disease) as the aim of this review was to examine the
extent of morbidities mentioned above on as broad a
group of pediatric critical care survivors as possible.
Studies primarily focusing on families or caregivers,
as opposed to children, were not included. In addition,
studies in neonates admitted to a neonatal intensive
care unit were excluded due to key neurodevelopmental
differences between the NICU and PICU population.
The literature search (Appendix A) was conducted
on March 28, 2016 with the collaboration of an infor-
mationist to identify relevant articles and was applied to
MEDLINE, EMBASE, the Cochrane Library, PsycINFO, and
CINAHL. Controlled vocabulary, such as Medical Subject
Headings and Emtree terms, when appropriate, were
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Records excluded

Figure 1 PRISMA flow diagram.

used in combination with keywords for the concepts of
PICUs and PICS. The concept for PICUs included terms
such as pediatric intensive care unit, PICU, and pediatric
critical care. The concept for PICS included terms such
as PICS and post-ICU syndrome, as well as terms likely
to return articles that had a discussion of the physical,
cognitive and psychological morbidities associated with
a pediatric critical care admission, such as quality of life
and wellbeing. An effort was made to account for plurals,
acronyms, and synonyms. The search was limited to
English-language articles. Search results yielded 3176
results, which were then reviewed by two independent
reviewers for eligibility. A total of 252 of these articles
met the inclusion criteria and were retrieved for full text
review (Figure 1). In addition, references of the included
studies and review articles were inspected in order to
identify additional relevant studies.

RESULTS

Nineteen studies of critically ill children surviving ad-
mission who were followed up after hospital discharge to
assess for physical, neurocognitive, and mental health
morbidities were included in this review (Table 1),
Within each broad morbidity category, heterogeneous
patient populations (e.g., age), outcome measures, and
follow-up time points were used. Thus, while the authors
intended to perform a quantitative synthesis of included
studies, this was not possible and a qualitative synthesis
was conducted. We categorized included articles by the
type of morbidity after pediatric critical illness according
to the definition of PICS previously described. The
majority of included articles examined physical and psy-
chological morbidity while a small proportion focused on
neurocognitive morbidity following PICU admission.

Physical and functional morbidity
Nine studies reported physical and functional morbidity
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after PICU admission (Table 1). Namachivayam et af*
examined and compared three different cohorts of
PICU patients in the years between 1982 and 2006,
evaluating outcomes both at discharge and at follow-up
months to years later. The modified Glasgow Outcome
Score (MGOS) was used to assess long-term functional
outcomes in 4010 patients. Categories included: (1)
normal or functionally normal (both intellectually and
physically); (2) mildly disabled but likely independent;
(3) moderately disabled and dependent on care; (4)
severely disabled and totally dependent on care; and
(5) death. The MGOS was determined based on parent/
guardian interview or patient interview if the patient
had reached adulthood and was independent at time of
follow-up. The proportion of children with moderate to
severe disability at long-term follow up was 8% of 700
children in 1982 and 18% of 717 children in 2005-2006,
an increase of 112%. Of note, in 1982 and 1995, a
high proportion of children were followed up (100%
and 84%, respectively), but 58% of children were lost
to follow-up in the 2005-2006 cohort. There was also a
shorter period of surveillance (median 1.1 years) in the
most recent cohort.

Two years later, Namachivayam et al'“- reported
the functional outcomes and quality of life of children
admitted to a PICU with a length of stay greater than or
equal to 28 d over a period of 20 years. Follow-up after
ICU admission was at least 6 mo later with a median
of 4 years, and pre-admission health status and long-
term functional outcomes were assessed using the
MGOS. Greater than 50% of survivors (63/117) had a
favorable outcome, meaning that they were likely to lead
an independent existence (normal, functionally normal
or mild disability). However, more than two-thirds of the
initial cohort admitted to the PICU had an unfavorable
outcome (moderate or severe disability or death).
Notably, 86% of the long-stay patients had pre-existing
comorbidities.

[21]
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Table 1 Summary of included studies

Ref. Design n Age Patient Timing of Measures used Main findings
sample follow-up
Physical morbidity after pediatric critical illness
Als et al®™ Prospective 88 (100  5-16 yr PICU 5 mo (median) Strengths and Difficulties Significant minority of school
cohort controls) admission Questionnaire; Chalder aged children at risk for short-
for =28 d Fatigue Scale; Children’s term physical morbidity
Sleep Habits Questionnaire;
Impact of Event Scale
Colville et al™  Prospective 97 >7yr 3moand 1yr Pediatric QOL Inventory PQLI scores lower at 3 mo
cohort compared to non-clinical
community sample but
comparable at 1 yr
Physical functioning subscale
lower in PICU survivors but
improved over time
Gemke et al™  Prospective 226 Children lyr Multiattribute health status Health status in 75% of
cohort up to 16 yr, classification population preserved
excluding
infants
Jayashree et al" Prospective 150 1-12 yr lyr Multiattribute Health Status QOL preserved in approximately
cohort Classification 75% of patients
Neurological illness risk factor
for decline in QOL
Jones et al™” Descriptive 1455 26 mo 6 mo Health Utilities Index 2 27% of children with no
study impairments
Knoester et al"® Prospective 81 1-15 yr 3 moand 9 Children’s QOL Health related QOL improves
cohort mo Questionnaire over time
Namachivayam Cohort 4010 All ages 2.5-3 yr (1982); Modified Glasgow Outcome Proportion of survivors with
et al® study and including 2.5-6 yr (1995); Score; Health Status Utility ~moderate or severe disability T
prospective adults at time 0.5-29 yr Index in 2005-2006 compared to 1982
database of follow-up (2005-2006) and 1995
review
Namachivayam Prospective 233 Median Long-stay > 6 mo; Modified Glasgow Outcome Long term functional outcome
et al®™ cohort 4.2 mo at patients  median of 4 yr Scale; Health Utilities Index favorable in 50% of survivors
admission Mark 1 QOL poor in 68%
Taylor et al™  Prospective 1032 0-29 yr 2-6 yr Glasgow Outcome Score; Majority of children survive with
cohort Health State Utility Index excellent QOL and functional
Mark 1 outcome
Neurocognitive morbidity after pediatric critical illness
Als et al”! Prospective 88 (100  5-16 yr 3-6 mo Same as Als 2015 Children have deficits in
cohort controls) neuropsychologic performance
and school performance
Als et al” Prospective 23 5-16 yr lyr Cambridge Persistently reduced
cohort Neuropsychological neuropsychological function in
Automated Battery; PICU survivors
Children’s Memory Scale;
Wechsler Abbreviated Scale
of Intelligence or Wide
Range Intelligence Test
Psychological morbidity after pediatric critical illness
Als et al™ Prospective 88 (+ 100 5-16 yr PICU 5 mo (median) Strengths and Difficulties Significant minority of school
cohort controls) admission Questionnaire; Chalder aged children at risk for short-
for>28d Fatigue Scale; Children’s term mental morbidity
Sleep Habits Questionnaire;
Impact of Event Scale
Bronner et al"” Prospective 36 8-17 yr 3moand9  Dutch Children’s Responses 34.5% of children had subclinical
cohort mo to Trauma Inventory PTSD
13.8% likely to meet criteria for
PTSD
Colville et al"  Prospective 102 7-17 yr 3 mo ICU Memory Tool; 32% reported delusional
cohort abbreviated Impact of Event memories
Scale Post-traumatic stress scores
higher in those with delusional
memories
Longer courses of opiates/
benzos associated with
delusional memories
WJCCM | www.wjgnet.com 127 May 4, 2017 | Volume 6 | Issue2 |
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Colville et al™  Prospective 66 7-17 yr 3moand 12  Children’s Revised Impact of At3 mo, 32% of children
cohort mo Event Scale experienced posttraumatic
stress symptoms; 26% at 12
mo
Dow etal™  Prospective 59 6-16 yr 6 mo Children’s PTSD Inventory ~Minority (17%-29%) of
cohort children met PTSD criteria
Muranjan et Prospective 30 25yr Ageand sex 1mo Impact of Event Scale; PICU patients subjected to
al™ cohort matched to Birleson Depression therapeutic interventions
pediatric Scale; Self-Esteem Scale; have transient
general wards Therapeutic Interventions  psychological impairment
patients Scoring System; following admission
Temperament Measurement
Schedule
Rees et al™ Retrospective 68 5-18 yr Compared to  6-12 mo Clinician Administered 21% of PICU patients
cohort general ward PTSD Scale for Children; developed PTSD compared
patients Impact of Event Scale; to none of the ward
Strengths and Difficulties patients
Questionnaire; Birleson
Depression Scale; Revised
Children’s Manifest Anxiety
Scale; Child Somatization
Inventory
Rennick et al®  Prospective 60 per 6-17 yr Ageand sex 6wk and 6 mo Invasive Procedure Score; ~ Regardless of hospital
cohort cohort matched to Children’s Impact of Event  location: greater degree
pediatric Scale; Posthospital Behavior of invasiveness, illness
general wards Questionnaire; severity and younger
patients Children’s Health Locus of age contribute to higher
Control Scale; Child Medical likelihood of posttraumatic
Fear Scale stress response after
discharge
Rennick et al®!  Prospective 60 6-17 yr 6 wk and 6 mo Children’s Impact of Event  Children who have high
cohort Scale; Children’s Medical numbers of invasive

Fears Scale; Children’s
Health Locus of Control
Scale

procedures at higher risk of
developing psychological
morbidity 6 wk after
discharge

PICU: Pediatric intensive care unit; PTSD: Post-traumatic stress disorder; QOL: Quality of life.

Jones et al''”! assessed outcomes at 6 mo after

PICU admission based on the Health Utilities Index
questionnaires returned by 1455 families of children six
months and older. The Health Utilities Index examines
sensation, cognition, emotion, pain, mobility and self-
care attributes. Sixty-eight percent of children had no
mobility impairment. However, the consent rate for
follow-up evaluation was only 39% of children who
survived to PICU discharge and those who did not
provide consent had greater illness severity and were
more likely to have previous comorbidities.

Als et a® investigated physical well-being from the
standpoint of fatigue and sleep difficulty. Eighty-two
children admitted between 2007 and 2010 were followed
up three to six months after discharge and compared to
93 healthy controls. They found that 38% of critical care
survivors were at risk for fatigue disorder compared to
1% of healthy controls using the Chalder Fatigue Score.
Additionally, 72% of PICU patients vs 49% of healthy
controls were at risk for a sleep disorder. Fatigue was
predicted by vulnerability factors, including white race
and nonintact homes, while sleep disturbance was not.

Taylor et al®' evaluated long-term quality of life
and functional outcome after pediatric critical illness in
children 0 to 29 years of age. The patients were followed
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up at a median of 3.5 years after PICU discharge. The
Glasgow Outcome Score was used to assess functional
outcome while the Health State Utility Index (Mark 1)
was used to assess quality of life. Of the 1032 children
admitted to the PICU in 1995, 868 patients had follow-up
data. Only 10% of survivors had an unfavorable outcome
likely to lead to dependency on other’s care. The majority
of children (84%) also had a favorable quality of life,
however, 29% of children survived with disabilities.

In contrast to the traditionally reported parent sur-
veys, Colville and Pierce™ investigated children’s self-
reported quality of life. Ninety-seven children over the
age of 7 were followed up at 3 mo and 1 year after PICU
discharge with the Pediatric Quality of Life Inventory
(physical, emotional, social and school functioning)
among other surveys. Children with significant learning
difficulties were excluded. At three months after
discharge, the Pediatric Quality of Life Inventory scores
were lower in the PICU group compared to a non-clinical
community group reported in previous literature. One
year after discharge, the scores were comparable. The
physical functioning subscale scores were lower in the
PICU group but improved over time.

Three studies investigated changes in mobility among
PICU survivors. Jayashree et al*® found that mobility
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was affected in 49% of 150 critically ill children prior to
admission while at 1 year after discharge 89% of these
children had improving or unchanged mobility. Knoester
et al'® reported similar improvement in mobility
when studying previously healthy children admitted
unexpectedly to a PICU who were then followed up three
and nine months after discharge. In the six to twelve
year cohort, parents reported worse motor function at
three months but not at nine months; adolescents also
self-reported worse motor functioning at three months
only. Parents and children who completed questionnaires
at both time points demonstrated no difference in overall
health related quality of life over time. Gemke et af™”
reported health-related quality of life of 226 patients,
excluding infants, one year after PICU admission. Pre-
admission health status was estimated based on a
questionnaire completed by parents during an interview
within 48 h of admission. The multiattribute health status
classification (MAHSC) was used as a generic health
status measure. At twelve months after discharge, only
10% of patients had deterioration in mobility.

Several other studies evaluating quality of life
using various validated measures but only provide an
assessment of overall quality of life without results from
each category examined (e.g., physical function)®®2¢2%,

Neurocognitive morbidity

Two of the included studies described neurocognitive
morbidities in PICU patients. In a study of the same PICU
cohort and healthy controls described under physical
and functional morbidities'™, Als et a/'”’ evaluated
neuropsychological function and academic performance.
The children admitted to the PICU were placed into
three subgroups: Meningoencephalitis, sepsis, and
those with nonneurologic and nonseptic critical ill-
ness. The neuropsychologic battery was designed to
focus on primarily intellectual function, memory and
attention. Both the PICU cohort and the healthy controls
had average IQs; however, the PICU cohort scored
significantly lower on measures of verbal and visual
recall and recognition memory, spatial working memory
and working memory capacity, and visual sustained
attention. Younger age, lower socioeconomic status and
the meningoencephalitis subgroup were significantly
associated with more widespread impairment. The
academic questionnaire completed by teachers of PICU
patients and healthy controls revealed more PICU
children with deteriorating academic performance, with
the sepsis group showing greatest deterioration, most
difficulty with schoolwork completion and attention
problems. Interestingly, the nonneurologic/nonseptic
critical care cohort did not show any difference in school
performance compared to healthy controls.

Finally, in a subsequent prospective follow-up study
by Als et al*’, the 23 of 47 children who were identified
as neuropsychologically impaired at three to six months
following PICU admission were then evaluated 12 mo
after PICU discharge in order to better understand
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the persistence of these impairments. At the three to
six month follow-up vs twelve month follow-up, there
was no significant change in IQ scores; however, there
was improvement in some verbal and visual memory
domains. The questionnaires completed by school
teachers did not show significant change in children’s
global educational progress or learning skills.

Psychological morbidity

Nine studies focused on psychological morbidity in
PICU survivors. Most recently, Dow et at**! explored the
prevalence and presentation of posttraumatic stress in
59 school-aged children and adolescents six months
after PICU admission lasting at least eight hours. Post-
traumatic stress disorder (PTSD) was evaluated using the
Children’s PTSD Inventory during a clinician administered
interview. Depending on the criteria and algorithm used,
the prevalence of PTSD found was 17%-29%. All patients
reported the following symptoms most frequently: Ina-
bility to recall aspects of the event, hypervigilance,
avoidance of thoughts or feelings, physiological reactivity
to trauma reminders, and intrusive thoughts or pictures.
School-aged children more frequently endorsed avoi-
dance of thoughts and feelings while adolescents more
frequently endorsed difficulty concentrating.

Colville and Pierce examined rates and natural history
of post-traumatic stress symptoms in families after a
pediatric critical care admission, including 66 children at
both three and twelve months after PICU discharge™?.
While the study evaluated child-parent pairs, the data for
children was reported separately. The Children’s Revised
Impact of Event Scale (CRIES-8), a brief, validated
scale which detects posttraumatic symptoms and PTSD
was chosen as the questionnaire for children. At the
three and twelve-month time points, 32% and 26%
of children demonstrated symptoms of post-traumatic
stress respectively, with no significant change in median
score. However, seven children who did not initially score
positive at three months after discharge scored positive
at twelve months. Of note, those children who scored
positive for PTSD at twelve months after discharge
had higher scores at three months as well as higher
Pediatric Index of Mortality (PIM) scores on admission.
The authors suggested that the subjective experience
of a child influences likelihood of future distress more so
than objective experience (e.g., demographic or medical
variables). Participants in the study were also asked what
the “worst thing” was during PICU admission. Many of
the children pointed to one specific distressing event
in the PICU (e.g., hallucinations, waking up and not
knowing where their parents were). Interestingly, 35%
of children stated that the worst experience occurred
outside of the PICU (e.g., the inciting incident that led to
admission or deterioration prior to admission).

Four years earlier, Colville et al™" followed 102 children
ages 7 to 17 at a median of 3 mo after PICU discharge to
determine if delusional memories from PICU admission
were associated with post-traumatic stress symptoms.
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Children’s memories were characterized using the ICU
Memory Tool and the Children’s Revised Impact of Event
Scale was used to screen for posttraumatic symptoms.
Thirty-two percent of the children had delusional mem-
ories, and only two patients reported these memories
occurring outside of the time of their PICU stay. A longer
course of opiates and benzodiazepines was associated
with delusional memories, and children with delusional
memories had higher post-traumatic stress scores. There
was not, however, a significant association between
factual memory and post-traumatic stress symptoms.

A number of the included studies focused on risk
factors for psychological morbidity after PICU admission.
First, Rennick et ai*® conducted a study in 2002 com-
paring 120 children six weeks and six months after
hospital discharge admitted to either a PICU or a general
pediatric ward. Several scales were used to assess
the presence and degree of psychological impairment.
Regardless of admission location, they found that children
with a younger age, greater iliness severity, and those
subjected to a greater number of invasive procedures
had ongoing posttraumatic symptoms, lower sense of
control over health, and more medical fears six weeks
after hospital discharge. At six months after discharge,
only the children who were exposed to higher numbers
of invasive procedures had significantly more medical
fears and symptoms of posttraumatic stress.

As a follow up to this study, Rennick et af** investigated
if there was a group at higher risk for developing psy-
chological morbidity after PICU discharge. PICU patients
were categorized as high risk (vs low risk) for developing
psychological morbidity if they had higher severity of
illness and higher number of invasive procedures. Similar
to findings in the previous study, it was found that the
children with high numbers of invasive procedures were at
higher risk of developing psychological problems 6 wk after
discharge. At 6 mo after discharge, the high risk group had
a significantly higher prevalence of posttraumatic stress
symptoms.

In another study of risk factors for psychological
morbidity, Muranjan et a*® enrolled 30 medical patients
who survived a PICU admission and compared them
to a control group of 30 children admitted to a general
pediatric ward. Children were followed up one month
after discharge to evaluate psychological symptoms.
This study found that children admitted to the PICU and
general wards had comparable pre-morbid temperament,
as well as self-esteem scale and depression scores.
Children admitted to the PICU initially reported more
intrusive thoughts compared to the general ward cohort
(43% vs 77%, respectively) within the first 24 h after
discharge but scores were comparable one month after
discharge, suggesting posttraumatic symptoms were
short lived. While development of intrusive thoughts
correlated with degree of intervention, demographic
factors, underlying disease, severity of illness and length
of hospitalization did not correlate with degree of psy-
chological morbidity.

In a retrospective cohort, Rees et al'**! aimed to

WJCCM | www.wjgnet.com

JRaishideng®

130

determine if patients discharged from a PICU had greater
psychological morbidity compared to children discharged
from a general ward. Children ages five and older were
included and followed up 6 to 12 mo after discharge.
Children with meningococcal disease, terminal illness, an
underlying neurologic disorder, or intentional overdose
were excluded. Of patients admitted to the PICU, 21%
met diagnostic criteria for PTSD with symptoms of
irritability and persistent avoidance of reminders of their
admission being most prominent; however, only one
(vs four) PICU patients was diagnosed with PTSD at the
interview. None of the pediatric ward patients developed
PTSD, and there was no significant difference between
the two groups in scores relating to anxiety, depression
or somatization.

Bronner et al'™® compared the development of
PTSD in pediatric critical care survivors to children who
survived a major fire disaster. This group investigated
the presence of PTSD in a cohort of 36 previously healthy
children admitted unexpectedly to the PICU three and/or
nine months after discharge. Children completed the
Dutch Children’s Responses to Trauma Inventory, which
identified 34% with at least subclinical PTSD at 3 mo
with 14% of those children likely to meet criteria for
PTSD. At nine month follow-up, 36% of children had at
least subclinical PTSD with 18% of those children likely to
meet criteria for PTSD. Only two children had a change in
score between the three month and nine month follow-
up time points (one going from normal to subclinical, the
other subclinical to normal). Compared to survivors of a
major fire disaster in the Netherlands, the investigators
found that the PTSD scores of children in both groups
were comparable. Of note, the PICU population studied
in this paper were at risk for possible brain damage,
perhaps falsely elevating the number of children who fell
into the categories of subclinical PTSD or likely to meet
criteria for PTSD due to overlap in symptoms.

Finally, in the same article by Als et a/® discussing
physical morbidity after PICU admission, presence of
mental health morbidity was also assessed. A ques-
tionnaire was mailed to the families who agreed to
participate. Thirty-four percent of children scored at risk
for PTSD. In addition, the PICU group scored significantly
worse than the control group on the sections of emotional
symptoms and hyperactivity. Moreover, twenty percent
of the PICU group scored at high risk for a psychological
disorder, compared to 9% in the healthy control group.
Septic illness was an independent predictor of post-
traumatic stress symptoms.

DISCUSSION

This systematic review summarizes the available liter-
ature from nineteen studies investigating outcomes in
survivors of pediatric critical illness within the context of
PICS. The synthesis revealed that, similar to adult ICU
patients, a wide range of physical, neurocognitive and
psychological morbidities occur in PICU patients after
discharge™!. The populations investigated encompass
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a heterogeneous group of subjects with regard to
age, type of illness, illness severity, length of hospital
stay, and medical interventions. Many, but not all,
studies excluded patients with traumatic brain injury
or baseline neurocognitive dysfunction. Children were
also followed up after hospitalization at different time
points, including weeks to months to years later. A major
source of heterogeneity was the outcome measures
and assessment tools utilized across each category
of PICS morbidities. However, this synthesis identifies
a critical need to continue to define the landscape of
pediatric PICS and guide future research directions by
characterizing the types and extent of morbidities that
exist in survivors of pediatric critical iliness.

Patients and families are substantially impacted by
critical illness, and the changing spectrum of critical
iliness, technological advances, and improved survival
has translated to increased morbidity in the pediatric
population™*”., The sequelae of PICS can lead to reduced
quality of life and functional impairments, in addition to
increased societal costs™**?, Major differences between
children and adults with regard to the implications of
PICS include increased years of survival with morbidity
after critical iliness and the complex nature of interactions
between PICS and the developing brain.

Physical and functional morbidity

In several studies investigating physical and functional
morbidity in pediatric critical illness survivors, information
was gleaned from quality of life surveys that included
specific information about physical functioning after PICU
admission!***182%] Multiple screening tools were used
to determine the presence or absence of morbidity. Some
studies used one follow up time point, which could be
within a range of times after PICU discharge, while others
used multiple follow up time points. Studies indicated
that the minority of survivors of pediatric critical illness
have physical morbidities, and if they are present after
hospital discharge they decrease over time. For example,
one study reporting health related quality of life found
that only about 10% of patients (excluding infants) had
a deterioration in mobility 1 year after PICU admission,
compared to “pre-admission” health status™'. However,
another study comparing PICU populations in 1982 and
2006 did find that a considerably greater percentage
of patients had moderate to severe disabilities in 2006
(8% vs 18%)™. This is not a surprising finding as mo-
re children survive critical illness with improvements
in medical care and technology. However, this trend
highlights an increased need for early mobilization and
acute rehabilitation initiatives in the PICU to decrease the
risk of ICU-acquired weakness and potentially increase
functional outcomes after discharge®***3,

Neurocognitive morbidity

Of the three broad types of morbidity included in
the definition of PICS, this review yielded the fewest
number of articles related to neurocognitive morbidity
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after pediatric critical illness. The same team of authors
published two papers assessing the neurocognitive
function of school-aged children at 3 to 6 mo and 12 mo
after critical iliness”®’. These patients were compared
to healthy controls. While both groups of children had
average IQs at the 3 to 6 mo time point, it is important
to note that those who survived critical illness had
consistently lower scores in verbal and visual domains,
particularly in patients who had meningoencephalitis.
Moreover, risk factors for greater neurocognitive impair-
ment at time of initial follow up included those of
younger age and with lower socioeconomic status. At
12 mo, there was some improvement in verbal and
visual domain scores but no significant change in global
education progress, suggesting that neurocognitive
impairment in certain domains may improve over time,
or at least not become worse. Regardless, it is important
to consider which children may have more difficulty in
school and with certain types of daily tasks after they
leave the PICU, whether based on demographics or type
of illness, so that they can receive additional educational
support once they have returned to school. Large-scale
studies are needed and ongoing to better characterize
the short and long-term neurocognitive morbidity
associated with pediatric critical illness in the developing
brain®®.

Psychological morbidity

Although the evidence is limited, psychological morbidity
has perhaps been the aspect of PICS that has received
the most attention after PICU discharge!®!01%1419:22-4]
All studies included in our review evaluated school-aged
patients for post-traumatic stress symptoms, which may
be related to “post traumatic stress” being included as
a specific term in the search strategy encompassing
psychiatric morbidity after PICU admission. However,
multiple screening tools were utilized to determine
the presence or absence of symptoms. Follow up time
points ranged from 6 wk to 12 mo after critical illness.
The synthesis of studies suggests that psychological
morbidity including post-traumatic stress occurs in one-
third of PICU survivors. Of importance, several studies
investigating two time points found that post-traumatic
stress symptoms seem to attenuate over time.

Several studies also aimed to investigate potential
risk factors for developing post-traumatic stress sym-
ptomst® 192324 " geptic illness was an independent
predictor of post-traumatic stress in one study™, while
three others found that increased numbers of invasive
procedures or interventions increased the risk of psy-
chological morbidity!**?*?*, Delusional memories were
associated with increased benzodiazepine or narcotic
administration during a PICU course™!. Benzodiazepines
are an independent risk factor for delirium in the adult
ICU patient, and emerging evidence in pediatrics suggests
a similar association**, With validated screening
tools available to diagnose delirium in the PICU, PICU
providers are obligated to address risk factors and treat
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delirium using non-pharmacologic and pharmacologic
therapies in consultation with child psychiatry™ . Sleep
disturbances including night terrors are not an uncommon
sequelae after ICU discharge in both pediatric and adult
patients®***1 An improved understanding of risk
factors for psychological morbidity is crucial to facilitate
anticipatory guidance for families after a child is discharged
from the PICU.

Challenges in PICS research

A major barrier to PICS research that is obvious but
challenging to resolve is that it is difficult to establish an
accurate pre-admission baseline for children admitted
to the PICU. Thus, studies that attempt to compare
pre-morbid or pre-admission conditions of pediatric
patients rely upon either parent and/or child memory
of a patient’s functioning prior to admission. Families
are likely in a significant state of stress when asked to
recount their children’s pre-admission status within the
48 h of admission. Many of the studies in this review
used control groups, such as normal pediatric population
controls or pediatric ward patients, in order to understand
how the trajectory of survivors of pediatric critical illness
compared. However, it would be ideal to understand a
patient’s trajectory starting before PICU admission, in
the PICU, and after discharge from the PICU in order to
best understand if morbidities that develop after a PICU
admission are persistent and to what degree compared
to pre-iliness condition.

Another impediment is that many of the measure-
ment tools used to assess quality of life, physical,
neurocognitive or psychological morbidity rely primarily
on parental assessment. This is necessary in many
circumstances when a patient’s developmental level
does not allow for him or her to understand or answer
questions, but parents were also asked to answer
questions or fill out surveys in many circumstances when
a child could have done the same. A parent’s response
may not accurately represent the thoughts, feelings and
experiences of the child. For example, one study found
that the agreement between parent and child report
is poor™®. In the future, an effort should be made to
include child report when possible.

Finally, none of the studies reviewed discuss the
impact of delirium on morbidity experienced by survivors
of pediatric critical illness. Delirium is an independent
predictor of increased hospital length of stay, prolonged
mechanical ventilation, long-term cognitive impairments,
and PTSD in adults®**". There is relatively little data
on morbidity associated with delirium in the pediatric
critically ill population®®. Case reports and point pre-
valence studies suggest rates of pediatric delirium
between 10% and 30%P#****%, As the concept of pe-
diatric delirium becomes better recognized and studied,
it will be interesting to understand the interplay between
critically ill children diagnosed with delirium and its effect
on long-term morbidities.

Future directions

This systematic review has identified the wide range
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of morbidities that fall within the construct of PICS
in PICU patients. An important next step will be to
closely examine what is already known about these
physical, neurocognitive and psychological morbidities
to define pediatric PICS and come to a consensus on
the most relevant and generalizable outcome measures.
Ultimately, the aim is to develop interventions both in
the PICU and after discharge to help mitigate potential
ongoing impairment resulting from critical illness and
medical interventions. Many PICUs have already started
to address ways to minimize morbidity such as promotion
of early mobilization, improved sedation plans, delirium
screening and even ICU diaries™” in an effort to blunt
the physically and mentally traumatic effects of critical
illness. However, it is important for pediatric intensivists
to first acknowledge the morbidity that persists beyond
PICU discharge and agree upon consistent language
and outcome measures so that effective and targeted
interventions will become integrated into part of daily
care starting in the PICU.

This systematic review evaluates the presence of
PICS in pediatric survivors of critical illness. Physical,
neurocognitive, and psychological morbidity affects a
significant minority of this vulnerable population. These
findings will likely help focus future research efforts
on this topic in order to gain a better understanding of
which children are most susceptible to developing PICS
and of what can be done to mitigate these morbidities.
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COMMENTS

Background

In 2010, an adult consortium developed the concept of postintensive care
syndrome (PICS), which encompasses physical, cognitive and mental health
morbidities that exist in a high percentage of adults after critical illness. The
aim of this current review was to summarize the relevant pediatric literature
on these types of morbidities in a general pediatric intensive care unit (PICU)
population and understand how widespread this recently described syndrome is
among pediatric survivors of critical illness.

Research frontiers

Mortality is a rare event in pediatric critical illness, however, it has often been
used as an outcome measure in research studies. More appropriate outcome
measures include different types of morbidity. It is important to understand
what kinds of morbidities burden children after critical illness and how a
multidisciplinary team both in the PICU and in follow up settings can mitigate
morbidities that develop during and persist after critical illness.

Innovations and breakthroughs

Previous studies have shown different types of morbidity that exist in survivors
of pediatric critical illness but there has been no review of pediatric literature
through the lens of PICS.

Application

Children who survive pediatric critical iliness can develop physical, neuro-
cognitive and/or psychological morbidity after hospital discharge. Knowing this,
the authors can better define the extent and natural history of these morbidities
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and take measures to mitigate morbidity that results from critical illness and its
treatment.

Terminology
PICS: Postintensive care syndrome; PICU: Pediatric intensive care unit.

Peer-review
Herrup et al present a nice and informative overview. The work is well written,
based on a systematic literature review, and informative.
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Abstract

Thrombotic microangiopathies (TMA) are microvascular
occlusive disorders characterized by platelet aggregation
and mechanical damage to erythrocytes, clinically
characterized by microangiopatic haemolytic anemia,
thrombocytopenia and organ injury. We are reporting a
case of a woman patient with severe hemolytic uremic
syndrome associated to infectious diarrhoea caused by
Shiga toxin-producing pathogen, who were admitted to
our intensive care unit. The patient described developed
as organ injury, neurological failure and acute renal
failure, with need of haemodialysis technique. Due to
the severity of the case and the delay in the results of
the additional test that help us to the final diagnose,
we treated her based on a syndromic approach of TMA
with plasma exchange, with favourable clinical evolution
with complete recovery of organ failures. We focus on
the syndromic approach of these diseases, because
thrombotic thrombocytopenic purpura, one of the dis-
orders that are included in the syndromes of TMA, is
considered a haematological urgency given their high
mortality without treatment; and also review the TMA in
adults: Their pathogenesis, management and outcomes.

Key words: Hemolytic uremic syndrome; Eculizumab;
Thrombotic microangiopathies; Plasma exchange; Adult
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Core tip: This case report of an adult patient with throm-
botic microangiopathy associated to infectious diarrhoea
caused by Shiga toxin-producing pathogen, shows the
syndromic approach of thrombotic microangiopathies in
adults, with a review of pathogenesis and management of
this diseases.

Pérez-Cruz FG, Villa-Diaz P, Pintado-Delgado MC, Ferna-
ndez_Rodriguez ML, Blasco-Martinez A, Pérez-Fernandez M.
Hemolytic uremic syndrome in adults: A case report. World J Crit
Care Med 2017; 6(2): 135-139 Available from: URL: http://
www.wjgnet.com/2220-3141/full/v6/i2/135.htm DOI: http://
dx.doi.org/10.5492/wjccm.v6.i2.135

INTRODUCTION

Thrombotic microangiopathies (TMA) are microvascular
occlusive disorders characterized by platelet aggregation
and mechanical damage to erythrocytes™™. With a low
incidence!”, they are characterized by microangiopathic
hemolytic anemia and thrombocytopenia, with different
grades of other organ injury (mainly acute renal failure,
neurological and cardiac involvement). Primary TMA
syndromes include thrombotic thrombocytopenic purpura
(TTP) in their congenital (Upshaw-Schulman syndrome)
and acquired varieties, the haemolytic-uremic syndrome
(HUS) associated to infections caused by Shiga toxin-
producing pathogens and the atypical HUS, associated
to uncontrolled activation of the alternative pathways
of complement activation®’. Secondary TMA are as-
sociated to HELLP Syndrome and severe preeclampsia in
pregnants, or induced by autoimmune disorders, drugs,
systemic infections (HIV, HIN1) and organ transplan-
tations'”.

CASE REPORT

A 67-year-old woman, with a personal history of hyper-
tension, type 2 diabetes mellitus and dyslipidemia,
attended the emergency department for abdominal pain,
bleeding diarrhoea and nausea of 3 d of evolution. On
examination at emergency arrival, the blood pressure
was 95/71 mmHg, the temperature 36.3 C, the oxygen
saturation 92% while breathing ambient air; on physical
examination highlighted a diffuse abdominal painful
without signs of peritonism.

The laboratory test showed leucocytes count 7.3 x
10° L, haemoglobin 12.6 g/dL, platelet count 96 x 10’
pL; serum creatinine 1.45 mg/dL, serum sodium 132
mmol/L and serum potassium 4.5 mmol/L. She was
diagnosed of acute gastroenteritis of probable infectious
origin and acute prerenal failure, and treated with fluids,
proton pump inhibitor, antiemetics and intravenous
antibiotic therapy with ciprofloxacin and metronidazole
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after sending for culture stool specimens. Despite the
established treatment, the patient continued on anuria
with unfavourable evolution on blood test (Table 1). A
first blood smear showed a non-significant schistocytes
count (< 1%).

Due to the unfavourable evolution an abdominal CT
scan was done, suggestive of proctitis (inflammatory/
infectious) and cortical hypoperfusion of both kidneys.
At third day she was admitted to intensive care unit
(ICU) due to neurological failure with bradipsiquia, anuria
and worsen of blood test analysis (Table 1) without
hemodynamic instability nor respiratory failure. A
blood test analysis for anemia study was done showing
haemoglobin 11.2 g/dL, haptoglobin < 6.63 mg/dL,
lactate dehydrogenase 1125 U/L, elevated schistocytes
count on blood smear and negative direct antiglobulin test,
being diagnosed of microangiopathic haemolytic anemia.
This along with anuric renal failure and thrombocytopenia
(post transfusion platelet count 59 x 10° pL) led to the
diagnosis of TMA, and a treatment with urgent plasma
exchange and methylprednisolone at a dose of 1 mg/kg
per day; also the situation of uremia forced to make a
first session of haemodialysis. After receiving the result
of ADAMTS13 (disintegrin and metalloproteinase with
a thrombospondin type 1 motif, member 13) test, 24
h later, which were on normal range (55.9%), the daily
sessions of plasma exchange were maintained due to
the possibility of being severe atypical HUS due to the
deterioration of neurological situation and persistence of
anuric renal failure; the levels of complement c3 were
on low limit of normal range (75 mg/dL). At fourth day
of ICU admission the treatment with plasma exchange
was discontinued after isolation of verotoxin 2-secreting
Escherichia Coli in stool culture. The patient followed a
favourable clinical evolution. She presented progressive
improvement of neurological symptoms after the third day
of ICU admission, being transferred to ward at fifth day of
admission. The improvement of renal failure was slower,
with recovery of diuresis at second week and needing
haemodialysis session until the 23" day of hospital st-
ay. Renal biopsy (Figure 1) confirmed the diagnosis
with histological changes compatible with thrombotic
microangiopathic involvement in initial acute phase. At
haematological level, the anemia increased at a slow rate,
so there were no need of red-cell transfusion until sixth
day of hospital stay. Regarding the platelet count, the
decrease was more marked requiring platelet transfusion
the first day of admission to the ICU to perform invasive
techniques.

DISCUSSION

As shown in the presented case, the delay in the results
of the additional tests that help us to the final diagnosis,
forces us to carry out a syndromic approach. Given a TMA
syndrome it is forced to start the treatment with plasma
exchange without delay due to the fact that the delay in
initiating the treatment, in case of being a TTP, is known
to be correlated with the mortality rate®®. TTP must be
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Table 1 Evolution of laboratory parameters and needs for transfusion of products

Date (d/mo) 2/10 3/10 4/10
Cr (mg/dL) 1.45 2.02 5.19
Urea (mg/dL) - 98 132
LDH (UI/L) - - 1738
BT (mg/dL) - - -
Hb (gr/dL) 12.6 124 12
Platelet (uL) 96000 53000 42000
Haptoglobine - - -
Blood smear - No platelet aggregates, some -
schistocytes and equinocytes

Transfusions - - 1 platelet pool

5/10 6/10 8/10 9/10
5.82 5.19 5.24 6
138 107 115 145
- 1125 803 -

2 1.8 15 15

11.2 10.4 7.5 9.1
59000 59000 27000 21000
- <6.63 - -
Abundant - - -

schistocytes

Plasma exchange  Plasma exchange Plasma exchange -

1 red-cells package

The table shows the evolution of laboratory parameters and the treatment received. Cr: Plasma creatinin; LDH: Lactate dehydrogenase; BT: Total plasma

bilirubin; Hb: Plasma hemoglobin.

Figure 1 Renal biopsy. The image shows cortico-medullar renal tissue
with endothelial congestion, occasional interposition of mesangial cellularity
that in a segmental and focal way produces occlusion of vascular capillary
lights; aneurysmal dilation of the glomerular capillaries and some lights with
polymorphonuclear and fragmented erythrocytes, as well as histological
changes compatible with thrombotic microangiopathic involvement in the initial
acute phase are also observed (Hematoxilin-Eosine, 40 x).

considered a haematological urgency, with a mortality rate
near to 90% without an appropriated treatment (50%
during the first 24 h) due to ischemic complications (acute
cerebrovascular stroke, acute myocardial infarction or
cardiac arrhythmias). It is an unusual autoimmune disease
(4-6 cases per million per year) characterized by the
presence of antibodies directed against ADAMTS13 protein
which is involved on Von Willebrand factor (FvW) cleavage.
The decrease in plasma activity of such protein results
in unusually large FvW multimers and the risk of platelet
thrombi in small vessels with high shear rates of red-blood
cells; thrombocytopenia is caused by platelet aggregation
to form thrombi®®.. Levels of ADAMTS13 lower than 5%-
10% diagnose TTP. Treatment consists in removing
ADAMTS13-directed antibodies from circulation by plasma
exchange. The most common schedule is the replacement
of 1.5 plasma volemia/day until stabilization of clinical
parameters, when it is reduced to 1 plasma volemia/
d; in cases of vital risk it is possible the replacement
of 2 plasma volemia. Plasma exchange can be done
with unmodified fresh frozen plasma (FFP), inactivated
plasma or cryoprecipitated supernatant™. Corticosteroids
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may be given to patients presumed to have TTP at a
dose of prednisone 1 mg/kg per day, 1 to 2 mg/kg of
methylprednisolone per day or 1 g of methylprednisolone
initially for several days, and tapered once the patient
goes into remission. Rituximab, a monoclonal antibody to
CD20-positive B cells, is recommended in patients who do
not respond to or relapse after the combination of plasma
exchange and corticosteroids. In our case, treatment
began at 4 h after diagnosis at a daily dose of 1.5 plasma
volemia and reposition with FFP.

In the reported case, we received the results of
ADAMTS13 levels in 24 h allowing us to rule out the
diagnosis of TTP. Faced with the possibility of an atypical
HUS syndrome due to the persistence of anuria and
worsening of neurological symptoms, the treatment with
plasma exchange was maintained, and the treatment
with eculizumab was also evaluated.

This disorder represents the 5% of all the HUS, so it is
considered very uncommon. Usually it is more severe than
typical HUS, with neurological or multivisceral involvement
in 20% of HUS cases, evolving to chronic renal failure in
50%-80% of cases and with a mortality rate of 10%-15%.
It has been demonstrated that 50%-60% of patients carry
mutations in genes that control the synthesis of regulatory
proteins of complement activation (FHC, PCM, FIC,
THBD, FBC y C3) or exhibit immunological disorders with
antiFHC antibody development. Anomalous regulation
of the alternative pathway of the complement occurs
with activation of the coagulation cascade and secondary
formation of platelet microthrombi at the level of renal
capillaries™™®. This fact also explain the characteristics
low serum levels of C3 and C4 complement found in this
disorder. Unknown environmental factors must co-exist,
since 50%-80% of cases of atypical HUS are triggered
by infectious processes, mainly gastro-enteric diseases in
30% of cases (including Shiga toxin-producing Escherichia
coli diarrhoea)™. Diagnosis of atypical HUS is made by
exclusion, being reasonable to initiate a molecular-gene
study of the alternative pathway of complement without
delaying treatment™. Urgent plasma exchange has be-
en during several decades the only efficient treatment
available to decrease the morbidity and mortality of
atypical HUS, as it infuses regulatory proteins of the
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normal pathway of complement and eliminates mutant
proteins and antiFHC antibodies if they are present.
At present, the first line treatment is Eculizumab, an
humanized monoclonal 1gG2/4 kappa antibody that
joints to abnormal protein of C5 complement, blocking its
cleavage to C5a and C5b and preventing the generation
of the C5b-9 complex of the terminal complement™.
In our case, this treatment was evaluated, delaying the
decision until the arrival of the result of stool culture. After
the microbiological confirmation of isolation of verotoxin-
producing Escherichia Coli, the definitive diagnosis of
typical HUS was reached, stopping treatment with plasma
exchange and discouraging treatment with Eculizumab.

Typical HUS is an uncommon disease in adults. It
has a relatively good prognosis with a low mortality
and with an evolution to chronic renal failure only in
10% of cases; factors of poor prognosis are presence of
neurological symptoms and need of renal replacement
therapy at the beginning of the disease. Typical HUS is
associated to enteric infections by Shiga-toxin bacteria,
being the Escherichia coli (serotype 0157:H7) the most
frequent. Toxin liberation (Shiga-toxin or verotoxin 1 and
2) after ingestion of contaminated foods leads to damage
of intestinal mucosa, which explains the characteristic
bloody diarrhoea. After penetrating intestinal mucosa,
the toxin is transported through the blood to renal
tissue damaging endothelium of glomerular capillaries,
mesangial cells and tubular cells of kidneys. Endothelium
cells damage promotes a prothrombotic state with increase
of platelet adhesion and micro-thrombi formation™?*”.,
Shiga-toxin also induces secretion of abnormal multimers
of FvW increasing platelet adhesion. The fact that only
5%-15% of patients who had a gastro-enteric infection
develop an HUS indicates that others unknown factors
are necessary™®. Treatment remains supportive, the
use of antibiotics being controversial since there is an
increase of the release of toxin after the death of bacteria
leading therefore to an increased risk of developing HUS.
In typical HUS plasma exchange has no benefit. The role
of Eculizumab is uncertain; although the studies carried
out during the 2011 outbreak in Germany did not show
benefits', there are published short series and isolated
cases with good results, always in severe cases'’. In
our case despite the poor prognosis data (neurological
involvement and need of haemodialysis technique on
the first days) the treatment with that drug was rejected
after a favourable evolution and complete recovery of
renal function in a short period of four weeks.

COMMENTS

Case characteristics

A 67-year-old women, with hypertension, type 2 diabetes mellitus and
dyslipidemia, presented to emergency department with abdominal pain,
bleeding diarrhoea and nausea of 3 d of evolution.

Clinical diagnosis
The clinical diagnosis of thrombotic microangiopathies (TMA) was based on
the presence of thrombocytopenia and the development of acute renal and
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neurological failure.

Differential diagnosis
Other causes of thrombocytopenia, neurological and acute renal failure as
sepsis, and TMA entities.

Laboratory diagnosis
Thrombocytopenia and anemia, high serum creatinine and lactate
dehydrogenase, elevated schistocytes count on blood smear.

Treatment
In this case report, the authors described the early treatment with plasma
exchange.

Related reports
Due to the low incidence of TMA, although with high mortality in some entities,
treatment should be based on syndromic approach according to guidelines.

Experiences and lessons

In patients with TMA, if suspected of thrombotic thrombocytopenic purpura
exist, early treatment with plasma exchange must initiated due to its high
mortality rate.

Peer-review
The clinical course had been good writing and the background of the thrombotic
microangiopathies had been well reviewed.
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Abstract

Anesthesia and surgery have an impact on inflam-
matory responses, which influences perioperative
homeostasis. Inhalational and intravenous anesthesia
can alter immune-system homeostasis through multiple
processes that include activation of immune cells
(such as monocytes, neutrophils, and specific tissue
macrophages) with release of pro- or anti-inflammatory
interleukins, upregulation of cell adhesion molecules,
and overproduction of oxidative radicals. The response
depends on the timing of anesthesia, anesthetic agents
used, and mechanisms involved in the development of
inflammation or immunosuppression. Obese patients are
at increased risk for chronic diseases and may have the
metabolic syndrome, which features insulin resistance
and chronic low-grade inflammation. Evidence has shown
that obesity has adverse impacts on surgical outcome,
and that immune cells play an important role in this
process. Understanding the effects of anesthetics on
immune-system cells in obese patients is important to
support proper selection of anesthetic agents, which may
affect postoperative outcomes. This review article aims
to integrate current knowledge regarding the effects
of commonly used anesthetic agents on the lungs and
immune response with the underlying immunology of
obesity. Additionally, it identifies knowledge gaps for
future research to guide optimal selection of anesthetic
agents for obese patients from an immunomodulatory
standpoint.

Key words: Anesthesia; Immune system; Perioperative
care; Obesity; Inflammation

© The Author(s) 2017. Published by Baishideng Publishing
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Core tip: Anesthetic agents have been studied not only
for their effects on anesthesia and analgesia, but also
their action on the lungs and immune system. Obesity
is associated with a chronic state of low-grade systemic
inflammation, and may predispose to development
of comorbidities. Although efforts have been made to
develop guidelines for anesthesia in obesity, to date, no
ideal drug combination has been found. Optimization of
the immunomodulatory properties of anesthetic agents
may enable perioperative modulation of inflammatory
response in obese patients and improve postoperative
outcomes.

Heil LBB, Silva PL, Pelosi P, Rocco PRM. Immunomodulatory
effects of anesthetics in obese patients. World J Crit Care
Med 2017; 6(3): 140-152 Available from: URL: http://www.
wjgnet.com/2220-3141/full/v6/i3/140.htm DOI: http://dx.doi.
org/10.5492/wjcem.v6.13.140

INTRODUCTION

Obesity and associated comorbidities are increasing
at epidemic proportions globally!"!, with a substantial
impact on postoperative outcomes for affected indi-
viduals undergoing minor or major surgical procedures
that require anesthesia. Intravenous and inhalational
anesthetics (IAs) have been shown to modulate the
innate and adaptive immune responses, as well as
indirect effectors of immunity™>.

Since obesity results in chronic low-grade in-
flammation or metainflammation™® associated with
increased circulating proinflammatory factors, it has
been proposed that anesthetic agents may modulate
the already altered immune function in obesity, with
particular emphasis on pulmonary inflammation.

This review article aims to integrate current kn-
owledge regarding the effects of commonly used
anesthetic agents on the lungs and immune response
with the underlying immunology of obesity. Additionally,
it provides insights and future perspectives into the
safe use of anesthetics as immunomodulators for obese
patients. Better knowledge of the impact of anesthetic
agents on the immune system, especially in the setting
of obesity, may improve perioperative management and
outcome.

IMMUNE AND INFLAMMATORY
CHANGES DUE TO OBESITY: THE ROLE
OF IMMUNE CELL INFILTRATION IN

ADIPOSE TISSUE

Healthy adipose tissue (AT) is composed of a type-2
polarized immune system, which maintains AT macro-

WJCCM | www.wjgnet.com
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phages (ATM) in an M2-like (pro-resolution) state. While
in this form, AT is mainly composed of eosinophils,
invariant-chain natural killer T (iNKT) cells®™, and
regulatory T (Treg) cells, which produce interleukin
(IL)-4, I.-13, and IL-10. Adipocytes also contribute to
the type 2 immune response through production of
adiponectin, which exhibits a strong anti-inflammatory
effect”. These type 2 immune cells are supported by a
stromal structure, which promotes immune cell viability
through the production of several cytokines, with IL-33
playing a particularly important role®®®’. Moreover, in
order to sustain this environment, AT cells engage in
extensive cross-talk to (re)model AT structure and
phenotype™®.

The early phases of the diet-induced obesity (DIO)
period are characterized by an increase in the amount
of fat per adipocyte and an accumulation of immune
cells. Acute changes in the microenvironment, such
as alterations in oxygen supply and consumption,
contribute to triggering a rapid increase in the number
of neutrophils'”. Adipocytes become hypertrophic
and hyperplastic. This is associated with a shift in
adipokine production from adiponectin to leptin,
monocyte chemo-attractant protein-1 (MCP-1), and
IL-6, as well as resistin, visfatin, tumor necrosis factor
(TNF)-a, retinol binding protein 4 (RBP4), lipocalin-2,
and CXCL5"?\. Leptin directly increase the production
of several proinflammatory cytokines, such as IL-6,
TNF-a, the chemokines CCL2/MCP-1, and leukotriene
B4 (LTB4) in peripheral blood monocytes and resident
tissue macrophages™. Leptin can also induce the
production of reactive intermediates in macrophages,
neutrophils, and endothelial cells, as well as potentiate
interferon (IFN)-y induced expression of nitric oxide
(NO) synthase'***®, whereas adiponectin, IL-10, and
omentin, which have anti-inflammatory effects, are
downregulated™”). In addition, innate inflammatory
molecules such as acute phase reactants, C-reactive
protein (CRP)!*® complement components C2, C3,
and C4"°*°, and other immune-modulating mediators
produced in AT contribute to the intricate connection
between fat and its tissue-resident immune cells.

The adaptive immunity role is mediated by T-lym-
phocyte infiltration during early AT inflammation,
preceding macrophage recruitment'*?, Most of these
are CD4" lymphocytes that differentiate to TH1-cells,
governing the local inflammatory process through
the release of proinflammatory cytokines like IFN-y
and TNF-a. T-cell recruitment is usually mediated by
chemokines released from endothelial cells, stromal
cells, or macrophages. While, on the one hand, T-cell
derived IFN-y promotes the recruitment of monocytes
by MCP-1 secretion from preadipocytes, it also activates
other cells, including macrophages?-.

Resident and recruited ATM are the most common
immune cell types in AT, and their infiltration is
associated with AT inflammation'®?*. Recruited AT
macrophages induce tissue inflammation when their
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Figure 1 Model of obesity-associated pulmonary inflammation. Lung immune cells and inflammation due to obesity. Leptin is implicated in inflammatory
respiratory diseases as a neutrophil chemoattractant. The association between obesity and LPS-induced lung inflammation involves an increase in monocytes and
lymphocytes, as well as in intracellular adhesion molecule (ICAM)-1 expression in alveolar macrophages, suggesting their polarization toward a pro-inflammatory
M1 phenotype. Obesity impairs vascular homeostasis, facilitating increased susceptibility to inflammatory lung vascular diseases by affecting structural cells in the
alveolar-capillary membrane. The lung endothelium of obese mice has been shown to express higher levels of leukocyte adhesion markers (E-selectin, ICAM-1,
VCAM-1) and lower levels of junctional proteins (VE-cadherin and f3-catenin). Adiponectin has anti-inflammatory properties, mainly by its effects on toll-like receptor
(TLR) pathway-mediated NF-xB signaling, which regulates the shift from M1 to M2 macrophage polarization, and suppresses differentiation of M1 macrophages by
downregulating the pro-inflammatory cytokines TNF-o., MCP-1, and IL-6. Adiponectin also promotes expression of the anti-inflammatory factor IL-10 in macrophages
via CAMP-dependent mechanisms. TNF: Tumor necrosis factor; IL: Interleukin; LPS: Lipopolysaccharide.

polarization shifts from an M2 type to an activated complications.
proinflammatory M1 state. Stimuli for this shift toward
the M1 phenotype includes systemic factors, such as
increase in free fatty acids (FFAs), which stimulates toll- LUNG IMMUNE CELLS AND OBESITY-

like receptors (TLR)-4 on macrophages™®’, and activation ASSOCIATED INFLAMMATION

of the inflammasome, which is responsible for production Several mediators elicited by obesity alter immune and
of the proinflammatory cytokines IL-18 and IL-18". In inflammatory responses in the lung, and may induce

addition, IFN-y is a potent local inducer of M1 polarization obesity-associated changes to adipokines and lung
during ATM inflammation™”. immune cells.

The link between metabolism and immunity at the
intracellular level occurs through activation of nuclear Leptin

factor-xB (NF-xB) and its cytoplasmic inhibitor IxkB.  Several lung cell types, such as leukocytes, airway smooth
Likewise, other inflammatory factors, such as c-Jun muscle cells, alveolar epithelial cells, and macrophages,
N-terminal protein kinases (JNK), are activated®®**. express the functional leptin receptor, which, when
These proinflammatory mediators are produced in  bound to its main ligand (systemic leptin), participates
excess, spilling into the peripheral circulation and in triggering inflammatory respiratory diseases. Lungs
contributing to the low-grade systemic inflammation  represent a target organ for leptin signaling. In this line,
that ultimately influences the development of obesity- leptin stimulates neutrophil and macrophage release

associated comorbidities, including the pulmonary of cytokines (TNF-a, IL-6, IL-12), eicosanoids, and NO
immune response, thus contributing to pulmonary and induces neutrophil oxidative burst®, Endogenous

inflammation™>*"’, leptin has two main effects in the lungs (Figure 1). First,
AT immune cells contribute to the maintenance of it acts as a neutrophil chemoattractant to the lungs™?.
homeostasis and development of chronic inflammation Once neutrophil levels are increased, leptin lengthens

and are responsible for the mechanisms underlying neutrophil survival by delaying or inhibiting apoptosis®®’.
obesity-associated complications and impairment Additionally, obese patients with increased levels of
of normal immune system functioning, thus further leptin exhibited increased susceptibility to respiratory
perpetuating chronic disease development and metabolic infections, in an association that may be independent and
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likely additive to metabolic syndrome-related factors?".

Furthermore, the proinflammatory effects of leptin
may contribute to a higher incidence of asthma in the
obese population®. In chronic obstructive pulmonary
disease**”, the higher the leptin production, the greater
the severity of the disease™*”, In the setting of obesity,
not only immune cells but also structural cells in the
alveolar-capillary membrane are altered. In obese mice,
the lung endothelium was found to express higher levels
of leukocyte adhesion markers (E-selectin, ICAM-1 and
VCAM-1) and lower levels of junctional proteins (VE-
cadherin and p-catenin) (Figure 1), providing further
evidence that obesity may impair vascular homeostasis
and increase susceptibility to inflammatory lung vascular
diseases!*”.

In short, leptin plays an important role in respiratory
immune responses and pathogenesis of inflammatory
respiratory conditions by acting on different cell types in the
lung.

Adiponectin
Adiponectin is a well-defined obesity marker that has anti-
inflammatory properties. Its predominant immune-related
functions involve suppression of inflammation by clearance
of apoptotic cell debris™**! and promotion of an anti-
inflammatory phenotype in the lung by blunting oxidative
stress, inflammation, and angiogenesis. However, se-
veral of these immune-related functions depend on
the respective adiponectin receptor. AdipoR1, AdipoR2,
T-cadherin, and calreticulin are detected in several lung
cells'*, The structure of adiponectin resembles those
of complement factor C1q and of surfactant proteins,
which act as pattern recognition molecules limiting lung
inflammation®”. Adiponectin receptors are also involved
in the regulation of macrophage proliferation and function.
AdipoR1 mediates adiponectin suppression of NF-xB
activation and proinflammatory cytokine expression in
macrophages™**!, AdipoR2 is involved in adiponectin-
mediated M2 polarization*®!, and T-cadherin has been
shown to play an essential role in the stimulatory effects
of adiponectin on M2 macrophage proliferation®”. The
anti-inflammatory effects of adiponectin are mainly
guided by the toll-like receptor (TLR) mediated NF-«xB
signaling pathway, which modulates a shift in macrophage
polarization from M1 to M2 (Figure 1) and suppresses
differentiation of M1 macrophages by downregulating the
proinflammatory cytokines TNF-a, MCP-1, and IL-6“**,
Moreover, adiponectin increases expression of the anti-
inflammatory factor IL-10 in macrophages via cAMP-
dependent mechanisms™. Adiponectin has also been
proposed to regulate energy and metabolism by targeting
innate-like lymphocytes (ILC2)!"%*", natural killer T
(NKT)®?, and gamma delta T (yoT)cells™>.

Adiponectin senses metabolic stress and modulates
metabolic adaptation by targeting functions of the innate
immune system, including macrophage polarization and

lymphocyte activity.

WJCCM | www.wjgnet.com

JRaishideng®

143

ANESTHESIA, ANESTHETICS, AND
IMMUNOMODULATION

Anesthesia and the surgical stress response result in
several immunological alterations, which cannot be easily
separated. The pharmacological effects of anesthetic
drugs (sedation, anesthesia, and analgesia) have
been widely studied, as have their actions on several
cell types, including inflammatory cells, by altering
cytokine release®; cytokine receptor expression’®*;
phagocytosis or cytotoxic actions”®®: and transcription
or translation of protein mediators”®’*®, Depending on
the clinical setting, immunosuppression and activation
can be either detrimental or beneficial. These effects are
clinically important because the balance between pro-
and anti-inflammatory cytokine secretion is associated
with surgical outcomes.

Immune cells are categorized into two lines ac-
cording to their maturation site: The myeloid lineage,
which includes macrophages, dendritic cells (DCs),
mast cells, and granulocytes (neutrophils, eosinophils
and basophils); and the lymphoid lineage, which is
composed of T and B lymphocytes, natural killer (NK)
cells, and NK T cells®**%, Myeloid cells are considered
the main players in innate immunity, and play important
roles in adaptive immunity as well; they serve as
antigen presenters and macrophages, mast cells, and
neutrophils produce several cytokines, thus activating T
and B lymphocytes™®. Immunomodulation can have a
dichotomous sense whereby suppression of the immune
response can prevent further injury, as observed in
models of acute inflammation®®", but also prevent the
body from counteracting infections and increase the
risk of opportunistic infections. In these scenarios, both
inhalational and intravenous anesthetic agents may
jeopardize or improve immune function.

IA agents

The action of IAs on immune cells has been extensively
reviewed in preclinical studies'>®***. In vitro experiments
on immune cells revealed generally transient, dose- and
time-dependent effects predominantly on neutrophil
function®®**®!, lymphocyte proliferation'®”, suppression
of inflammatory cytokines in rat alveolar cells, and
decrease in the expression of inducible NO synthase
by inhibition of voltage-dependent calcium channels,
reducing intracellular calcium concentrations™®. However,
in an ischemic setting, the suppression of neutrophil
adhesion had a positive effect against the deleterious
effects of polymorphonuclear cells, improving cardiac
function'™ 7%, Furthermore, exposure to the isoflurane
attenuated villus, hepatic, and renal injuries in a
mouse model of intestinal ischemia; these effects were
mediated via plasma membrane phosphatidylserine
externalization and subsequent release of the anti-
inflammatory and anti-apoptotic cytokine transforming
growth factor p1 (TGF-p1)7?. In both studies, the
proposed mechanisms for protection rely on modulation
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Figure 2 Modulatory effects of anesthetic agents on lung immune cells. A: Inhaled anesthetics: Decreased neutrophil influx, synthesis, and expression of
macrophage inflammatory protein (MIP)-2, IL-1B, and stress proteins heme oxygenase (HO-1) and heat shock protein (HSP-70). Reduction of pro-inflammatory
cytokine release, inhibition of INOS expression and activity by blockade of NF-«B activation in lung tissue, inhibition of proapoptotic procaspase protein expression,
and maintenance of alveolar epithelial adherence by attenuating reduction of zona occludens 1 (ZO-1) levels; B: Intravenous anesthetic (propofol): Impairs neutrophil
activity by inhibition of phosphorylation of the mitogen-activated protein kinases p44/42 MAPK signaling pathway and disrupts the downstream signaling pathway
involving calcium, Akt, and ERK1/2, which decreases superoxide generation, elastase release, and chemotaxis.

of endothelial and neutrophil adhesion molecules and
reduction of neutrophil migration and margination
into tissues’™. In human endothelial cells, the effects
of isoflurane against TNF-a-induced apoptosis are
mediated by the phosphorylation of extracellular
signal-regulated kinase (ERK MAPK) and induction of
sphingosine kinase 1 (SK1) to increase production of
the lysophospholipid S1P, a cytoprotective signaling
molecule product of sphingomyelin hydrolysis that
functions as an extracellular ligand for specific G protein-
coupled receptors and as an intracellular second
messenger”™, In the context of acute inflammatory
lung injury (Figure 2A), isoflurane has been shown
to decrease neutrophil influx, as well as the synthesis
and expression of macrophage inflammatory protein
(MIP)-2, IL-1B, and the stress proteins heme oxygenase
(HO-1) and heat shock protein (HSP-70)"%7, These
studies showed reduction of proinflammatory cytokine
release through several mechanisms: (1) inhibition
of NF-xB translocation into the nuclei of human
epithelial cells®®”¢!: (2) inhibition of inducible nitric
oxide synthase (iNOS) expression and blockade of
NF-xB activation in a mouse model of lung injury; (3)
inhibition of proapoptotic procaspase-8, procaspase-3,
and inactivated proapoptotic protein Bax expression; (4)
promotion of phosphatidylinositol-3-kinase/Akt activation
and enhanced expression of the antiapoptotic B-cell
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lymphoma-2 (Bcl-2)-related protein homeostasis®”;

and (5) maintenance of alveolar epithelial adherence
by attenuating reduction of zona occludens 1 (ZO-1)
levels™,

Intravenous anesthetic agents

The intravenous anesthetics (IVAs) ketamine and
dexmedetomidine, although very important in clinical
practice, have well-recognized and characterized
immunomodulatory effects and will not be covered in
the present review. The immunomodulatory effects of
propofol have been investigated since it is widely used
for general anesthesia and for sedation at sub-anesthetic
doses. In vitro studies have shown that use of propofol
at clinically relevant plasma concentrations impairs
several monocyte and neutrophil functions, such as
chemotaxis®®®, phagocytosis®, respiratory oxidative
burst activity®®' cellular killing processes, and bacterial
clearance™®®® (Figure 2B). Some of these inhibitory
properties are related to its lipid vehicle®®™, However,
at the intracellular signal transduction level, Nagata et
al® have proposed that some of the inhibitory effects
of propofol on neutrophil activity may be mediated by
inhibition of the phosphorylation of the mitogen-activated
protein kinases p44/42 MAPK signaling pathway. A role
of other pathways (such as p38 MAPK) in neutrophil
chemotaxis has also been posited. Recently, Yang et af*”!
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proposed a novel mechanism for the anti-inflammatory
effects of propofol on fMLF-activated human neutrophils.
Propofol decreased superoxide generation, elastase
release, and chemotaxis, in a mechanism mediated by
competitive blockade of the interaction between fMLF
and its formyl peptide receptor (FPR)1, thus disrupting
the downstream signaling pathway involving calcium,
Akt, and ERK1/2. This provides additional evidence of
the potential therapeutic effect of propofol to attenuate
neutrophil-mediated inflammatory diseases™. In an
animal model of endotoxemia, the anti-inflammatory
effect of propofol decreased TNF-g, IL-1, and IL-6 levels®”.
Further research in murine macrophages suggests
that propofol suppresses lipopolysaccharide (LPS)/TL
R4-mediated inflammation through inhibition of NF-
«B activation® and does not affect MAPKs, including
ERK1/2, p38 MAPK, or JNK. The antioxidant properties of
propofol, capable of regulating reactive oxygen species
(ROS)-mediated Akt and NF-«B signaling, have also been
considered. In a clinical study of patients undergoing
craniotomy, propofol prevented the decrease in Th1/Th2
cell ratio seen with isoflurane anesthesia®”. However,
no differences in neutrophil function or cellular markers
in lymphocytes and monocytes have been observed in
patients with severe brain injury requiring long-term
sedation with propofol®*.

Studies have demonstrated several effects of pro-
pofol in the pulmonary immune response to acute
inflammation. It protected cultured alveolar epithelial
cells from apoptosis and autophagy by prevention
of LPS-induced mitochondrial dysfunction and inhi-
bition of LPS-induced activation of apoptotic signals
(caspase 9 activity, ROS overproduction, and Ca**
accumulation)®**”!; attenuated iINOS mRNA expression,
NO, and TNF-a, which was associated with improved
survival in a murine model of endotoxin-induced acute
lung injury™¥; decreased neutrophil influx into the lungs
through reduction of ICAM-1 expression®; reduced
apoptosis of lung epithelial cells by downregulation
of LPS-induced cytokines (IL-6, IL-8, TNF-a); and
reduced levels of hypoxia-inducible factor (HIF)-
la, a transcription factor essential for regulating
oxygen homeostasis'®”!. The lipid carrier vehicle or
other constituents of propofol formulations may also
contribute to these immunomodulatory effects™ .,

Many IVAs, including propofol, barbiturates, and
benzodiazepines, produce their sedative and anesthetic
effects on the central nervous system by inhibition
of the GABAa receptor®. It is also known that im-
mune system cells are capable of synthesizing and
releasing GABA neurotransmitters, which are parts
of the neuronal GABA signaling system. The absence
of a presynaptic terminal defines these channels in
immune cells as extrasynaptic-like channels™®. GABAa
receptors are present on immune cells, and are a
potential site of drug action!'®™, Studies have shown
that, in asthmatic mice, the anti-inflammatory effect of
propofol on Th2 inflammation is mediated by inhibition
of Th2 cell differentiation, a mechanism attributed to
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induction of apoptosis via the GABA receptor during Th2
development™®,

In contrast, impairment of immune function by
anesthetics may play a role in immunocompromised
patients. In this line, Wheeler et a/'® demonstrated
that, through their actions on the GABAa receptor,
propofol and thiopental inhibited monocyte chemotaxis
and phagocytosis. The implications clinical proposed
reflect this dichotomous sense: If a patient’s primary
pathology is inflammatory, the immunomodulatory
effects of propofol or thiopental could be therapeutic,
but if the immune response is ineffective, these agents
may increase the risk of infection!®?.,

Opioids

Although the main role of opioid peptides is the mo-
dulation of pain by binding to the opioid receptors
widely distributed in the central nervous system, there
is evidence of immunomodulatory effects exerted by
endogenous and synthetic peptides, which activate
opioid receptors. Different opioids show different
effects on the immune system; immunosuppressive,
immunostimulatory, or dual. Proposed mechanisms
and sites of action of opioid-mediated immune mo-
dulation include: (1) direct action on the immune
cells to modulate immune response, with the mu
opioid receptor as the main molecular target; (2) the
hypothalamic-pituitary-adrenal axis (HPA); and (3)
modulation of the sympathetic activity, either in isolation
or a combination thereof™®, The interaction of opioids
with each of these sites is complex and both species-
and time-dependent. Regarding T helper cell balance,
some opioids (fentanyl, methadone) have been shown
to induce IL-4 and exert an anti-inflammatory effect
on human T lymphocytes. Conversely, morphine and
buprenorphine have not been shown to increase IL-4
mRNA or protein levels™®™. The proposed mechanism of
this effect is that different agonists at opioid receptors
in T cells may induce different signaling pathways or
activate certain pathways with differential intensity.

Chronic morphine administration can suppress
the innate immune system by inhibiting cytokine se-
cretion, decreasing bacterial clearance by inhibiting
macrophage phagocytosis, and altering leukocyte
recruitment!®), On the adaptive immune system,
morphine interferes with antigen presentation, prevents
activation and proliferation of T lymphocytes, and
decreases T cell responses, contributing to lymphocyte
apoptosis and B cell differentiation into antibody-
secreting plasma cells'*%'%!, Therefore, morphine
use may be advantageous early in the inflammatory
process, but after the initial inflammatory stage, its
administration might be associated with an increase
rate of infection™®,

While many experimental studies have highlighted
the significant immunosuppression caused by opioids or
their withdrawal™, the results from dlinical studies are
still vague. No conclusive evidence exists that opioids
contribute to or prevent infections perioperatively, in the
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Table 1 Clinical studies of effects of anesthesia on immune cells and outcomes in obese patients

Ref. Population Interventions

Comparison Outcome

TIVA
Sevoflurane anesthesia

Abramo et
20201

Morbidly obese
patients undergoing
laparoscopic gastric Xenon anesthesia
bypass (n = 30)

Roussabrov et Obese patients

L

Ketamine (IV) pre-
undergoing short- induction compared
duration gastric or  with no ketamine before

uterine surgery (n =36)  general anesthesia

Serum levels of IL-6, IL-10, TNF-q,
and NO before anesthesia, at the end
of surgery, and 12 h after the end of

Serum levels of IL-1p, IL-2, IL-6, TNEF-
a, lymphocyte proliferation, and NK
cell cytotoxicity

At the end of surgery, IL-10 and TNF-a.
levels were lower in patients anesthetized
with xenon than in those given sevoflurane
or TIVA
Results to those of previous studies in lean

surgery

patients: No change in inflammation or
immune response (11 studies), suppressed
immune response (9 studies), or enhanced
immune responses (1 study)

Summary of results from clinical studies comparing inhalational and intravenous anesthetics according to population, intervention, comparison, and

outcomes. IV: Intravenous; IL: Interleukin; TNF: Tumor necrosis factor; NK: Natural killer cells; NO: Nitric oxide; TIVA: Total intravenous anesthesia.

ICU, or when used in the treatment of acute or chronic
pain. Moreover, coexisting or underlying diseases such
as cancer, diabetes mellitus, sepsis, and even obesity
can all induce significant alterations in immune status.
These comorbidities and some medications often
used concomitantly in the perioperative period, such
as corticosteroids, might modify the potential role of
opioid-induced immunosuppression™’,

IAs and IVAs have diverse immunomodulatory
effects that may vyield positive or negative consequences
on different disease processes (such as endotoxemia,
generalized sepsis, tumor growth and metastasis, and
ischemia-reperfusion injury). Therefore, anesthesiologists
should consider the immunomodulatory effects of
anesthetic drugs when designing anesthetic protocols for
their patients. Considering the influence of obesity and
anesthetic agents on lung immune cells, it is important
to investigate the possible joint role of these factors, e.g.,
during anesthesia induction in the obese population.

IMMUNOMODULATORY EFFECTS OF
ANESTHETICS IN OBESITY

Obesity is a heterogenous condition. Inter-individual
variability in AT distribution, presence of the metabolic
syndrome, and other associated comorbidities confer
several degrees of risk and require different levels
of care, thus creating potential confounders that
may affect outcomes in research studies. Therefore,
perioperative care and anesthesia in obese patients are
a great challenge. To date, several studies has proposed
to answer the question of which anesthetic agent is best
for the obese patient™"***), Most of these investigations
have evaluated primary outcomes during and after
anesthesia!'>''®!, Although efforts have been made to
develop standardized guidelines or protocols for the
anesthetic care of the obese patient!'”, there is no
known ideal anesthesia technique or drug combination.
However, the introduction of enhanced recovery after
surgery (ERAS) protocols after obesity-related and
bariatric procedures has gained great acceptance!*'***),

Despite the growing body of evidence supporting
significant immunomodulatory effects for several
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anesthetic agents, there is a paucity of data on anesthetic-
mediated immunomodulation in obesity. In this line, two
small randomized controlled trials enrolling obese surgical
patients evaluated the effects of different anesthetic
approaches (Table 1). Abramo et al**® investigated the
effects of total intravenous anesthesia (TIVA), inhalation
anesthesia (sevoflurane), or xenon anesthesia on serum
levels of proinflammatory cytokines (IL-6, IL-10, TNF-a)
and NO. The authors observed that xenon anesthesia
was superior to the other two strategies in inhibiting
postoperative serum TNF-a concentrations, but found no
differences in other mediators!**”’, The effects of ketamine
on inflammatory and immune responses after short-
duration procedures were similar to those previously
reported in non-obese patients™",

Inhaled anesthetics exert multiple protective effects
that enhance perioperative organ function preservation
in humans™® and small animals'?. Preclinical data
have investigated the effects of anesthetic agents on
the low-grade chronic inflammation of obesity!*™"?%,
These studies focused on the interaction of obesity and
the metabolic syndrome with the expected protective
effects of IAs, but did not evaluate immune system
interactions.

In one study, sevoflurane preconditioning failed to
induce cardioprotection in obese animals, in contrast to
the effect observed in lean animals"**. This negative
effect can be explained by reduced activation of the
ROS-mediated AMPK signaling pathway!*?*, In another
study, van den Brom et al* showed that sevoflurane
has a stronger depressant effect on myocardial function
than other agents, thus possibly increasing cardiac
vulnerability to limited oxygen supply and increasing
risk of ischemia during surgery.

Concerning the role of adrenergic receptors, the
long-term metabolic stress seen in obesity and diabetes
type 2 alters type a and B adrenoceptor (AR) function
and their interaction with isoflurane anesthesia.
Bussey et al''®! showed that isoflurane anesthesia
enhanced a-AR sensitivity, normalized B-AR response,
and impaired cardiovascular function by reducing
hemodynamic compensation during acute stress in
experimental obesity and type 2 diabetes. Finally, Zhang
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Table 2 Animal studies of effects of inhalational anesthesia in obese or MetS animals

Ref. Population Interventions Comparison Outcome in obese animals Outcome in lean animals
Songet  Animals fed high-fat vs Myocardial ischemia and Ctrl x Sevoflurane No sevoflurane Sevoflurane: | infarct size;
al™! low-fat diet reperfusion preconditioning cardioprotection Tendothelial nitric oxide
synthase, myocardial
nitrite and nitrate
vanden Animals fed western vs Sevoflurane 2% vs baseline on Myocardial perfusion Sevoflurane: No additional Sevoflurane: 1
Brom et control diet echocardiographic myocardial and systolic function effect on myocardial microvascular filling
al™! perfusion and function perfusion but impaired velocity, no change in
systolic function myocardial perfusion
Bussey et Zucker type 2 diabetic Conscious vs 2% isoflurane Hemodynamic Isoflurane exacerbated Maintenance of 1 a-AR
al™! Zucker obese vs lean anesthesia effects (mean and prolonged a-AR  sensitivity, T chronotropic
counterpart animals arterial pressure,  sensitivity and normalized B-AR heart rate and
heart rate) of o or B chronotropic B-AR mean arterial pressure
adrenoreceptor (AR) responses responses
stimulation
Zhang et Animals with 60 min sevoflurane pre- Expression of No cardioprotectant Delayed sevoflurane
al™! hypercholesterolemia vs treatment, 12 h before myocardial INOS and  effects of sevoflurane, cardioprotection:
normocholesterolemic myocardial IR surgery eNOS downregulation of eNOS. decreased infarct size and
animals Interference with iNOS improved ventricular
signaling pathway function
Yanget  Animals fed high-fat vs 60 min focal cerebral ischemia Cerebral infarct Sevoflurane post- Sevoflurane | infarct size,
al™ low-fat diet followed by 24 h of reperfusion volume, neurological  conditioning failed to improved neurological
15 min sevoflurane score, motor confer neuroprotection; no deficit scores;
postconditioning coordination 24 h neuroprotective effectof ~ neuroprotective effect
after reperfusion ~ mitoKATP channel opener  of mitoKATP channel
opener
Yu et Animals fed high-fat vs Middle cerebral artery Cell injury in Attenuated isoflurane-  Isoflurane post-treatment
al™ low-fat diet occlusion; Isoflurane post- hippocampeal slices, induced neuroprotection; | | injury

treatment after 20 min in vitro
ischemia or transient middle
cerebral artery occlusion

brain infarct volume,

Akt signaling pathway

neurological deficit

Summary of the results of experimental studies comparing inhalational anesthetics according to population, intervention, comparison, and outcomes. AR:
Adrenergic receptor; eNOS: Endothelial nitric oxide; IR: Ischemia-reperfusion.

et al"*! showed that the expected cardioprotective

effect of sevoflurane against reperfusion injury through
interference on myocardial iINOS signaling was absent in
hypercholesterolemic rats.

Obesity has been implicated in altering the protective
postconditioning effect of sevoflurane anesthesia
against cerebral ischemic injury. Molecular analyses
demonstrated reduced expression of Kir6.2, a signi-
ficant mitoKATP channel component in the brain. This
reduced Kir6.2 expression may diminish mitoKATP
channel activity, contributing to an inability to
postcondition the brain against ischemia reperfusion-
injury™®”1, Furthermore, in a study of mice fed a
high-fat diet, attenuation of neuroprotection was
observed after isoflurane exposure in hippocampal
slices exposed to oxygen-glucose deprivation. Obese
mice exhibited higher levels of carboxyl-terminal
modulator protein (CTMP, an Akt inhibitor) and lower
levels of phosphorylated Akt than age-matched
animals fed a regular diet, suggesting an influence of
high-fat diet in decreasing prosurvival Akt signaling
in the brain. This may explain the higher isoflurane
concentrations required to neuroprotect from oxygen-
glucose deprivation in this study!?®!. Table 2 lists
recent preclinical studies that assessed the potential
cardioprotective and neuroprotective effects of IAs in
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animals with obesity and the metabolic syndrome.

One study showed that, apart from cardioprotective
effects, 1 h of propofol (but not dexmedetomidine)
infusion increased airway resistance and pulmonary
inflammation, in an effect mediated by expression of
TNF-o. and IL-6 in lung tissue'*’, These results raised
questions about the proposed mechanisms of propofol or
its lipid vehicles on obesity-associated metainflammation.

CONCLUSION

If the immunomodulatory properties of anesthetic agents
are indeed demonstrated to have impacts on perioperative
care and short-term or even long-term outcomes, this
would provide clinicians and researchers with valuable
evidence to rethink the use of these agents and improve
their usage, particularly in the obese population. A
better understanding of the complex relationships
and detailed mechanisms whereby anesthetic agents
modulate obesity-associated pulmonary inflammation
and immune responses is a growing field of study in
which additional basic-science and clinical observation
data are necessary. Further studies are required to link
important pharmacokinetic aspects of these drugs to
relevant aspects of lung immune function in obesity-
related inflammatory conditions, as well as to identify
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the mechanisms of these interactions so that drugs with
potential lung-specific immunosuppressive effects can be
identified and their impact evaluated. In the very near
future, the perioperative care of the obese patient may
also be guided by different anesthetic strategies, with
careful regard to immune status.
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Abstract

Intensive care medicine remains one of the most cost-
driving areas within hospitals with high personnel costs.
Under the scope of limited budgets and reimbursement,
realistic needs are essential to justify personnel staffing.
Unfortunately, all existing staffing models are top-down
calculations with a high variability in results. We present
a workload-oriented model, integrating quality of care,
efficiency of processes, legal, educational, controlling,
local, organisational and economic aspects. In our model,
the physician’s workload solely related to the intensive
care unit depends on three tasks: Patient-oriented tasks,
divided in basic tasks (performed in every patient) and
additional tasks (necessary in patients with specific
diagnostic and therapeutic requirements depending on
their specific iliness, only), and non patient-oriented
tasks. All three tasks have to be taken into account
for calculating the required number of physicians. The
calculation tool further allows to determine minimal
personnel staffing, distribution of calculated personnel
demand regarding type of employee due to working
hours per year, shift work or standby duty. This model
was introduced and described first by the German
Board of Anesthesiologists and the German Society of
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Anesthesiology and Intensive Care Medicine in 2008
and since has been implemented and updated 2012 in
Germany. The modular, flexible nature of the Excel-based
calculation tool should allow adaption to the respective
legal and organizational demands of different countries.
After 8 years of experience with this calculation, we report
the generalizable key aspects which may help physicians
all around the world to justify realistic workload-oriented
personnel staffing needs.

Key words: Budgets; Critical care; Economics; Humans;
Intensive care units; Personnel hospital; Personnel staffing
and scheduling; Physicians; Workload; Quality of health
care

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: After 8 years of experience with the first cal-
culation tool for physician staffing on intensive care units,
generalizable key aspects are presented to help physicians
all around the world to justify realistic personnel needs. A
workload-oriented modular, flexible Excel-based calculation
tool is presented, integrating quality of care, efficiency
of processes, legal, educational, controlling, local, or-
ganisational and economic aspects. Staffing calculations
reflect basic tasks (every patient), additional tasks (specific
diagnostic and therapeutic requirements), non patient-
oriented tasks, and, auxilliary calculations, such as minimal
personnel staffing, distribution of personnel demand
regarding type of employee due to working hours per year,
shift work or standby duty.

Weiss M, Marx G, Iber T. Generalizable items and modular
structure for computerised physician staffing calculation on
intensive care units. World J Crit Care Med 2017; 6(3): 153-163
Available from: URL: http://www.wjgnet.com/2220-3141/full/
v6/i3/153.htm DOI: http://dx.doi.org/10.5492/wjccm.v6.i3.153

INTRODUCTION

Intensive care medicine is one of the most cost-driving
areas within hospitals with high personnel costs™?. Thus,
realistic requirements for personnel staffing are highly
needed. Several professional societies in Germany (DGAI,
BDA, DIVI, DGCH, BDCH)™, Europe (ESICM)™** or the
United States (SCCM)®”! made recommendations for the
staffing and organisation of interdisciplinary intensive care
units (ICUs). The presence of physicians on ICUs 24-h,
7 d a week, 365 d a year are justified by the physicians
perspective®**”) and, in Germany, economically rele-
vant for reimbursement. Unfortunately, all existing
staffing models are top-down calculations with a high
variability in the calculated results. In tumn, this variability
often reflects the range between sufficient personnel
resources and being underpowered, thereby leading to
controversial discussions. Taking into account quality of
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care, it is necessary to calculate the need by a bottom-up
method based on the performed procedures and actions.
Furthermore, in the G-DRG-reimbursement system,
costs for continuous medical education are insufficiently
taken into consideration®. Bearing these aspects in
mind, the working group “personnel management of
BDA und DGAI" published a workload-oriented modular
calculation model for personnel staffing of physicians in
the ICU in 2008™ and an update in 2012™%, Thereby,
the actual-state of personnel staffing on the ICU can be
compared with the necessary target-state and allows
physician staffing on a workload basis. The BDA and
DGAI tool enables an individualised systematic analysis
for every type of hospital™. The purpose of this paper is
to present generalizable items and a modular structure
for a computerised calculation tool for widespread use
which may help physicians to justify realistic workload-
oriented personnel staffing requirements on ICUs all
around the world.

MODULAR CALCULATION OF STAFFING
OF PHYSICIANS ON ICUS

Generalizable items of personnel staffing in the ICU
are presented. The workload-oriented calculation®*"’
has been developed for every type of ICU, taking into
account various magnitudes, premises and organisational
structures of hospitals, and degrees of care. The basic
consideration in this model is analysing the workload
of physicians on ICUs, which has been divided in basic
tasks, additional tasks, and non patient-oriented tasks
(including management issues and teaching). The
personnel demand for these tasks can be calculated
using Excel-based “calculation tools” (Tables 1-4). In
addition, “assistance tools” can be provided to calculate
minimal personnel staffing, distribution of calculated
personnel need regarding type of employee due to
working hours per year, shift work or stand by duty (Tables
5-8).

First of all, reflections are inevitable regarding the local
situation, performance of the hospital, subset of patients,
premises and organisational structures. Standard times
regarding workload tasks have to be defined, at best
should have been measured in the distinct hospital, and
consented by different stakeholders.

However, before calculating workload-related per-
sonnel staffing, some aspects have to be clarified: (1) in-
house times for admission, daily routine, omission and
handing over by physicians; (2) in-house humber and
times for tasks, procedures and examinations, and non-
recurring tasks performed per year per patients; (3)
number of ICU beds; (4) number of cases and patient
days per year; (5) average drop-out times (holidays,
iliness); (6) holidays given to shift workers, gross annual
working time in hours per work-fellow; (7) number of
physicians in specialist training with, e.g., less than 3
mo ICU experience; (8) time for non patient-oriented
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Table 1 Basic patient-oriented tasks of physicians on the intensive care unit

In-house Standard  In-house time Standard time
Time Time  Physician/ Time/ Physician/ Time/  Physicians/
(min) (min) patient  patient patient patient handing over
Admission (time per patient, including daily routine on day of admission)
Patient takeover 5 5
Clinical evaluation 5 5
Writing of admission documents 20 20
Writing of physician's instructions 10 10
Reimbursement documentation 10 10
(DRGs)
Basic examination and controls 5 5
Handing over round 5 5
Senior physician round 5 5
Sum 65 65
Daily routine (time per patient)
Transit time 5 5
Physical examination and status 5 5
Writing of physician's instructions 5 5
Documentation 2 2
Radiology round 2 2
Microbiology round 2 2
Physiotherapy round 10 10
Talking with relatives 5 5
Rounds with consultants 5 5
Sum 41 41
Omission/ demission (time per patient)
Final examination 3 3
Final documentation 15 15
Physician's letter 5 5
Handing over 2 2
Sum 25 25
Handing over medical rounds (time per patient)
Shift 1 Handing over 1 Mo - Fr 25 5 25 5 5
Shift 2 Handing over 2 Mo - Fr 25 5 25 5 5
Shift 3 Handing over 3 Mo - Fr 15 5 15 5 3
Senior physician round Mo - Fr 10 10 5 5 1
Sum Mo - Fr 75 70
Shift 1 Handing over 1 Sa, Su, public 15 5 15 5 3
holiday
Shift 2 Handing over 2 Sa, Su, public 0 5 0 5 0
holiday
Shift 3 Handing over 3 Sa, Su, public 15 5 15 5 3
holiday
Senior physician round Sa, Su, 5 5 B 5 1
public holiday
Sum Sa, Su, public holidays 35 35

tasks of the ICU physicians (e.g., working groups,
administration, teaching); (9) number of full-time and
partial-time physicians and working hours per week and
year; and (10) shift work and standby duty.

In respect to all these items, e.g., with average drop-
out time of 19.5% in a three-shift system and legal
working regulations regarding handing over to other work-
shifts, the workload results in 26.25 h for three physicians
per day. In other words, 6.8 full-time physicians are
necessary to run an ICU 24-h, 7 d a week, 365 d a year.
This minimal staffing is independent of the number of
beds and patients.

Thus, e.g., with 12.75 h per day at maximum in shift
work with at maximum 48 h per week and a standby
duty of maximum 54 h per week, minimal staffing
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demand can be calculated (Table 6). Weekly working
hours multiplied with 52.2 result in the potential gross
working time of a physician. The real net working time
of a physician is yielded by subtracting the drop-out
times (holidays, average times of illness) from the gross
working time.

In the following, a modular calculation model for
personnel staffing of physicians is presented. For better
understanding, we filled the tables with a sample of a
virtual ICU (Tables 1-8). After gathering the relevant
data for the calculation sheets, the respective data can
be filled in the input fields (marked in white color in
Tables 1-8). When all the relevant white fields in the
Tables of a distinct ICU are filled with the respective
data, staff requirements/year in hours are summed up,
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Table 2 Additional patient-oriented tasks of physicians on the intensive care unit

Inhouse time (min) Standard time (min) Numbers per yr Total time

Examinations
Angiography (diagnostic/interventional)
CT scan
Examination
Preparation time for transit
Transit time
Magentic resonance tomography MRT
Examination
Preparation time for transit
Transit time
Diagnostic bronchoscopy
Twelve-lead ECG
Haemodynamics (PAC/PiCCO)
Limon
CVVHF (Heparin)/setup, change
CVVHEF (Citrate)/setup, change
MARS
Thrombelastography (TEG)
Setting up
Control
Finalization
Tasks/ procedures
Ascites puncture
Installation of arterial line
ARDS - 135° position
Transfusion blood/coagulation products (per unit)
Cardioversion
Insertion of central lines (CVC, Sheldon, PiCCO)
Intracranial pressure measurement
Intubation
Support of consultants
Transportation to operating theatre (in/out)
Installation of PAC/PiCCO
Isolation of patients (f.e. MRSA)/d
Installation of peridural catheters
Percutaneous puncture of bladder
Puncture of pleura (one-time)
Transesophageal echocardiography
Chest tube
Tracheotomy (dilation/ plastically)
Transvenous pacemaker
Ultrasonography of bladder
Ultrasonography of pleura
Transfer of patient to external institutions
Major wound care
Additional efforts (onetime/ patient/stay)
Physician's letter (extensive, multi-page)
Final documentation in decease
Inquires by health insurance
Preparation for rehabilitation
Sum additional tasks
In min
Inh

120 120 45 5400
60 45 379 22740
20 20
20 20
20 20
65 65 80 5200
20 20
30 30
15 15
40 40 298 11920
10 10 0 0
15 15 114 1710
30 30 0 0
30 30 2 60
40 40 398 15920

120 120 0 0
20 20 0 0

5 b

5 b

10 10
20 20 0 0
10 10 254 2540
20 20 280 5600
5 b 2732 13660
15 15 4 60
40 40 374 14960
15 15 16 240
15 15 100 1500
10 10 49 490
20 20 2600 52000
10 10 1 10
15 15 45 675
30 30 6 180
30 30 0 0
20 20 0 0
45 45 31 1395
30 30 113 3390
60 60 93 5580
10 10 0 0
10 10 238 2380
10 10 200 2000
30 30 0 0
15 15 50 750
30 30 708 21240
30 30 113 3390
15 15 35 525
45 45 107 4815
200330
3339

CT: Computed tomography; MRI: Magnetic resonance imaging.

and automatically transferred to the following tables.

WORKLOAD-ORIENTED STAFFING
CALCULATIONS

Basic effort includes all duties of physicians, which
have to be done in each patient on admission, on a
daily basis, handing over to other work-shifts, and
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on omission from the ICU, irrespective of severity of
disease (Table 1). For calculation, different personnel
staffing variations on working days, weekends and
holidays have been taken into account.

The additional tasks, depending on severity of
disease and organ dysfunctions, reflect all other tasks,
procedures and examinations, as well as non-recurring
tasks performed per year per patients (Table 2).
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Table 3 Non patient-oriented tasks of physicians on the intensive care unit

Time in h per year FE net

Working groups Name working groups ... Projects
Airway management 84 0.04
Haemostaseology 84 0.04
Regional anaesthesia 84 0.04
Working group A 84 0.04 Ultrasound
Working group B 84 0.04 Quality management, SOPs
Working group C 42 0.02 Hygiene standards
Administrative tasks
Waste management/recycling 42 0.02
Department homepage 42 0.02
Controlling 84 0.04
Duty rota/duty pay off 218 0.10
Inhouse continued education 42 0.02
Executive board meetings 104 0.05
Anual report 84 0.04
Documentation of effort 84 0.04
Computers and interconnection 84 0.04
Rotation 21 0.01
Emergency room management 21 0.01
Rota plan 42 0,02
Holiday plan 42 0.02
Certificates 42 0.02
Administrative task A 84 0.04 Strategy planning
Administrative task B 0.00
Administrative task C 0.00
Work in committees
Antibiotics 42 0.02
Drugs 42 0.02
Urban planning 84 0.04
Equipment 84 0.04
Materials management and control 42 0.02
Transfusions 42 0.02
Committee A 84 0.04 Patients's feedback
Committee B 0.00
Committee C 0.00
Students in practical year (PY)
Number of PY students per year 8
Time demand of physicians for PY students (h) 2192 1.30 1 gross physician/8 PY-students
Work in projects
Project A 218 0.10 Antibiotic stewardship
Project B 0.00
Project C 0.00
Project D 0.00
Project E 0.00
Teaching
Nurses 500 0.23
Other matters 0.00
Regulatory decrees/representatives 0.00
Worker protection 52 0.02
Data security 52 0.02
Diagnosis related groups 52 0.02
Hygiene 52 0.02
Devices 52 0.02
Hazardous material 52 0.02
Ordinance on medical devices 52 0.02
Quality management 52 0.02
Protection against X-rays 52 0.02
Transplantation 52 0.02
Sum hours net per year (h) 5348.4 3.16

Non patient-oriented-tasks reflect working groups, development and continuation requirements (Table 3).

administrative tasks, collaboration in commissions, Total calculation results from patient days and cases
teaching of students or nurses, tasks in projects and per year, time efforts for basic and additional tasks,
regulatory decrees (e.g., X-rays, hygiene, quality manage- and for non patient-oriented tasks, which are summed

ment, laws regarding medical products)™, knowledge up (Table 4). To result in the net annual working time,
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Table 4 Total calculation of physician staffing on the intensive care unit

Time demand per patient (min)

Patient days per year 5868
Caes per year 705
Public holidays/yr 11
Total amount
Numbers of "admissions" 705 Admission 65
Numbers of "daily routine" 5163 Daily routine 41
Numbers of "discharges/ transferrals" 705 Discharge/ transferral 25
Numbers of "handing over rounds monday - friday" 4019 Handing over round monday - friday 75
Numbers of "handing over rounds Sat, Sun, public hol." 1849 Handing over rounds Sat, Sun, public holidays 35
Total times
Time "takeover" 45825 min
Time "daily routine" 211683 min
Time "discharges/transferrals" 17625 min
Time "handing over rounds monday - friday" 301438 min
Numbers "handing over rounds Sat, Sun, public hol." 64709 min
Total time BT 641280 min

10688 h
Total time AT 3339 h
Time demand (BT + AT) 14027 h
Time for non patient-oriented tasks 5348 h
Holidays for shift workers 205 h
Total time expenditure 19580 h
Rest allowance in % 19.5%
Total time expenditure plus rest allowance 23398 h
Working hours without break per day (h) 8.4
Standard weekly hours of FE in h 42
Annual net time per FE (h) 1691 Gross time per FE 2192 h
Number of FE 11.6 (net 1)
Number of beds 16
LS role 0.4 (0.15 FE/ 6 beds/net)
Leadership role h/yr 676 (hours for 0.15 FE/6 beds/net)
Number of physicians < 3 mo of ICU experience/yr 7
PT 21 (0.3 FE/ physician <3 mo ICU experience/year/net)
Postgraduate training hours per year 3550 (hours for 0.3 FE/ physician < 3 mo ICU experience/yr/

net)

Total time + leader ship, PT 23806 h
Number FE without continuing medical education 14.1 (net 2)
CME/SA (h) 704 50  (h/yr/FE)
Continuing medical education/staff appraisal in FE 0.4
Total time + LS, PT, CME, SA (net total) 24511 h
Number FE (net total) 14.5

BT: Basic tasks; AT: Additional tasks; FE: Full-time employee; LS: Leader ship role; PT: Postgraduate training; CME: Continuing medical education; SA:

Staff appraisal.

festive seasons and holiday seasons have to be taken
into account. Additional times, e.g., for holidays given
to shift workers, should be added. Following, times
for rest allowance for full-time work-fellows should be
stated. Rest allowance reflects holidays and average
illness, and have to be defined as percentage of gross
annual working time (Table 4). Real annual personnel
demand in hours can be converted to annual full-
time equivalents in that the sum of annual hours is
divided through the net annual working time hours of
an employee. If management functions are associated
with the number of beds (e.g., 0.15 physicians per 6
beds), proportional personnel staff for management
can be calculated (e.g., 0.3 physicians per fellows with
less than 3 mo of ICU experience). Moreover, given the
number of work-fellows in training per year, additional
staff for teaching can be stated. On top, additional time
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for work-fellow dialogue and knowledge continuation
for each full-time work-fellow should be added. Taken
together, all these items lead to the number of full-time
physicians needed per year to fulfill the items named
above.

AUXILIARY STAFFING CALCULATIONS

If the total workload and need of personnel staffing in
full-time physicians per year is known, assistance tools
can clarify how to distribute employees with differing
average working time per week (Table 5). As shown in
the example in Table 5, the mix with partial-time and
full-time physicians results in sum in 17 work-fellows to
fulfill the tasks which were calculated to be provided by
14.5 full-time employees.

Calculation of minimal physician staffing per year
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Table 5 Calculation with work-fellows with different annual working times

Carryover of table total calculation, total time + rest allowance, leadership, postgraduate training 24511
CME, staff appraisal: AWT desired net value (h)
Standard Public Gross Rest allowance plus Net Number of Net
weekly hours (h) holidays AWT (h) LS, PT, CME, SA (%)  AWT (h) physicians ~ AWT real (h)

Employee type 1 42.00 11 2192 195 1691 40 6762
Employee type 2 21.00 11 1096 195 808 2.0 1616
Employee type 3 48.00 11 2506 195 1943 1.0 1943
Employee type 4 54.00 11 2819 19.5 2195 3.0 6584
Employee type 5 10.50 11 548 195 367 1.0 367
Employee type 6 40.00 11 2088 195 1606 3.0 4819
Employee type 7 20.00 11 1044 195 766 3.0 2298
Employee type 8 11 0 195 -74 0
Employee type 9 11 0 19.5 -74 0
Employee type 10 11 0 19.5 -74 0

Sum employees 17.0

Sum annual working time net (h) 24389

Hours net demand (if negative values) (h) -121

Gross AWT = [Standard weekly hours : 5 (d)] x (261 workdays - public holidays), underlying (365 running days - 102 saturdays; sundays = 261 workdays).
Net AWT = gross AWT - [gross AWT x (Rest allowance plus LS, PT, CMA, SA)]. AWT: Annual working time; CME: Continuing medical education; LS:

Leadership; PT: Postgraduate training; SA: Staff appraisal.

Table 6 Calculation of minimal physician staffing per year to run an intensive care unit

Shift model hours Number of

handing overs day

Time handing over round (min)

8h 30 3
12h 2
xh

Standard weekly hours FE 42
Working hours per day in h 8.4
Rest allowance in % 195
Minimal demand of physicians

Minimal occupancy: 1 physician, 24 h/d, 7 d/wk, 365

d/yr

Number of physicians Shift
per shift

1 8h
1 12h
1 xh

Sum handing over Sum handing over

(min) per day (h) per day
90 1.50
60 1.00
0 0.00
(FE) inh Gross Net
per year per year
2192 1691
Net hours Net hours Gross hours FE net
per day per year per year 42
plus handing over plus handing over plus handing over h/wk
25.50 9308 11122 6.6
25.00 9125 10904 6.5
24.00 8760 10468 6.2

Not considered: times for CME, LS, PT, SA. Take care for legal working regulations: e.g., at maximum 48 h/wk in shift work, as well as 54 h/wk with opt-

out in standby duty! Take care for legal regulations: e.g., at maximum 12 h shift + 45 min handing over! AWT: Annual working time; CME: Continuing

medical education; FE: Full-time employee; LS: Leadership; PT: Postgraduate training; SA: Staff appraisal.

to run an ICU is presented in Table 6. How many work-
fellows do I need at minimum to guarantee a 24-h,
7-d a week, 365-d a year coverage with physician
personnel, and in some countries, depending on that to
get reimbursed or fulfill quality standards? Calculating
the hours needed per year to cover full-time physician
coverage, reflecting average drop-out times (holidays,
average time for illness, e.g., 19.5% per year) and legal
working regulations (e.g., 12.75 h per day at maximum in
shift work with at maximum 48 h per week with standby
duty of 54 h at maximum per week), minimal staffing
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demand can be calculated (Table 6). In this calculation,
times for non-patient-oriented tasks, continuing medical
education, leadership tasks, postgraduate training and
staff appraisal are not considered.

If the total workload and need of personnel staffing
in full-time physicians is known, an assistance tool may
help to calculate the personnel needed to run the ICU
based on shift work (Table 7).

Also, with known total workload, with an assistance
tool, calculation of the personnel needed to run the ICU
based on standby duty is possible (Table 8).
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Table 7 Calculation of physician staffing in shift work

Duty hours (shift) 06:00- Time
14:54
Public holidays / year 11 Carryover of table total calculation, total time Demand of physicians
Rest allowance in % 19.5 plus RA, LS, PT, CME, SA =
Working hours without break per day (h) 8.4 Sum net annual working time desired (h) 24511
Standard weekly hours of full-time employee (FE) 42 Sum number full-time physicians (net total) 14.5
inh desired
Gross annual time per full-time employee FE (h) 2192
Net annual time per full-time employee FE (h) 1691 (without public holidays, holidays, illness)

Shift Days Shift Start End Break h Working Physician/ Demand/week Physicians Demand /year
e wl;::l ;Zt Silit Workdays/ Workhours/ Workdays/ Workhours/ Full-time
break h week (77) week year (7)  year net (h) employees/
year net
a. m. shift Weekday 8h 6:00 14:54 05 8.4 5 5 210 250 10500 6.2
p. m. shift Weekday 8h 14:00 22:54 05 8.4 2 5 84 250 4200 2.5
night shift Weekday 8h 2200 654 05 8.4 2 5 84 250 4200 2.5
a. m. shift Weekday 8h 6:00 14:54 05 8.4 2 2 33.6 104 1747.2 1
p- m. shift Weekday 8h 14:.00 22:54 05 8.4 2 2 33.6 104 1747.2 1
night shift Weekday 8h 2200 654 05 8.4 2 2 33.6 104 1747.2 1
a. m. shift Public holiday 8h 6:00 14:54 05 8.4 2 11 184.8 0.1
p- m. shift Public holiday 8h  14:00 22:54 0.5 8.4 2 11 184.8 0.1
night shift Public holiday 8h  22:00 6:54 0.5 8.4 2 11 184.8 0.1
Senior weekend/ 8:00 10:00 0 2 1 2 4 115 230 0.1
physician  Public holiday
Inhouse 0:00 0:00 0 0 0
special
duty
Sum 482.8 24926 14.7
Net -4154 -0.2
demand

Take care for legal regulations: e.g., at maximum 12 h shift + 45 min handing over! Take care for legal working regulations: e.g., at maximum 48 h/wk in

shift work! CME: Continuing medical education; FE: Full-time employee; LS: Leadership, PT: Postgraduate training; SA: Staff appraisal.

DISCUSSION

One calculation tool cannot cover all aspects worldwide.
However, modular tools, such as the BDA/DGAI tool"?,
have the key advantage to systematically look at
the own performance spectrum, structural and legal
conditions, and to calculate the corresponding per-
sonnel need. It should be kept in mind that besides all
the workload-based calculations, due to arrange for
manpower, a minimal personnel staffing is necessary to
run an ICU with full-time coverage by a physician 24-h,
7-d a week, 365-d a year. This minimal staffing demand
is independent of the workload, number of beds and
patients.

Regarding medicolegal aspects, professional societies
in Germany (DIVI, DGAI) and in Europe (ESICM) agree
on the demand of continuous presence of physicians on
the ICU. Previous top-down staffing models resulted in
a high variability between sufficient and underpowered
personnel resources. For example, the top-down
calculation of the European Society of Intensive Care
Medicine suggested the need of 5 physicians per ICU
comprising 6 to 8 beds per year™*. Thus, calculation of
a 24 bed unit leads to a demand of 15 to 20 physicians,
and, thereby, to a difference in demand of 5 physicians
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or 25%. In Germany, 24-h coverage by a physician is
an inalienable prerequisite for reimbursement within
the G-DRG system in terms of quality management.
The presented calculation instrument directly couples
workload to the personnel demand. Irrespective of
quantitative calculations of staff, in Germany, reflecting
legal demands, it has to be assured that performance
is delivered all the time economically and according to
commonly accepted standards of care and knowledge!*”!
on the level of an experienced physician™, with benefit
for the patient. Thus, besides quantitative, qualitative
cornerstones for personnel requirement of physicians on
ICUs have to be taken into account. The modular basis
of the BDA/DGAI tool allows subsets of patients treated,
social and industrial law, medical quality standards,
economic and reimbursement items of the respective
countries to be taken into consideration and to adapt the
tool for personnel staffing in various countries and types
of hospitals. In former days, the ICU personnel staffing
tool was allocated via disc in Germany. Currently, it is
provided online for free to all BDA/DGAI members, and,
at the owner’s expense, to interested stakeholders by
BDA/DGAI™. The tool is widespread all over Germany
in university and non-university hospitals and has been
fine-tuned through the years since 2008, reflecting and
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Table 8 Calculation of physician staffing in standby duty

Duty hours (shift) 07:15- Time
16:09

Public holidays/year 11

Rest allowance in % 19.5

Working hours without break per day (h) 8.4

Standard weekly hours of full-time 42

employee (FE) in h
Gross annual time per full-time employee 2192

Carryover of table total calculation, total time

Demand of physicians

plus

RA, LS, PT, CME, SA =

Sum net annual working time desired (h) 24511
Sum number full-time physicians (net total) 14.5

desired

FE (h)
Net annual time per full-time employee 1691 (without public holidays, holidays, illness)
FE (h)
Shift Days Type Start End Break Working Physician/ Demand physicians/wk Demand physicians/yr
L :lv(i)tl::;ut it Workdays/ Workhours/ Workdays/ Workhours/ Core time Standby duty
break h wk () wk yr () yr net full-time  full-time
employee/ employees/yr
yr net net

a. m. shift Weekday 715 16:09 0.5 8.4 8] 5 126 250 6300 3.7
p. m. shift Weekday 13:30 22:24 0.5 8.4 2 5 84 250 4200 25
x shift Weekday 0:00 0:00 5 0 250 0 0
a. m. shift Weekday 715 16:09 0.5 8.4 0 2 0 104 0 0
p. m. shift Weekday 0:00 0:00 2 0 104 0 0
x shift Weekday 0:00 0:00 2 0 104 0 0
a. m. shift Public 7:15 16:09 0.5 8.4 2 11 184.8 0.1

holiday
p- m. shift Public 0:00  0:00 2 11 0 0

holiday
x shift Public 0:00 0:00 2 11 0 0

holiday
Standby =~ Weekday 1 0:00 0:00 O 5 0.0 250 0 0
duty
Standby =~ Weekend 1 0:00 0:00 O 2 0.0 104 0 0
duty
Standby ~ Public 1 0:00 0:00 0 11 0 0
duty holiday
Standby =~ Weekday 2 16:09 800 0 15.85 2 5 158.5 250 7925 47
duty
Standby =~ Weekend 2 715 800 O 24.75 2 2 99 104 5148 8]
duty
Standby  Public 2 715 800 O 24.75 2 11 544.5 0.3
duty holiday
Senior Weekend 8:00 10:00 0 2 1 2 4 115 230 0.1
physician /public

holiday
Inhouse 0:00 0:00 0 0 0
special
duty
Sum 261.5 24532.3 6.3 8.2
Sum core 145
time,
standby
duty +
special
duties
full-time
employees
net
Net -21.7 0
demand

CME: Continuing medical education; FE: Full-time employee; LS: Leadership; PT: Postgraduate training; SA: Staff appraisal.

integrating the feedback of the users. However, studies
reflecting improved outcomes or better productivity
have not been performed. Feedback to BDA/DGAI
revealed that personnel calculations were effectuated

JBaishideng® W]CCM I WWW.W].gnet.COm

161

in around 1/3 of the users, transposed partially in 1/3,
and not accepted in 1/3. Unfortunately, there is no in
total or representative scientific evaluation of personnel
staffing in non-university and university hospitals all
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over Germany which could reflect the gap between the
calculations done by the tool and the actual personnel
staffing of the ICUs. Moreover, whether staffing
differences from basic and regular care up to maximal
care hospitals result in better productivity or improved
outcome in Germany is still a matter of debate. However,
quality of care, length of stay and mortality in ICUs has
been reported to be highly dependent on organisational
structures, personnel staffing and qualification of
physicians™'***), Reductions in personnel staffing are
counterproductive if safety for patients and staff, and
efficiency of processes decline’®*®, and/or the costs for
materials increase!’®?”, Furthermore, it has to be taken
into account that optimal reduction in errors is expected
with a 85% average utilisation of an ICU with 100%
of personnel staffing!*®. To achieve optimal quality,
physician staffing has been claimed as follows™*": The
ICU has to be under a qualified, uniform, physician
organised guidance, e.g., by a physician of a specialty
which has intensive care medicine as an integrated part,
such as anaesthesia, surgery, internal medicine, and
who has special certification in intensive care medicine.
The leader of the ICU should not be in other duties in
his hospital, devoted full-time or at least 75% of time to
intensive care®?!,

To find out whether timings for tasks are realistic, in the
ICU personnel staffing tool, we proceeded as follows. To
determine duration of tasks to be performed, estimations
by experts’ opinion (10 leaders of ICUs), a survey in 200
ICUs in Germany (practitioning ICU physicians), and
real time measurements on a surgical and a medical
university and a non-university interdisciplinary ICU of a
basic and regular care hospital have been compared®®.
In 20%, expert opinion survey and measured times were
consistent. Differences, such as higher values for daily
routine in the basic care non-university hospital, may be
explained by different process operations on the various
wards. Thus, necessary time requirements depend on the
comparability of basic prerequisites, process operations,
structural and legal conditions. Therefore, cited timings for
tasks can serve as an indication for time requirements,
however, have to be verified, at best with real time
measurements in the own structural conditions and
process operations.

Tasks beyond the ICU, such as initial trauma care, care
for in-hospital emergencies or engagement as external
emergency physician, should not be incorporated in the
staffing calculation of the ICU, but calculated separately.
Quantitative and qualitative cornerstones for personnel
requirement of physicians in anaesthesia reflecting recent
legal rights of patients in Germany, meeting legal demands
of therapeutic quality, and, thus, serving patient safety,
have been published in 2015 by the German Society
of Anesthesiologists (BDA) and the German Society of
Anesthesiology and Intensive Care Medicine (DGAI)*.
Subsequently, the current Excel-based calculation tool
version (2015) regarding physician staffing in anaesthesia
has been published, especially reflecting recent laws
goveming physician’s working conditions and competence

WJCCM | www.wjgnet.com

JRaishideng®

162

in the field of anaesthesia, as well as demands of
strengthened legal rights of patients, patient care and
safety™?,

CONCLUSION

Workload-oriented models of physician staffing
with generalizable items taking into account quality,
efficiency of processes, legal, educational, con-
trolling, local, organisational and economic aspects,
differentiating basic effort, additional effort, and non
patient-oriented tasks, may help to justify realistic
personnel staffing demands. Modular calculation models
may serve to individualise generalizable aspects to
various types of hospitals, process operations, structural
and legal conditions, as well as funding and refunding
systems, resulting in broadly use and acceptance
by various stakeholders all around the world. In the
future, it should be evaluated whether this model may
lead to improvement of patient safety and quality of
management.
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Abstract

AIM

To determine the ability of intrapulmonary percussive
ventilation (IPV) to promote airway clearance in spon-
taneously breathing patients and those on mechanical
ventilation.

METHODS

An artificial lung was used to simulate a spontaneously
breathing patient (Group 1), and was then connected to a
mechanical ventilator to simulate a patient on mechanical
ventilation (Group 2). An 8.5 mm endotracheal tube (ETT)
connected to the test lung, simulated the patient airway.
Artificial mucus was instilled into the mid-portion of the
ETT. A filter was attached at both ends of the ETT to
collect the mucus displaced proximally (mouth-piece filter)
and distally (lung filter). The IPV machine was attached to
the proximal end of the ETT and was applied for 10-min
each to Group 1 and 2. After each experiment, the weight
of the various circuit components were determined and
compared to their dry weights to calculate the weight of
the displaced mucus.

RESULTS

In Group 1 (spontaneously breathing model), 26.8% =%
3.1% of the simulated mucus was displaced proximally,
compared to 0% in Group 2 (the mechanically ventilated
model) with a P-value of < 0.01. In fact, 17% =+ 1.5% of
the mucus in Group 2 remained in the mid-portion of the
ETT where it was initially instilled and 80% + 4.2% was
displaced distally back towards the lung (P < 0.01). There
was an overall statistically significant amount of mucus

August 4, 2017 | Volume 6 | Issue 3 |



Fernandez-Restrepo L et a/. IPV and airway mucus clearance

movement proximally towards the mouth-piece in the
spontaneously breathing (SB) patient. There was also an
overall statistically significant amount of mucus movement
distally back towards the lung in the mechanically
ventilated (MV) model. In the mechanically ventilated
model, no mucus was observed to move towards the
proximal/mouth piece section of the ETT.

CONCLUSION

This bench model suggests that IPV is associated with
displacement of mucus towards the proximal mouthpiece
in the SB patient, and distally in the MV model.

Key words: Mucus; Sputum; Mechanical ventilators;
Percussion; Respiratory drainage; Breathing exercises

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Many respiratory conditions result in increased
respiratory secretions and poor clearance, and are
associated with poor patient outcomes. Intrapulmonary
percussive ventilation (IPV) is an airway clearance
technique that has become increasingly used over the last
few years, however there is a paucity of data to support
its efficacy. Using a simulated bench model, we found
that IPV is associated with movement of mucus towards
the mouth in the spontaneously breathing patient and
thus supporting airway clearance. Interestingly, in patients
on mechanical ventilation, IPV mainly displaced mucus
distally into the lungs and thus may be harmful in this
patient population.

Fernandez-Restrepo L, Shaffer L, Amalakuhan B, Restrepo
MI, Peters J, Restrepo R. Effects of intrapulmonary percussive
ventilation on airway mucus clearance: A bench model. World J
Crit Care Med 2017; 6(3): 164-171 Available from: URL: http://
www.wjgnet.com/2220-3141/full/v6/i3/164.htm DOI: http://
dx.doi.org/10.5492/wjccm.v6.13.164

INTRODUCTION

Many chronic conditions such as bronchiectasis, cystic
fibrosis (CF), neuromuscular disease and chronic
obstructive pulmonary disease (COPD) are associated
with an increase in both the quantity and viscosity of
respiratory secretions. Other conditions are associated
with a decreased ability to clear secretions, such as those
with impaired ciliary function or cough, with the latter
being very common during mechanical ventilation, after
strokes or surgical procedures, and in neuromuscular
disorders!"). Previous studies have shown that when these
secretions are not adequately cleared, complications
arise such as atelectasis, mucus plugging, and recurrent
pneumonia™. Inadequate mucus clearance in patients
in the intensive care unit (ICU) can lead to poor clinic
outcomes such as prolonged time on mechanical
ventilation, increase in need for tracheostomies, de-
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creased quality of life, overall worsening lung function
and an increase in mortality®®*®!. Administration of airway
clearance therapies (ACTs) involve the use of manual
techniques coupled with postural drainage, breathing
exercises and mechanical devices to improve patient
outcomes and optimize recovery after acute illnesses”’.
However, there are few studies on the optimal ACT and
under which clinical settings they are most effective™?.

Intrapulmonary percussive ventilation (IPV) is one
such ACT that has recently become increasingly utilized
in hospitalized patients. During IPV treatments, the
patient breathes through an accessory device called a
Phasitron®, which delivers rapid, high flow, mini-bursts
(percussions) of tidal volumes into the lungs while
simultaneously delivering therapeutic aerosols. In the
clinical setting, IPV can be administered by mouthpiece,
mask or endotracheal tubes (ETTs). This technique is
also thought to improve expiratory flow by opening
collapsed airways, thus promoting mucus clearance.

Several reports have suggested that IPV facilitates
airway clearance and improves ventilation in patients
with conditions such as cystic fibrosis™**¥, neuro-
muscular disorders*>*®! atelectasis''’**!, inhalation
injury®®??, and COPD™?*, To our knowledge there has
only been one study that has evaluated the efficacy
of IPV as an ACT in spontaneously breathing patients,
and it illustrated a positive benefit””). When oscillating
devices such as IPV were compared to conventional
physiotherapy for airway clearance in people with
cystic fibrosis, the most recent Cochrane meta-
analysis found little evidence to support the use of any
particular oscillating device for airway clearance over
any other ACT modality™. The handful of other studies
that exist have compared IPV to conventional chest
physical therapy and showed no additional benefit with
IPV. These results raise the question of whether IPV
indeed is able to act as an effective ACT or whether its
benefit is simply theoretical™**?, Furthermore, to our
knowledge only one study has evaluated the efficacy of
IPV in mechanically ventilated patients, and although
it showed some benefit, it was completed only in a
specific population of eight patients with neuromuscular
disease!™. Despite IPV's widespread use as an ACT
across numerous clinical settings, there are a paucity of
data to document its benefit.

The objective of this study was to evaluate the ability
of IPV to promote airway clearance in both spontaneously
breathing patients and those on mechanical ventilation
using a controlled simulated bench model.

MATERIALS AND METHODS

Artificial test lung

The artificial test lung was obtained from “Michigan
Instruments” (Grand Rapids, MI) and utilized in both
the spontaneously breathing (SB) group/model and
the mechanically ventilated (MV) group/model. This
artificial test lung has been validated and mimics the
human lung in many ways. First, the artificial test lung
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Mouthpiece
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Figure 1 Experimental circuit utilized. The IPV2-C machine (Percussionaire
Corporation; Sagle, ID, Figure 2) was attached to the proximal end of the ETT.
The IPV device was given a constant setting with a frequency of 230 cycles/
minute, an I/E ratio of 1: 4, and an airway pressure of 30 cmH20. The IPV was
applied for 10-min each to group 1 and Group 2. IPV: Intrapulmonary percussive
ventilation; ETT. Endotracheal tube.

has a total lung capacity that replicates a “normal” adult
human lung, which is approximately 4-6 L. Thus the
size of the artificial lung mimics that of a “normal” adult
human lung. Second, the test lung also mimics the
standard human lung’s residual volume (1.84 L). Third,
we used a standard compliance of 30 mL/cmH20 in
both groups which is equivalent to a patient with severe
pneumonia, in order to mimic the actual scenario
for which IPV would be utilized in clinical practice.
Furthermore, we used a standard airway resistance of
5 cmH:20/L per second which mimics the normal airway
resistance of an actual patient. Fourth, this artificial test
lung has also been shown to mimic the pressure-to-flow
and pressure-to-volume relationships in hormal human
lungst”.

Experimental model

An artificial test lung was used to simulate a spon-
taneously breathing patient (Group 1 or SB), and then
connected to a mechanical ventilator (Avea, BD; Yorba
Linda, CA) to simulate a mechanically ventilated patient
(Group 2 or MV). An 8.5 mm ETT connected to the
test lung was used to simulate the patient airway. The
ventilator parameters selected for the study were a tidal
volume of 400 mL, a respiratory rate of 12 breaths/
min, an inspiratory time of 1 s, and a PEEP of 5 cmH:0.
These setting demonstrated little or no movement of
mucus in the absence of IPV. Five milliliters of 1.5% of a
water-soluble resin coagulant used as a mucus simulant
(Polyox; Dow Chemical Company; Cary, NC, United
States) were instilled into the mid-portion of the ETT.
This percent viscosity is shown to be most consistent
with that of mucus in a normal human airway®". An
anesthesia filter was attached at both ends of the ETT to
collect the artificial mucus displaced proximally (mouth-
piece filter) and distally (lung filter) the proximal end
was defined as the “Mouth Piece Filter”, which was the
“goal exit site” of the displaced mucus. The distal end
was defined as the “Lung Filter”, which was the site
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Figure 2 Intrapulmonary percussive ventilation-C machine (Percussionaire
Corporation; Sagle, ID).

considered within the lungs. The experimental setup
can be seen in Figures 1 and 2.

An Allosun portable oscillometer EM116 (Allosun,
China) was used to document the rate on the IPV
that generated a frequency of 240 cycles/min. This
frequency was selected as it represents the highest
frequency obtained by similar devices. An I/E ratio of 1:4
was selected and airway pressure was adjusted to 30
c¢mH:20 prior to connecting each device to the inspiratory
limb of the ventilator circuit.

In Group 1 (SB), 10 trials were performed to do-
cument variability between experiments. Since ex-
perimental variability was less than 5%, only 3 trials
were completed for Group 2 (MV). Each experiment was
run for 10 min since this is the typical time the treatment
is administered in the clinical setting.

Measurements

After each experiment, the weight of the following
circuit components was determined and compared to
their dry weights to calculate the weight of the displaced
mucus: (1) “Mouth Piece Filter” (proximal filter); (2)
Proximal ETT; (3) Mid-ETT (portion 23-27 cm); (4)
Distal ETT; and (5) “Lung Filter” (distal filter).

Key variables

The concept of fluid dynamics as it relates to the
movement of mucus within the airway is also important,
and it is worthwhile to acknowledge that variables such
as temperature/humidity, the density/concentration
of the mucus and flow conditions were controlled in
this experiment. Each experiment was conducted
in a lab room strictly controlled at 32 °C, which is
the average temperature of the upper trachea in
humans®. The humidity of the room was also strictly
controlled at standard values (heated humidified air
was not used). All experiments were completed with
the same viscosity/density of artificial mucus which
has been shown to be consistent with the mucus in a
normal human airway as illustrated by Shah et a*". All
experiments were conducted using the same flow as
well. By keeping these variables constant, the effects
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Figure 3 Percent of distance of mucus movement in the different portion of the endotracheal tube in both simulated intrapulmonary percussive ventilation
models: mechanical ventilation (A and B) and spontaneous breathing (C and D). There was an overall statistically significant amount of mucus movement
proximally towards the mouth-piece in the spontaneously breathing patient. There was also an overall statistically significant amount of mucus movement distally back
towards the lung in the mechanically ventilated model. Statistical significant P values: °P < 0.05, °P < 0.01, °P < 0.001, P < 0.0001. ns: No statistical significance.

of the intervention (use of IPV) in both groups could be
evaluated within a constant/replicable environment/
context.

Statistical analysis

Due to the limited sample size used in this study, the
distribution of the data were not distributed normally, and
for this reason only non-parametric tests were used™.
All data are presented as medians with interquartile
ranges (IQR), or means with standard deviations (SD) as
appropriate. Paired nonparametric Mann-Whitney U test,
Kruskal Wallis test or two-tailed Student’s t-test were
used to compare data at different tube distances. All
statistical calculations were performed by a trained and
expert biostatistician, using Prism 5 software (GraphPad)
and SPSS 21.0. P values < 0.05 were considered
statistically significant.

RESULTS

In Group 1 (spontaneously breathing model), 26.8% =+
3.1% of the simulated mucus was displaced proximally,
compared to 0% in Group 2 (the mechanically ventilated
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model). In fact, 17% % 1.5% of the mucus in Group
2 remained in the mid-portion of the ETT where it was
initially instilled and 80% =+ 4.2% was displaced distally
back towards the lung. There was an overall statistically
significant amount of mucus movement proximally to-
wards the mouth-piece in the spontaneously breathing
patient. There was also an overall statistically significant
amount of mucus movement distally back towards the
lung in the mechanically ventilated model. The amounts
of mucus measured within each section of the circuit is
shown in Table 1 and Figure 3.

DISCUSSION

The results from this study suggest that when IPV is
used in a simulated model of a spontaneously breathing
patient, it is associated with a statistically significant
amount of mucus movement proximally, and thus
supports airway clearance. In contrast, when IPV is used
in the simulated model of a mechanically ventilated
patient, it was found to be associated almost exclusively
with the displacement of mucus distally back towards
the lung, and thus did not support airway clearance.
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Table 1 Amount of mucus within each section of the circuit

Location Group 1 (%) Group 2 (%)
Mouth piece/proximal filter 0 0
Proximal ETT 26.8 +0.63 0
Mid-ETT (portion 23-27cm) 0 17 £1.04
Distal ETT 51.2+1.75 80+4.2
Lung/ distal filter 22 +0.55 3+1.04

ETT: Endotracheal tube.

IPV utilizes tidal volumes delivered at high os-
cillatory frequencies to loosen mucus and help with
expectoration. Previous bench models have shown that
high-frequency oscillations not only dislodge bronchial
secretions from the walls of the airway but also reduce
its actual viscosity making it easier to clear®. In a
way these oscillations act like a “physical mucolytic”.
One clinical study has shown that applying high-
frequency oscillations directly to the airway opening of
spontaneously breathing patients does indeed enhance
secretion clearance compared to no therapeutic inter-
vention®”, Our study confirms the results from this
study that IPV indeed improves mucus clearance in a
simulated model of a spontaneously breathing patient.
However, it is worth noting that when IPV has been
compared to conventional chest physical therapy in
spontaneously breathing patients, there appears to
be no difference in efficacy of mucus clearance. In
a study of 20 clinically stable CF patients, IPV was
not associated with increased sputum clearance
compared to conventional chest physical therapy™®.
Another study of 22 stable patients with bronchiectasis
found similar results™. Taking the results from this
current study and the study by George et al*’!, IPV
indeed improves sputum clearance; however, it may
not provide added benefit compared to conventional
chest physical therapy. However, the major value of
IPV when compared to conventional chest physical
therapy appears to be its increased tolerability, patient
preference, replicability of its benefits and greater
adherence to therapy, considering that conventional
chest physical therapy is often uncomfortable and
requires an experienced/trained individual to aid the
patient for optimal results'®?. Since the benefit of
chest physical therapy depends on the patient and
the therapist, the benefits seen in the studies by Van
Ginderdeuren et a/ and Paneroni et a/®®! may be
difficult to replicate, making IPV more advantageous.
Thus IPV may be a more effective clinical alternative for
airway clearance in spontaneously breathing patients,
although this requires further clinical studies to validate.

Similarly, there are few studies evaluating the
efficacy of IPV as an ACT in mechanically ventilated
patients. In one small observational study conducted
in 8 patients with Duchenne Muscular Dystrophy who
were ventilator dependent and had tracheostomies,
IPV was shown to increase the quantity of mucus
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clearance™. Our study showed the opposite findings,

and in fact showed that more than 80% of the mucus
was displaced distally back towards the lung. The
biologic plausibility of why IPV may be detrimental in
patients on invasive MV is important to understand
considering these negative consequences. It is possible
that the interplay between the positive pressure from
the MV and the percussive oscillatory pressure waves
from the IPV machine created a flow that was directed
distally rather than proximally towards the opening of
the airway. While this finding was noted in our study,
it is not clear if this occurs in vivo. But considering that
the majority of the mucus (approximately 80%) was
displaced distally in the MV group, and that our artificial
test lung and bench model has been validated and
extensively used by prior studies, it raises valid concerns
about its safety that requires further testing®"\. IPV is
currently being used in mechanically ventilated patients
at variable driving pressures and oscillatory frequencies
(our study chose the most common setting used
clinically) and its use is growing exponentially. We hope
the results of this bench study will result in additional
future studies.

There are several limitations of this study. One of
which is that in vitro models do not perfectly reflect
the flow characteristics of a spontaneously breathing
patient. Our in-vitro model did not measure the impact
of the treatment effects within a chest cavity where
recoil of the chest plays a significant role in increasing
expiratory flows. If active expiration were to be
simulated as happens in the spontaneously breathing
patient, higher expiratory flows could have enhanced
mucus transport to either the proximal end of the ETT or
the filter representing the mouthpiece. However, there
are many advantages to studying IPV in this simplified
bench model that would be difficult to evaluate in an
actual clinical setting. For example, using this simulated
model, we can directly measure the amount of mucus
in the airway and directly determine the amount
displaced in either direction. In patients, we cannot
control for the actual amount of mucus in the airway at
time zero because this will vary from hour-to-hour and
day-to-day. Furthermore, different patients will differ in
their baseline amount of mucus production based on
complex physiological mechanisms and differences in
their disease processes. This simplified model allows
control of many factors that cannot be controlled in an
in-vivo model. One of the main reasons for performing
this study is that many Health Care Professionals accept
that IPV is beneficial in both spontaneously breathing
and mechanically ventilated patients with almost no
data to document or substantiate its actual benefit. Our
goal was to raise awareness through a bench study and
create interest in furthering clinical research in this area.

Another potential limitation worth mentioning is
that our model of the human lung did not contain cilia.
An important question is whether IPV may interact
with human cilia and in a manner our model could
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not account for. However, we were unable to find any
literature to support the concept that IPV may indeed
promote or suppress ciliary function. While we are
not capable of predicting the effects of IPV on ciliary
motion, it is possible that IPV may reduce or enhance
ciliary function. This is clearly an area of research that
needs to be investigated. Additionally, many acute
and chronic disease processes cause dysfunction of
the mucociliary system™®. For example many chronic
pulmonary diseases such as primary ciliary dyskinesis,
COPD, asthma and cystic fibrosis have abnormal
functioning and dysplastic cilia when examined under
electron microscopy™®. Furthermore, cigarette smokers
and those with acute pneumonia also have been shown
to have significant ciliary dyskinesia from direct effects
of bacterial and viral pathogens®**?!, No bench model
can attempt to reproduce the complexity or variability
of ciliary function, but its plausible that the lack of cilia
in our model mimics in some capacity the actual human
lung during many disease states.

A third potential limitation in our study was that
although we controlled for humidification by conducting
our experiments in a tightly controlled environment
within a room at standard humidity, we did not attach
a humidifier to our experimental circuit separately.
Dellamonica et al*® found that the optimal way to
effectively humidify this circuit was to attach a humidifier
down stream from the IPV machine. Dellamonica
et al* recognized that when IPV is combined with
invasive mechanical ventilation, the production of high
inspiratory flow rates and gas decompression prevented
optimal humidification and warming of the inspired gas.
This combination often results in the drying of mucus
and the risk for airway obstruction. The question arises
whether this may have caused the lack of proximal
movement of the mucus in our MV model. Although
this is plausible, if this was indeed the reason for the
negative impact of IPV in our MV model, we would
have expected the majority of the mucus to remain in
the middle of the circuit where it was initially instilled,
and not be displaced distally (> 80% of the mucus
in fact moved distally). Furthermore, because each
experiment was conducted for a very short period of
time (approximately 10 min) the potential desiccating
properties of the IPV machine should not likely have
made a large impact. But regardless, further studies are
needed to confirm or refute this hypothesis.

A fourth limitation is that our study used only fixed
settings on the IPV. Although an I:E ratio of 1:4 is
consistently selected by most users when administering
IPV, it may have explained a lower mucus displacement
towards the proximal filter than expected. Movement
of mucus is dependent not only on viscosity/elasticity
but also adhesivity. This model also did not utilize either
artificial epithelial lining fluid or surfactant that might
have better reflected the adhesive properties of mucus
within human airways.

Overall, although IPV may indeed be a beneficial
means to induce airway mucus clearance, this study
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highlights that that optimal clinical settings in both
spontaneously breathing and mechanically ventilated
patient need to be further elucidated to determine who
will benefit from this mode of therapy and under which
circumstances. It is also reasonable to infer that during
mechanical ventilation, IPV may not be beneficial and
could result in forward movement of secretions into the
lung. Future studies on its use and optimal settings in
both MV and SB patients are clearly warranted.

COMMENTS

Background

Many respiratory conditions are associated with an increase in respiratory
secretions. Retention of these secretions is associated with poor patient
outcomes. Intrapulmonary percussive ventilation (IPV) is a type of airway
clearance technique that helps to remove airway mucus. Despite its widespread
use across numerous clinical settings, there is a paucity of data to support its
efficacy.

Research frontiers

There is little research in the area of air way clearance therapies (ACT’s), and
those that do exist have small sample sizes with a lack of effective control
subjects. As the prevalence of cystic fibrosis increases due to patients living
longer and the increased identification of previously undiagnosed patients with
non-cystic fibrosis bronchiectasis, the need for more effective and validated
airway clearance therapies is becoming more important.

Innovations and breakthroughs

There are few studies that have evaluated the effectiveness of IPV in both
spontaneously breathing patients, and even fewer in those requiring mechanical
ventilation. Furthermore, the study of ACTs in actual patients is complex due to
patient-to-patient variabilities in their underlying disease states and variabilities
in mucus production hour-to-hour and day-to-day. This study is one of the few
bench studies that exist evaluating the effectiveness of IPV in two important
clinical states, using an effective control group.

Applications

One of the main reasons for performing this study is that many Health Care
Professionals accept that IPV is beneficial in both spontaneously breathing
and mechanically ventilated patients with almost no data to document or
substantiate its actual benefit. The results from this study suggest that when
IPV is used in a simulated model of a spontaneously breathing patient, it is
indeed associated with a statistically significant amount of mucus movement
proximally, and thus supports airway clearance. In contrast, when IPV is used
in the simulated model of a mechanically ventilated patient, it was found to be
associated almost exclusively with the displacement of mucus distally back
towards the lung, and thus did not support airway clearance. This study raises
valid concerns about the safety of IPV in mechanically ventilated patients
that requires further testing. Overall, although IPV may indeed be a beneficial
means to induce airway mucus clearance, this study highlights that that optimal
clinical settings in both spontaneously breathing and mechanically ventilated
patient need to be further elucidated to determine who will benefit from this
mode of therapy and under which circumstances.

Terminology

IPV: This term stands for “intrapulmonary percussive ventilation”, which is a
mechanical device that is widely used in the United States to help patients clear
their secretions. It is especially used in those with bronchiectasis and those on
mechanical ventilation who have particularly thick secretions and have poor
cough reflexes due to sedations and acute-on-chronic disease states. This
device delivers tidal volumes of air at varying frequencies into the airways of
patients to help vibrate/percuss the airway and loosen impacted mucus.

Peer-review
This is an interesting and well-conducted bench study.
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Abstract

AIM

To detect blood withdrawal for patients with arterial blood
pressure monitoring to increase patient safety and provide
better sample dating.

METHODS

Blood pressure information obtained from a patient
monitor was fed as a real-time data stream to an ex-
perimental medical framework. This framework was
connected to an analytical application which observes
changes in systolic, diastolic and mean pressure to
determine anomalies in the continuous data stream.
Detection was based on an increased mean blood
pressure caused by the closing of the withdrawal
three-way tap and an absence of systolic and diastolic
measurements during this manipulation. For evaluation
of the proposed algorithm, measured data from animal
studies in healthy pigs were used.

RESULTS

Using this novel approach for processing real-time
measurement data of arterial pressure monitoring, the
exact time of blood withdrawal could be successfully
detected retrospectively and in real-time. The algorithm
was able to detect 422 of 434 (97%) blood withdrawals
for blood gas analysis in the retrospective analysis of 7
study trials. Additionally, 64 sampling events for other
procedures like laboratory and activated clotting time
analyses were detected. The proposed algorithm achieved
a sensitivity of 0.97, a precision of 0.96 and an F1 score of
0.97.

CONCLUSION
Arterial blood pressure monitoring data can be used to
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perform an accurate identification of individual blood
samplings in order to reduce sample mix-ups and thereby
increase patient safety.

Key words: Blood withdrawal detection; Sample dating
algorithm; Arterial blood gas analysis; Patient monitoring;
Point-of-care diagnostics

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Blood samplings for point-of-care analysis are
essential procedures performed in large quantities in
hospital wards every day. Whereas many guidelines
and good practices exist, human error may still occur
and additional safeguards are needed to avoid mix-
ups. Using data from arterial blood pressure monitoring,
which regularly is present in critical patients for whom
errors would be most severe, different features, even the
absence of information, may be used for analysis. We
developed a novel approach accounting for lack of data in
arterial blood pressure monitoring to determine the exact
time of blood withdrawal for better sample dating and
patient identification.

Peter J, Klingert W, Klingert K, Thiel K, Wulff D, Konigsrainer A,
Rosenstiel W, Schenk M. Algorithm-based arterial blood sampling
recognition increasing safety in point-of-care diagnostics. World J
Crit Care Med 2017; 6(3): 172-178 Available from: URL: http://
www.wjgnet.com/2220-3141/full/v6/i3/172.htm DOI: http://dx.doi.
org/10.5492/wjccm.v6.i3.172

INTRODUCTION

Pre-analytical procedures in point-of-care diagnostics
are prone to different types of safety relevant errors.
Most of them are caused by human failure the “often
interrupted” and stressful surrounding of intensive
care units. The most common error in the process
of handling and analyzing venous blood samples is
patient misidentification™. Critical patient identification
errors are observed in up to 1 per 1000 procedures or
specimens™™. The correct dating and matching of blood
samples is significant for an adequate patient care and
helps to avoid life threatening situations caused by mix-
upS[l'S’s].

Precise sample labeling (e.g., barcode labels) is the
most obvious way of prevention. Establishing guidelines
for sample handling might be another. However, non-
compliance with these guidelines, introducing additional
effort of documentation and cross-checking, remains a
maijor problem!”,

Technical safeguards against human failure would be
a forward-looking strategy in this setting. The estimation
of additional parameters for patient identification in the
analytical phase may help to identify sampling mix-
ups™. But those all face the limitations of post-analytical
data analysis. Approaches to prevent mixed-up samples
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therefore have to be technical solutions becoming
effective in the pre-analytical phase!”.

Arterial blood sampling from the arterial line leads
to an unavoidable and characteristic pattern (e.g.,
artificial blood pressure, no pulsation) in blood pressure
monitoring™*?l. With respect to vital sign monitoring,
this pattern is useless and is often overlooked. But
the missing of blood pressure data contains useful
information. Monitoring data may be missing not at
random (MNAR) or be missing at random (MAR)™.
Data MAR like the missing of a single measurement
in a defined sequence may reduce sample size or
degree of freedom for analysis but probably will not
bias the result. Data MNAR, like missing data in specific
conditions, could add a strong bias to analyses™®.
Dealing with missing data can be performed in different
ways: Missing data can just be excluded, the last
value carried forward, related information can be used
to estimate the missing value, imputation can be
performed on logical rules or indicator variables can
be used to represent the state of missing information.
However, mean imputation is still the most common
method to process missing data'™’. In the case of blood
withdrawal, missing ABP information is NMAR caused by
the specific procedure. Therefore, analyzing this pattern
may help to identify the patient- and time-dependent
blood sampling procedure and thus provide a valuable
marker for pre-analytical safety approaches.

MATERIALS AND METHODS

Objective
The aim of this study was to use available and missing
information from arterial pressure monitoring to detect
the exact time of blood withdrawal. Those calculated
points in time can be used as a reference for dating
blood samples and improve patient safety by validating
a blood sample with a performed blood withdrawal from
the selected patient.

A proof-of-concept approach is implemented to
demonstrate the capabilities of the developed algorithm
in real-time.

Measurement setup and data acquisition

Test and validation data were obtained from studies
performed at the Department of General, Visceral and
Transplant Surgery at the University Hospital Tlbingen,
Germany, in an experimental ICU setting for animal
studies.

The arterial blood pressure was measured with a
PiCCO-catheter system (MAQUET Holding B.V. and
Co. KG, Germany) placed in the femoral artery using
Seldinger technique and connected to a medical three-
way tap allowing for blockage of the blood flow and
attaching a syringe or vacutainer for blood withdrawal.
For ABP measurements, a pressurized saline infusion
bag was used to provide a standing fluid pillar for the
Sensor.

The mean (ABPm), diastolic (ABPd) and systolic
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(ABPs) arterial pressure were displayed with an Intel-
[iVue MP50-Monitor (Koninklijke Philips Electronics N.V.,
Netherlands), exported via a serial connection and
processed with the TICOMS monitoring and control
framework and stored in a PostgreSQL database at 1
HZ',

Blood withdrawal process

The detection of blood withdrawals using pressure
monitoring was tailored to a usual blood withdrawal
process from an arterial access. During blood with-
drawal, the three-way tap was rotated and pressure
measurement via the standing fluid pillar was blocked
off. Then the sample was collected. Afterwards the
three-way tap was returned to its measurement position
and the catheter was flushed. Blood withdrawals were
performed by physicians, scientists, medical students
and lab technicians. The blood sample was measured in
a blood gas analysis device (ABL800 FLEX, Radiometer
Medical ApS, Denmark).

Detection algorithm

By rotating the three-way tap to obtain a blood sa-
mple, the pressure measurement was decoupled
from the physiological state and set to an artificial
level. Therefore, a static mean pressure ABPm with no
physiological pulsation was observed on the patient
monitor, leading to an absence of measurements for
ABPs and ABPd.

Using this observation, the detection algorithm was
designed and implemented with Matlab 2016a (The
MathWorks, Inc., United States). The direct connection
to the database and integration into the processing
pipeline allowed real-time application.

In a first step, raw data from the patient monitor
were processed and analyzed to detect deviations
from the current state and to calculate indicator tags
for each parameter at 1 Hz. If multiple observations
were detected within this timeframe, the most recent
measurement was used for further processing.

The detection was based on a scoring function that
was normalized between 0 and 1. To calculate the
scoring function all used parameters (ABPm, ABPs,
ABPd) can be weighted individually, thus adapting their
influence to the total score. To obtain the normalized
score the sum of all parameters weights used (wli) (must
be 1. For detection of blood withdrawals, the weight
of all parameters was chosen to be the same and the
scoring was therefore based on the normalized sum of
the individual scores for each parameter:

S = (Sasem + Sases + Sasrd)/3.

The scoring function therefore represents a score
between 0 and 1, whereas 1 means that all indicators
for a blood withdrawal are present and 0 that no
indication for such an event was given. This allows an
easy adaption of the algorithm and including additional
parameters.

When the scoring function was calculated, a sim-
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ple threshold was used to determine if a blood
withdrawal event was present. The threshold for the
scoring function was set to Sm = 0.7, and if S>Sma
manipulation was assumed.

To obtain a more robust result and avoid false
detections for cases where only a single measurement
exceeds the threshold, a series of 10 successive points
in time must reach the threshold Sm to be accounted for
as a blood withdrawal event.

For ABPm, the score Sasem was based on a deviation
from the mean observation of the last 10 min, ignoring
missing data. If the deviation was more than 10 mmHg
from the mean the individual score was 1 otherwise 0.

For ABPs and ABPd the availability of the values
was used for the scores Sases and Sased, respectively.
Therefore, the tags from the first algorithmic step
can be used and accounted for in the score as 1 if
the measurement currently was missing or 0 if the
measurement was present.

Due to multiple points in time where the threshold
may be reached, a consensus time was calculated. The
first point in a successive order of 10 scores exceeding
the threshold was used.

Validation

First, existing data sets from previous study trials were
used to calculate the exact times of blood withdrawals
retrospectively. The arterial pressure measurements
from the trials were read from the database and pro-
cessed in successive order for each stored point in time.
Each detected event was automatically plotted with a
Matlab script as a graphic chart of a 10-min window
to perform a visual inspection and validation of the
variables and the scoring function.

Because the used blood gas analyzer was connected
to the TICoMS infrastructure as the used medical
framework as well, the analysis results and their dates
were also processed and stored during the performed
trials and thus available for retrospective analysis. The
exact times of blood gas analyses were extracted and
used as a reference for the blood withdrawal times. For
each known analysis point the event was processed in
the same way as the events detected by the algorithm:
Plotting the corresponding pressure measurements
and calculating a detection score. The resulting points
in time and plots where then used to determine correct
hits by the algorithm and match the detections correctly
to the blood gas analysis and other events.

Second, a real-time version of the algorithm was
tested alongside two study trials performed with the
experimental setup described above. This gave the
opportunity to observe the blood withdrawal events
and the analytic algorithm concurrently without delay.
The integration and real-time processing capabilities of
the proposed method within the used medical software
framework was evaluated.

For evaluation of the algorithm’s performance, all
known blood gas measurements are matched to the
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Figure 1 Example plot of the estimation process from a single detection during trial 2. A ten minute window for the measured blood pressures and the
calculated score (bottom) is shown. Absence of data for ABPs and ABPd is shown as blue boxes, exceeding ABPm and scoring threshold are shown with red and

green boxes, respectively.

detected events and counted as hits, missed blood
gas analysis events are counted as misses. Additional
detections were visually inspected and compared to
other performed procedures to determine if an actual
manipulation is present. Such events are additional
blood withdrawals for laboratory and activated clotting
time analysis. These events are accounted for as
additional hits by the algorithm and denoted as other,
whereas all other disturbances erroneously detected by
the proposed algorithm are classified as false positives
(FP) and denoted as errors. The performance of the
detection is evaluated in terms of sensitivity or true
positive rate, which represents the fraction of detected
events of the total number of events:

TPR = (hits + other)/(hits + other + misses).

Precision or positive predictive value:

PPV = (hits + other)/(hits + other + errors).

And the F1 score as the harmonic mean of sensitivity
and precision:

F1 = [2 x (hits + other)]/[2 x (hits + other +
misses + errors)]

RESULTS

The retrospective analysis was performed by calculating
the scoring function and thus the exact times of blood
withdrawal events from the numerical values stored in
the database. Independently, the timestamps in the
database for the results of the blood gas analysis were
exported.

Each event detected by the algorithm was processed
to store the exact times in a text file, containing
all dates and times of the events and as an image
where the ABPm, ABPs, ABPd measurements and the
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calculating scoring function are plotted below each
other. An example for such a detection event plot is
shown in Figure 1. In this figure 10 min windows of the
three measured parameters ABPs, ABPm, ABPd and
the calculated scoring function are displayed. For ABPs
and ABPd time frames with missing data are highlighted
with a blue box in their respective graphs. For ABPm the
calculated moving average pressure is plotted with a
red line. Exceeding the defined deviation from the mean
pressure is highlighted with a red box in the graph.
Scoring function threshold exceedance for a consecutive
order of 10 measurements is highlighted with green
boxes.

Additionally, after processing all data from a single
trial, a summarized plot for all events was generated
to provide an overview of the performed blood gas
analyses in comparison to the detected events. Such an
overview is shown in Figure 2 for trial number 3. The
plot displays the detected events and the performed
blood gas analyses along the time axis of the study
trial. In the upper row, red bars are used to show
the points of blood withdrawal detections. The lower
row represents the time of known blood gas analysis
measurements. The blood gas analyses were performed
regularly and except for one analysis at the beginning,
all events were successfully detected by the algorithm.
An additional detection is shown around hour 51 of the
trial. Furthermore, the delay between blood withdrawal
and the storing of the analysis results can be observed,
as the red bars precede the black bars slightly.

The results of the retrospective analyses for all trials
and the algorithmic performance for each individual
trial and in total are shown in Table 1. Each column
represents a single trial with the number of performed
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Figure 2 Example time-series for the predicted blood withdrawal time (upper red bars) and the time of measurements in the blood gas analysis device (lower

black bars) during a 72 h trial.

Table 1 Detection results of the proposed algorithm applied retrospectively to the data acquired in seven trials

Trial 1 2 3 4 5 [ 7 Total
Number of BGAs 72 34 75 73 66 40 74 434
Detected Manipulations 77 36 74 73 78 57 109 514
Detected BGAs (hits) 69 33 73 70 66 38 73 422
Missed BGAs (misses) 3 1 2 3 0 2 1 12
Other events (other) 5 2 1 1 8 15 32 64
False detections (errors) 3 1 0 2 4 4 4 18
Sensitivity 0.96 0.97 0.97 0.96 1.00 0.95 0.99 0.97
Precision 0.96 0.97 1.00 0.97 0.94 091 0.95 0.96
F1 Score 0.96 0.97 0.99 0.97 0.97 0.93 0.97 0.97

BGAs, the number of manipulations detected by the
algorithm, the hits and misses for the BGAs, other
events and false positive detections. The statistical
measures for each trial, sensitivity, precision and F1
score are shown below. The rightmost column shows
the combined result of all analyzed trials. A total
number of 434 BGAs was present in the observed data.
The algorithm detected 514 events, of which 422 were
BGAs. Thus, BGAs could be successfully detected in
422 of 434 cases (97.23%). Sixty-four other observed
events like blood withdrawal for laboratory and activated
clotting time analysis were detected. In 18 cases, the
algorithm performed a wrongful detection of an event,
whereas only fluctuations in the pressure curve were
present. Overall, a sensitivity of 0.97, a precision of 0.96
and an F1 score of 0.97 were achieved. The algorithm
proved to successfully detect blood withdrawals by
a broad variety of caregivers at different levels of
professional experience.

The real-time version of the algorithm was succ-
essfully integrated in the medical software framework for
two additional trials and could successfully detect blood
withdrawals and manipulations from the arterial catheter
in real-time, thus showing the fundamental feasibility
of the proposed method for clinical application as a
precaution measure against mix-ups.

DISCUSSION

A highly accurate algorithm was developed to detect
blood withdrawals and other manipulation events
in patients with established arterial blood pressure
monitoring. This algorithm identified more than 97
percent of the performed samplings for blood gas
analyses.
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Using a 10-min sliding window for mean calculation
of the measured ABPm allowed for dynamic adaption to
the current patient state and changing blood pressures.
Therefore, the detection capabilities were maintained
stable for long observation times (96 h in this study).
In all trials a total number of only 18 false positive
detections occurred. Even if the algorithm detected
such additional events, there was a strong bias between
false positive and false negative rates for the task of
withdrawal detections. Successful detection of all real
events was the uppermost important goal, as it was
required for a correct sample dating a matching for the
patient. False negative rate was therefore the critical
statistical size as an undetected blood sample cannot be
dated and processed. On the other hand, false positives,
hence detections without indication did occur but
caused no significant harm due to their low frequency
of occurrence. However, an increased frequency of
false positive detections yields the risk of selecting
wrong events. But this error was limited to a definable
timeframe. Only the last 10 min were evaluated for
detection of blood withdrawal events, so only events
within this time frame are relevant.

Characteristic pattern of blood withdrawals occurring
on arterial blood pressure were used for algorithmic
detection of the events. Neither data imputation for
missing measurements nor ignoring missing values
was performed. Instead, by using tags indicating when
information was missing this knowledge of systolic
and diastolic pressure was preserved. In the context
of arterial blood withdrawal this data was NMAR but
absent due to the artificial pressure level provided
by the pressurized infusion bag. The combination of
present information with tags derived from the missing
systolic and diastolic measurements yields this useful
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detection algorithm.

Due to general anesthetics, patient movement was
not present in study conditions but should be evaluated
for a general clinical application. However, explicitly
using the information obtained from the absence of
the systolic and diastolic pressures, random events like
movements should not lead to such a loss of data, thus
not exceeding the threshold for the scoring function.

With a known exact time of blood withdrawal,
the blood sample can automatically be dated back to
the moment of withdrawal if the measurement was
processed by a hospital information system. As shown
in the analysis, for the chosen 10 min window the
event can be dated back from the exact measurement
times to obtain the withdrawal point. If longer times for
handling the blood samples are needed, the observed
timeframe should be enlarged or even shifted, for
example ignoring the most recent minutes for the
analysis at all, as processing and transporting time of
the blood sample provides a lower boundary.

Additional parameters can easily be included in the
detection algorithm with an individual scoring weight
to adapt for specific procedures or additional detection
performance. If for example an arterial temperature
was measured as well, the temperature change
resulting from flushing the catheter with saline solution,
can be detected as a characteristic event as well and be
included in the scoring function.

For improved versions of the detection algorithm
and additional studies there are several directions
further research might be headed to. Instead of using
the observed numerical values for ABPm, ABPs and
ABPd, the pressure curve itself may be analyzed.
Using such high resolution raw data, calculation of
the numerical values for systolic, diastolic and mean
pressure may be specifically tailored to process the
state of missing data, therefore refining the detection
by improving the decision when a systolic and diastolic
measurement can be calculated. This might be further
extended by integrating models for heart beat detection
and to establish a better estimate for deviations from
the expected heart rate and variations in to decide if a
physiological measurement was present.

The application of the provided solution to a hospital
ward with multiple patients could be performed by
integration in point-of-care devices like a blood gas
analyzer. As suggested by Huijsmans et al*’, usage of
additional parameters in the analytical phase should be
considered for better sample identification and reducing
mix-ups. Using the novel information of automatically
calculated times for blood withdrawals, a list of admitted
patients can be limited to those, where such an event
was detected. This would reduce the error potential of
wrong data entries or mix-ups in patient identification
from the entire patient database. A full list of all patients
should still be available in a second menu, providing
an override if detection was not possible. However, this
additional step would force attention of the caregiver,
being aware of currently performing an override and
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focusing on the correct patient selection in this no
longer standard procedure. This can significantly
improve patient identification as the most commonly
observed problem in different studies by Wallin, Wagar
and Vallenstein et aft*”.,

Additionally, after successful patient identification,
a selection of the detected points of blood withdrawal
could be performed and directly be stored with the
analysis result, allowing for a more accurate timing of
the blood sample. The time between blood withdrawal
and analysis is known when automated detection
is performed. A warning could then be shown if a
predefined time between sampling and measurement is
exceeded.

In this paper, we provide a sample application and
a first step on the way to automated systems in clinical
care settings interacting with point-of-care devices.
Detection of blood withdrawal is just an example for the
broad range of possibilities that may lead to solutions
which will help caregivers and reduce their workload
or provide additional safeguards in stressful situations
addressing the major problem of noncompliance with
guidelines observed by Iboje et al”’,

Major challenges are still to be faced in terms of
data access, interconnection of medical devices and
dealing with consequently overwhelming big data of
patient information. These tasks need to be solved in
cooperation with established knowledge from computer
science, tailored to the specific needs of the medical
sector. By unleashing such great potential, many
repetitive or standardized tasks can be automated
or computer-assisted checks and protection systems
against mistakes could be implemented to increase
patient safety and reduce the risk of potential errors
for caregivers in stressful situations caused by high
workload.

COMMENTS

Background

Monitoring of arterial blood pressure with arterial catheters is commonly
performed in critical patients. Regular arterial blood withdrawals are performed
to assess the patient state.

Research frontiers

Interconnection of medical devices and automated systems in the medical
sector are still experimental. Combining computer science and medicine is still
a challenge. Whereas automation and guidance and advanced safeguards are
common in other fields of application.

Innovations and breakthroughs

A novel approach for the detection of blood withdrawal in patients with
an arterial catheter for arterial blood pressure monitoring is described. By
interconnecting a patient monitor to a point-of-care diagnostic device, the
selection of patient data can be narrowed to patients with plausible sampling
events.

Applications

Detection of blood withdrawal may be a useful feature integrated in medical
monitors and blood gas analysis devices to increase patient safety by allowing
a better, automated sample dating and the reduction of the risk for sample
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mix-ups in hospital wards. However, for a practical implementation additional
validation steps are required and medical devices like the blood gas analyzer
must be adapted by the manufacturer to allow a pre-selection for patients with
recently detected blood withdrawals.

Terminology
Arterial blood pressure (ABP), Mean Arterial blood pressure (MAP or ABPm),
systolic ABPs, diastolic ABPd, blood gas analysis BGA, arterial blood gas (ABG).

Peer-review

The authors prepared and evaluated the algorithm of automatic detection
of blood withdrawals by using data from continuous direct blood pressure
monitoring. The algorithm may be useful to recognize and eliminate errors in
recording blood withdrawal events from the specific patients. The algorithm
provides reasonable precision and prediction rates. The methods used were
adequate. The manuscript is well-written and will be interesting for intensive
care specialists.
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Abstract

AIM
To evaluate the safety and efficacy of sedating pediatric
patients for outpatient flexible bronchoscopy.

METHODS

A retrospective chart review was conducted for all chil-
dren, age 17 years or under who underwent flexible
bronchoscopy under deep sedation in an outpatient
hospital-based setting. Two sedation regimens were
used; propofol only or ketamine prior to propofol. Patients
were divided into three age groups; infants (less than
12 mo), toddlers (1-3 years) and children (4-17 years).
Demographics, indication for bronchoscopy, sedative
dosing, sedation and recovery time and adverse events
were reviewed.

RESULTS

Of the total 458 bronchoscopies performed, propofol
only regimen was used in 337 (74%) while propofol
and ketamine was used in 121 (26%). About 99% of
the procedures were successfully completed. Children
in the propofol + ketamine group tend to be younger
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and have lower weight compared to the propofol only
group. Adverse events including transient hypoxemia and
hypotension occurred in 8% and 24% respectively. Median
procedure time was 10 min while the median discharge
time was 35 min. There were no differences in the indi-
cation of the procedure, propofol dose, procedure or
recovery time in either sedative regimen. When compared
to other age groups, infants had a higher incidence of
hypoxemia.

CONCLUSION

Children can be effectively sedated for outpatient flexible
bronchoscopy with high rate of success. This procedure
should be performed under vigilance of highly trained
providers.

Key words: Pediatric flexible bronchoscopy; Propofol;
Deep sedation; Procedural sedation; Sedation time;
Hypoxemia

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In this retrospective study “Intensivist-based
deep sedation using propofol for pediatric outpatient
flexible bronchoscopy”, we are presenting our center data
on pediatric patients who underwent flexible bronchoscopy
under deep sedation using propofol. The study outlines
our experience with intensivist-based procedural sedation
as an effective strategy to facilitate successful completion
of flexible bronchoscopy. This is the largest retrospective
study describing the use of propofol-based procedural
sedation in the outpatient settings for pediatric flexible
bronchoscopy.

Abulebda K, Abu-Sultaneh S, Ahmed SS, Moser EAS, McKinney
RC, Lutfi R. Intensivist-based deep sedation using propofol for
pediatric outpatient flexible bronchoscopy. World J Crit Care
Med 2017; 6(4): 179-184 Available from: URL: http://www.
wjgnet.com/2220-3141/full/v6/i4/179.htm DOI: http://dx.doi.
org/10.5492/wjcem.v6.i4.179

INTRODUCTION

In the last two decades, flexible bronchoscopy (FB) has
become an increasingly important outpatient tool used in
the evaluation of pulmonary abnormalities in children*?.
As FB allows direct visualization of the patient’s upper and
lower airway larynx', it has been used as a diagnostic
and therapeutic tool for chronic cough, wheezing, cystic
fibrosis and infection etiologies in immunocompetent
and immunocompromised patients™™ to diagnose various
congenital or acquired pediatric airway anomalies/
abnormalities.

While the need for appropriate sedation for FB is con-
troversial in adults™, deep sedation is generally needed
in children due to their developmental capabilities and
airway anatomy in order to blunt the airway protective
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reflexes and suppress the cough stimulus. Using deep
sedation not only decreases a child’s distress and
discomfort but also significantly increases the chance
of a successful completion of the procedure!™®. Multiple
sedation regimens and route had been evaluation
including nasal, oral, intravenous and topical anesthetic”.
Commonly used drugs for sedation for FB include a
benzodiazepine and opioids combination or ketamine
with or without benzodiazepine'®®?..

Propofol is an iv sedative-hypnotic agent that is used
for induction and maintenance of deep sedation and
general anesthesia™™”. Propofol has many properties,
including a rapid onset, short duration of action with rapid
recovery time and minimal adverse events, which makes
it an ideal agent for pediatric sedation in the outpatient
setting!". Emerging data support the safety and efficacy
of using propofol outside the operating room for pediatric
outpatient procedures by qualified physicians trained
in sedation with advanced airway management!"*?. Ad-
ditionally, with increasing numbers of pediatric patients
undergoing diagnostic and therapeutic FB and the
relative shortage of anesthesiologists and operating
room availability, other pediatric subspecialists, such
as pediatric critical care physicians, have stepped in to
provide pediatric procedural sedation!***?,

Ketamine is a dissociative agent that has analgesic,
sedative and amnestic properties. It has been frequently
used to facilitate painful procedures in children and has
proven to be safe and effective in numerous studies!*®.,
However, despite the reported safety of ketamine in these
studies, it had been reported that high dose ketamine
could result in respiratory depression and excessive
salivary secretions leading to adverse respiratory
events'’”),

The combination of propofol and ketamine for ped-
iatric sedation had been reported to provide optimal
hemodynamic stability and reduced adverse effects
when compared to propofol alone!*®*?%, Additionally, the
combination of propofol and ketamine had been shown to
be beneficial in other medical fields because of allowing
lower doses of propofol resulting in the reduction of the
undesirable adverse effects™™. Many authors reported
the advantages of propofol-ketamine combination in
terms of hemodynamic profile and pain control in cancer
patients undergoing painful procedures™.

The purpose of this study is to review the author in-
stitution’s experiences using propofol-based deep,
procedural sedation regimens for pediatric flexible
bronchoscopy in an outpatient setting.

MATERIALS AND METHODS

This retrospective study was approved by the insti-
tutional review board of the Indiana University. All
pediatric patients between the ages of two months
to seventeen years of age undergoing deep sedation
for flexible bronchoscopy from March 2007 to August
2012 were included. Patients were divided into three
age groups; infants (less than 12 mo), toddlers (1-3
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years) and children (4-17 years). Patients in whom
flexible bronchoscopy evaluation was performed in the
Pediatric Intensive Care Unit through tracheostomy or
endotracheal tube were excluded. All bronchoscopies were
performed at the Riley Hospital for Children at Indiana
University Health System by a pediatric pulmonologist
with the assistance of a respiratory therapist at our de-
dicated outpatient sedation room.

History and physical exam were performed and
documented according to the American Academic of
Pediatrics (AAP) guidelines for sedation®". Written consent
was obtained from the parents or guardian prior to the
procedure. Sedation was performed by a sedation team
consisting of a pediatric intensivist and two sedation
nurses with a pediatric critical care background who
monitored the patient during and after each procedure.
Guidelines have been laid down by the AAP regarding
monitoring, management and discharging children
during procedural sedation®!!, All patients were either
classified as ASA-PS 1I or I per American Society of
Anesthesiologists-Physical Status classification system.
Patients were without any oral intake for at least 6 h prior
to the procedure and had an intravenous catheter placed
by sedation team. Physiologic parameters such as heart
rate, respiratory rate, oxygen saturation and noninvasive
blood pressure were measured every 5 min throughout
the procedure and every 15 min after its completion
until the patient was fully awake. Supplemental oxygen
(2 L per min) was administered via nasal cannula to
the majority of the patients (92%) before and during
the procedure. Prior to sedation, each patient received
viscous lidocaine to the nare, a transnasal approach was
used for all procedures. Additional doses of lidocaine were
applied to the vocal cords, trachea and major bronchi as
required per pulmonologist.

Two sedation strategies were used; intravenous (iv)
propofol only (P-O) and iv ketamine prior to iv propofol
(K-P), solely based on the intensivist preference. When
ketamine was used, it was administered as an initial
bolus of 0.5 mg/kg for patients who weigh less than 20
kg and 0.25 mg/kg for patient’s weight more than 20
kg. Propofol was administered as an initial bolus of 1-2
mg/kg with additional boluses of 1 mg/kg as needed to
achieve deep sedation (level 3) based on University of
Michigan sedation scale®®”.

Adverse events were recorded including development
of hypoxemia (oxygen saturation of less than 90% for
more than 30 s), hypotension (drop in systolic blood
pressure below expected for age or a drop of 20% from
baseline), worsening stridor from baseline, and bleeding
(hemoptysis or epistaxis). Serious adverse events such
endotracheal intubation, respiratory or cardiac arrest or
failure to complete the procedure were also recorded.

Procedure time was defined as the time between the
first bolus of sedation until the bronchoscopy procedure
completed. Recovery time (RT) was defined as the
interval between the completions of the procedure until
the patient’s level of conscious was back to baseline.
Discharge time (DT) was defined as the interval between
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the start of sedation until the patient was discharged
home.

Outcomes analyzed included: Propofol dose, hy-
poxemia, hypotension, procedure and recovery times,
and time to discharge. For the two sedation strategies,
bivariate analyses were conducted using * and Wilcoxon
Sum Rank Tests. For the three age groups, bivariate
analyses were conducted using »° and Kruskal-Wallis
Tests.

RESULTS

During the study period, a total of 458 bronchoscopies
were performed, of which 454 (99.1%) were successfully
completed. Patients’ demographics and indications
for bronchoscopy are summarized in (Table 1). Of the
458 flexible bronchoscopies performed, 337 patients
(73.6%) were sedated using propofol only strategy and
121 patients (26.4%) using propofol and ketamine.
Children in the (K-P) group tend to be younger and have
lower weight compared to the (P-O) group. Four cases
(< 1%) (3 in the P-O group, 1 in the K-P group) were
terminated early. Two patients (< 0.5%) were admitted
to the pediatric intensive care unit; one toddler in the
P-O group and one child in the K-P group. One of the
four patients required endotracheal intubation; two other
patients required fluid resuscitation and one patient
had a brief bradycardic episode. Both admitted patients
were discharged home in the first 24 h of admission.
Transient hypoxemia occurred in 8.3% of patients while
hypotension in 23.6%. Prolonged hypoxemia nece-
ssitating the need for bag/mask ventilation happened in
5.1% of all patients (Table 2). There was no significant
difference in propofol dosage, adverse effects or sedation
times using the two sedation strategies (P-O or K-P)
(Table 2). Analysis of the three age groups showed
significantly higher hypoxemia in infants compared to
toddlers and children (Table 3). A logistic regression of
age groups predicting hypoxemia showed that infants
have significantly higher odds of hypoxemia compared to
toddlers (P < 0.0001, OR: 13.56, 95%CI: 3.92, 46.91),
and compared to children (P < 0.0001, OR: 10.96,
95%CI: 3.65, 32.91). However, children and toddlers do
not have significantly different odds of hypoxemia (P =
0.62).

DISCUSSION

FB is an essential diagnostic and therapeutic modality
commonly used in various congenital and acquired
pediatric pulmonary disorders®*,

To the best of our knowledge, this is the largest
retrospective study describing the use of propofol with
or without ketamine for procedural sedation in the
outpatient settings for pediatric FB.

Between 2007 and 2012, we have used propofol as the
main intravenous sedative agent for pediatric outpatient for
FB. Propofol was well tolerated in the majority of pediatric
patients undergoing the FB. Compared with the study of
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Table 1 Demographics and indications of bronchoscopy in patients

Variable Overall (7 = 458) Propofol only (n = 337) Propofol ketamine (7 = 121) P value
Age, yr 5.0 (2.5,9.1) 5.6 (2.8,9.8) 34 (19, 6.6) <0.0001
Age group, 1 (%)

Infant (< 12 mo) 15 (3.3) 6 (1.8) 9 (7.4) <0.0001

Toddler (1-3 yr) 132 (28.8) 84 (24.9) 48 (39.7)

Child (4-17 yr) 311 (67.9) 247 (73.3) 64 (52.9)
Weight (kg) 1811 (13.1, 31.8) 20.0 (14.4, 33.0) 14.7 (11.2, 26.0) <0.0001
Female gender, 1 (%) 198 (43.2) 143 (42.4) 55 (45.5) 057
Diagnosis, 1 (%)

Cystic fibrosis 38 (8.3) 29 (8.6) 9 (7.4)

Cough 93 (20.3) 62 (18.4) 31 (25.6) 038

Wheezing 108 (23.6) 87 (25.8) 21 (17.4)

Stridor 56 (12.2) 41 (12.2) 15 (12.4)

Pneumonia 57 (12.4) 42 (12.5) 15 (12.4)

Tachypnea 106 (23.1) 76 (22.6) 30 (24.8)

Table 2 Average doses, sedation times and adverse events

Variable Overall (7 = 458) Propofol only (7 = 337) Propofol ketamine (7 = 121) P value
Propofol dose (mg/kg) 4.1 (2.7,5.6) 4.2 (2.7,5.6) 3.7 (2.8,5.2) 0.3
Procedure time (min) 10 (6, 15) 10 (7,12) 10 (5, 15) 0.3
Recovery time (min) 25 (20, 30) 25 (20, 30) 25 (20, 35) 0.63
Time to discharge (min) 35 (30, 43) 35 (30, 40) 35 (30, 45) 0.31
Respiratory events
Prophylactic use of Oz supplementation prior to 423 (92.4) 311 (92.3) 112 (92.6) 0.92
bronchoscopy, n (%)
Hypoxemia, 1 (%) 38 (8.3) 29 (8.6) 9(74) 0.69
BMV/significant desaturation’, 1 (%) 0.58

Neither 413 (91.2) 302 (90.7) 111 (92.5)

BMV + significant desaturation 23 (5.1) 16 (4.8) 7 (5.8)

Significant desaturation only 16 (3.5) 14 (4.2) 2(1.7)

BMV use only 1(0.2) 1(0.3) 0(0)
Cardiac events
Start MBP 77.7 (70.3, 86.7) 78.3 (71.3, 86.3) 76.3 (68.0, 88.7) 0.58
End MBP 70.3 (63.0, 78.7) 71.0 (64.0, 79.3) 68.7 (61.7, 76.3) 0.04
Difference in MBP -7.5 (-17.0, 2.0) -6.7 (-16.0,2.7) -8.7 (-19.0, 0.7) 0.12
9% Change MBP from start of procedure -9.8 (-20.0, 3.0) -9.2 (-18.8,4.3) -10.5 (-22.8, 0.7) 0.12
Blood pressure drop more than 20% from the baseline 108 (23.6%) 76 (22.6%) 32 (26.4%) 0.4

(hypotension)

'Significant desaturation defined as oxygen saturation of less than 90% for more than 30 s. BMV: Bag mask ventilation; MBP: Mean arterial blood pressure.

Hasan and Reddy, our RT and discharge time DT were
significantly shorter (26.7 £ 14.3 min vs 40 £ 18 min) and
(37.6 £ 16.1 min vs 80 + 44 min) respectively®, These
findings can be due to the variability in indications and the
practice of FB in pediatrics. Additionally, our propofol dose
used is in line with the findings in another study to evaluate
the use of propofol in pediatric FB™! with no significant
difference between three age groups or sedation regimens.

The routine administration of small dose ketamine
prior to propofol has been shown in some studies to
be beneficial in maintaining hemodynamic stability and
decreasing side effect profile of propofol*®*?l, We used
ketamine prior to propofol in only one fourth of our
patient population but we did not observe significant
difference in the adverse events between two groups.
Also, we observed no difference in the average propofol
dose between the groups. Additionally, RT and DT were
similar in both groups. It is unclear whether there is
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truly no difference when adding ketamine to propofol
or if it was due to small sample size or could be related
to the fact that ketamine dose is too low to achieve
anesthetic effect.

In term of adverse events and comparing to the
data from the Pediatric Sedation Research Consortium
on propofol sedation, we observed higher incidence of
transient hypoxemia, hypoxemia required bag/mask
ventilation and unexpected hospital admission in our
study (8% vs 1.4%, 5% vs 1%, 0.4% vs 0.07%
respectively)™. The higher incidence of these adverse
events could be related to the nature of the procedure.
Additionally, the pediatric research consortium data did
not include pediatric patients who undergo this category
of procedures. However, our findings are consistent with
other reported data of complications of FB in children®,
Our infants group had a significantly higher incidence
of transient hypoxemia in infants compared to toddlers
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Table 3 Analysis of adverse events, propofol dose and sedation times in three age groups

Variable Infants (7 = 15) Toddlers (7 = 132) Children (n = 311) P value
Hypoxemia, 1 (%) 7 (46.7) 8 (6.1) 23 (7.4) <0.0001
Hypotension, n (%) 2(13.3) 35 (26.5) 71 (22.9) 0.45
Propofol only regimen, 1 (%) 6 (40.0) 84 (63.6) 247 (79.4) <0.0001
Propofol dose (mg/kg) 43 (24,54) 4.34 (3.3,5.3) 3.7 (2.5,5.7) 0.06
Recovery time (min) 25 (15, 30) 25 (20, 35) 25 (20, 30) 0.39
Procedure time (min) 10 (7, 15) 10 (5,11.5) 10 (8, 15) 0.16
Time to discharge (min) 35 (25, 40) 35 (30, 45) 35 (30, 40) 0.56

and children (46.7%, 6% and 7% respectively). While
infants are only 3% of our study population. This could
be due to some difficulty in delivering Oz by nasal
prongs to younger children or due to their low functional
residual capacity. Given the high incidence of transient
hypoxemia, infants might benefit from having their
bronchoscopies performed under general anesthesia with
a secure airway. Two children in our study had major
unexpected complications requiring hospital admission
(0.4%). Both were discharged home in the next day.

Our study has a number of limitations, including its
retrospective nature and the fact that it was conducted
at a single institution. As a retrospective report, there are
many variables that are impossible to control and any
comparison of our techniques is really made impossible
by the possible bias that is introduced by how our
sedation providers may have chosen to deliver sedation
to one patient vs another. In regards to the sedation
regimen used or the need for oxygen supplementation,
it was chosen by the attending physician based on
personal preference and experience. However, statistical
analysis showed no difference between the two sedation
regimens. Lastly, we did not compare the efficacy,
adverse events and the cost of performing these pro-
cedures as an outpatient setting to the operation room
setting under general anesthesia, future study comparing
both settings with tightly controlled protocols and well
defined outcomes would provide important information.
The purpose of this study was not to compare between
these two approaches, rather to describe our experience
using propofol based sedation regimen for pediatric
outpatient flexible bronchoscopy as an alternative
approach that might be applied in certain institutions.

In conclusion, children can be sedated using propofol
based sedation regimen for flexible bronchoscopy vs a
pediatric intensivist-based team in an outpatient setting
with expediency and high rate of success. Given the
nature of the procedure, we observed a higher incidence
of transient hypoxemia especially in infants and an
overall higher incidence of hypoxemia compared to other
procedures done under the same setting. This approach
can be appealing since it provides an alternative valuable
option to general anesthesia with a short recovery and
discharge time. Given the higher incidence of anticipated
adverse events, the use of this sedation strategy
should be restricted to practitioners highly trained in
pediatric airway and cardiorespiratory monitoring and
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management. Future study comparing this strategy to
general anesthesia to determine any economical and
workflow advantages and monitor adverse events is
warranted.
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AIM

To prospectively evaluate the reproducibility of diaphragm
thickness measurement by ultrasonography at the bed-
side by critical care physicians in patients on invasive
mechanical ventilation.

METHODS

In a prospective observational study of 64 invasively
ventilated patients, diaphragmatic thickness measurement
was taken by 2 different observers at the same site.
Three measurements were taken by each observer and
averaged. The intraobserver and interobserver variability
was assessed by estimation of intraclass correlation coe-
fficient. The limits of agreement were plotted as the
difference between two observations against the average
of the two observations in Bland and Altman analysis.

RESULTS

The mean diaphragm thickness at the functional residual
capacity was 2.29 = 0.4 mm and the lower limit of the
normal, ie., the 5" percentile was 1.7 mm (95%CI:
1.6-1.8). The intraclass correlation coefficient for intra-
observer variability was 0.986 (95%CI: 0.979-0.991)
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with a P value of < 0.001. The intraclass correlation
coefficient for interobserver variability was 0.987 (95%CI:
0.949-0.997) with a P value of < 0.001. In Bland and
Altman analysis, both intraobserver and interobserver
measurements showed high limits of agreement.

CONCLUSION

Our study demonstrates that the measurement of dia-
phragm thickness by ultrasound can be accurately per-
formed by critical care physicians with high degree of
reproducibility in patients on mechanical ventilation.

Key words: Diaphragm; Ultrasonography; Mechanical
ventilation

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Ultrasonography (USG) is a cheap, cost effective
and non-invasive bedside tool for evaluation of diaphragm
thickness during mechanical ventilation. Measurement
of diaphragm thickness by USG can be accurately per-
formed by critical care physicians with high degree of
reproducibility. USG should be used more often by the
physicians in the intensive care unit for the assessment of
the diaphragm.

Dhungana A, Khilnani G, Hadda V, Guleria R. Reproducibility of
diaphragm thickness measurements by ultrasonography in patients
on mechanical ventilation. World J Crit Care Med 2017; 6(4):
185-189 Available from: URL: http:/www.wjgnet.com/2220-3141/
full/v6/i4/185.htm DOI: http://dx.doi.org/10.5492/wjccm.v6.i4.185

INTRODUCTION

Invasive mechanical ventilation causes progressive decline
in diaphragm bulk and strength in a phenomenon called
ventilator induced diaphragm dysfunction'"!. Diaphragm
movement and function can be assessed by various
methods which include chest X-ray, supine vital capacity,
maximum inspiratory pressure, electromyography and
magnetic phrenic nerve stimulation. Ultrasonography
(USG) is a cheap, cost effective and non-invasive bedside
tool for evaluation of diaphragm thickness. It has been
used successfully to measure diaphragm thickness and
movement in ambulatoryin dividuals'*®!. Diaphragm
thickness is a surrogate of its strength and helps to predict
the outcome of extubation in patients on mechanical
ventilation™**!, However, localization and measurement
may be more difficult in critically ill ventilated patients
in the intensive care unit (ICU) due to significant
subcutaneous edema and supine position. The variability
may also be due to variation in image acquisition and
interpretation.

MATERIALS AND METHODS

This was a prospective observational study done in mech-
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anically ventilated patients admitted to the Pulmoanry
Medicine ICU, All India Institute of Medical Sciences, New
Delhi. Ethical clearance was obtained from the Institute
Ethics Committee and written informed consent was
obtained in all patients. Diaphragm measurements were
taken within the 1% 24 h of ICU admission.

Inclusion criteria

The inclusion criteria including: (1) patients aged > 18
years and requiring endotracheal intubation and mechanical
ventilation; and (2) admitted to the ICU within 72 h of
initiation of mechanical ventilation.

Exclusion criteria

The exclusion criteria including: (1) mechanical ventilation
for more than 72 h before admission; (2) any form of
mechanical ventilation in the preceding 3 mo or those
who are on home non-invasive or invasive ventilation; (3)
surgical dressings over the right lower rib cage; and (4)
surrogates of the patient not willing for consent.

Observer training

Both observers who conducted the ultrasonography
were provided training in ultrasonographic measurement
of diaphragm thickness by a radiologist in 3 sessions,
each session lasting 30 min.

Measurement of diaphragm thickness

All ultrasound examinations were done with Sonosite
Micromaxx Portable Ultrasound Machine (Sonosite, Inc.
United States) using the B-mode and a 5-10 MHz linear
transducer. Patients were put in a supine position at 0 'C
of incline. The same incline was used for all subsequent
measurements for a given patient. Diaphragm thickness
was measured in right hemi diaphragm in the zone of
apposition. USG probe was positioned at the 8" or 9"
right intercostal space with vertical orientation in the
mid-axillary line and adjusted until the diaphragm was
properly visualised. The distal end of the transducer
was marked with permanent ink. The diaphragm was
identified as the last set of parallel lines, the pleural and
peritoneal membranes overlying the less echogenic
muscle. Figure 1 shows an USG sample image of a
patient taken at end expiration. Three measurements
of the diaphragm thickness were taken and averaged
to report the mean. In 10 randomly selected patients,
diaphragm thickness was re-measured on the same day
by 2™ observer who was blinded to the results of the 1%
observer. The results of diaphragm measurements were
not revealed to the treating physician nor it was taken
into consideration in any clinical decision-making or
management of the patients.

Statistical analysis

The primary outcome was intraobserver and interobserver
variability of the measurements. The intraobserver
variability was assessed by estimation of intraclass
correlation coefficient using the three observations in the
same patient by the 1% observer. Interobserver variability
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END EXPIRATION
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Figure 1 Ultrasonography image of a patient taken at end expiration.
Diaphragm identified as the last set of parallel line, pleural and peritoneal
membranes overlying the less echogenic muscle.

was tested between observations made by the 1% and
the 2™ observers in the same subjects. The limits of
agreement were plotted as the difference between two
observations against the average of the two observations
in Bland and Altman analysis. Data was analysed using
International Business Machine (IBM) SPSS Statistics for
Windows, Version 20.0. Armonk, NY: IBM Corp.

RESULTS

Baseline characters
A total of 106 patients admitted to the ICU were
assessed for eligibility and inclusion into the study. Forty
two of the 106 were excluded as they did not meet the
eligibility criteria. Right hemidiaphragm localisation for
measurement of thickness was successful in 64 out of
66 (97%) subjects. The flow of the patients enrolled
into the study is shown in Figure 2.

The mean age of the study population was 54.5
+ 15.3 years. The mean diaphragm thickness at the
functional residual capacity was 2.29 £ 0.4 mm and the
lower limit of the normal, i.e., the 5" percentile was 1.7
mm (95%CI: 1.6-1.8).The baseline characteristic of the
study population is depicted in Table 1.

Intraobserver variability

The intraclass correlation coefficient was 0.986 (95%CI:
0.979-0.991) with a P value of < 0.001. In Bland and
Altman plots, 2 out of 64 observations were outside the
limits of agreement when first and second measurements
were compared. Similarly 1 out of 64 observations was
outside the 95% limit of agreement when the second and
third or first and third measurements were compared.

Interobserver variability

The intraclass correlation coefficient of interobserver
variability was 0.987 (95%CI: 0.949-0.997) with a P
value of < 0.001. In Bland and Altman analysis, no mea-
surements were outside the limit of agreement. Bland and
Altman plots of intraobserver and interobserver agreement
are shown in Figure 3.
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Screened: 106

Excluded

(1) Mechanical ventilation for more than 72 h: 24
(2) Receiving home non-invasive ventilation: 12
(3) Right intercostal tube /n situ: 3

(4) Poor acoustic window: 2

(5) Declined to participate: 1

Eligible for the study: 64

USG measurement of
diaphragm at end expiration
by 1% observer within 24 h of
inclusion: 64

10 randomly
selected patients

USG measurement of diaphragm
thickness by 2™ observer on the
same day

Figure 2 Flow of the patient enrolled into the study. USG: Ultrasonography.

Table 1 Baseline characters of the study population

Classification Quantity, 7 (%)
Mean age, yr 54.5+15.3
Male sex 45 (70)
Diagnoses
COPD 20 (31)
Post tuberculosis sequelae 11 (17)
Interstitial lung disease 8 (13)
Asthma 5(8)
Lung cancer 5(8)
Others' 15 (23)
Mean apache I score at admission 155+5.3
Mean diaphragm thickness at FRC (mm) 229+04

'Other diagnoses included chronic obstructive pulmonary disease, obstructive
sleep apnea overlap syndrome, aspiration pneumonia, diabetic ketoacidosis
and acute respiratory distress syndrome. COPD: Chronic obstructive
pulmonary disease; FRC: Functional residual capacity.

DISCUSSION

Diaphragm is the principal muscle of respiration and
its proper functioning is the critical determinant of the
ability of a patient to be successfully weaned from
mechanical ventilation. Assessment of diaphragm
thickness and function is relevant to clinical practice
because diaphragm dysfunction is an important cause of
complications in mechanically ventilated patients™*. We
were able to successfully measure diaphragm thickness
in 64 of the 66 (97%) patients who were eligible to
participate in the study. This finding is important as
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A Agreement between 1% and 2" measurement B Agreement between 1% and 3" measurement
2/64 = 3.13% outside the limits of agreement 1/64 = 1.56% outside the limits of agreement
Mean difference 0.002 Mean difference 0.001
95% limits of agreement (-0.027, 0.031) 95% limits of agreement (-0.031, 0.033)
Averages lie between 0.185 and 0.415 Averages lie between 0.185 and 0.415
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Figure 3 Bland and Altman plots of intraobserver agreement in diaphragm measurement. The result of three occasions (A-C) and between two observers (D).

measurement of diaphragm thickness by USG is an
easy to learn, non-invasive bedside tool and is hazard
free. It also avoids the hassle of shifting the patients out
of the ICU and the associated complications.

Previous studies have shown that USG measurements
of diaphragm thickness and movement have high degree
of reproducibility in both spontaneously breathing and
mechanically ventilated patients®®. In the study by
DiNino et a® diaphragm thickness was measured by an
intensivist after an initial training of three to five sessions
lasting ten to 15 min each. The intra-observer variability
after such training was less than 10%. Similarly, in the
study by Schepens et af”! the coefficient of reproducibility
was high (0.945 for intra-observer and 0.971 for inter-
observer variability). Francis et a''” also demonstrated
both to be greater than 0.95. The intraclass correlation
coefficients of both intra and inter observer variability in
our study was high. Our study demonstrates that the
measurement of diaphragm thickness by ultrasound can
be accurately performed by critical care physicians after
a short training with high degree of reproducibility.

The mean diaphragm thickness in our cohort was 2.29
+ 0.4 mm and the lower limit of normal was 1.7 mm
(95%CI: 1.6-1.8). Prior studies have reported a diaphragm
thickness in the range of 1.5 to 3.2 mm in normal healthy
population®®*?, The diaphragm thickness and contractility
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are minimally affected by age, body habitus and smoking
history and may differ in different population. Majority of
the patients in our study had underlying chronic respiratory
disorder, as the most common diagnoses were chronic
obstructive pulmonary disease (COPD), post tuberculosis
sequelae, interstitial lung disease, asthma and lung cancer.
The mean diaphragm thickness in COPD patients, as
reported by Baria et a"* was 2.8 mm and the lower limit
of normal was 1.4 mm. The diaphragm thickness in COPD
population was lesser than the normal controls. There was
also a wider deviations of diaphragm thickness from the
mean in those with COPD as compared to the controls (SD
= 1.6 vs 1.3 mm for COPD and controls respectively).
Our study also has some limitations. Though we
analysed the intraobserver variability of diaphragm
thickness measurements in all included patients, inter-
observer variability was only evaluated in 10 randomly
selected patients in the study cohort. This was due
to technical difficulties in performing ultrasonography
twice in all patients. Hence, the results of interobserver
agreements may need to be replicated in a larger cohort.
All the measurements were taken by physicians trained
in critical care ultrasonography and the radiologist was
only involved in the initial training of the observers.
Another limitation of the study is that we only used B
mode for the measurement of diaphragm thickness. M
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mode USG has also been suggested by some authors
as an alternative modality to assess diaphragmatic
excursionst™®, Reproducibility compared to a radiologist
derived measurement would have added more value to
the results.

In conclusion, the results of our study indicate that
the measurement of diaphragm thickness by ultrasound
can be accurately performed by critical care physicians
with high degree of reproducibility. Hence, USG should
be used more often by the physicians in the ICU for the
assessment of the diaphragm.
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Background

Ultrasonography (USG) is a cheap, cost effective and non-invasive bedside
tool for evaluation of diaphragm thickness and function during mechanical
ventilation. However, there may be variability in the measurement of diaphragm
thickness by USG due to variation in image acquisition and interpretation.

Research frontiers

The reproducibility of diaphragm thickness measurement by critical care
physicians at bedside needs to be further explored. The results from this
study suggest that the intraobserver and interobserver agreements of the
measurements by critical care physicians after adequate training is high.

Innovations and breakthroughs

This study adds to the current literature of evidence that USG can be used at the
bedside to measure diaphragm thickness during mechanical ventilation even by
critical care physicians, and can be used as a guide to assess weaning outcomes.

Applications
USG should be used more often by the physicians in the intensive care unit for
the assessment of the diaphragm.

Terminology

USG: A technique using echoes of ultrasound pulses to delineate objects or
areas of different density in the body. Diaphragm: The principal muscle of
inspiration muscle that separates the chest (thoracic) cavity from the abdomen.
Mechanical ventilation: The technique through which gas is moved toward and
from the lungs through an external device connected directly to the patient.
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sonographic measurement of the diaphragm thickness in 64 ventilated patients.
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