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Abstract

Frequently, episodes of care such as preventive
clinic visits, acute care, medical procedures, and
hospitalization can be emotionally threatening and
psychologically traumatizing for pediatric patients.
Children are often subject to psychological trauma,
demonstrated by anxiety, aggression, anger, and similar
expressions of emotion, because they lack control of
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their environment. This sense of helplessness, coupled
with fear and pain can cause children to feel powerless
in healthcare settings. These emotional responses
can delay important medical treatment, take more
time to complete and can reduce patient satisfaction.
Healthcare professionals are uniquely positioned
to prevent healthcare-induced trauma and reduce
healthcare-induced anxiety. This article introduces a
new way to choice, agenda, resilience and emotion
(CARE) for pediatric patients in the healthcare setting
by implementing the four following treatment principles
called the care process: (1) Choices: Offer power in a
powerless environment; (2) Agenda: Let patients and
families know what to expect and what is expected of
them; (3) Resilience: Highlight strengths and reframe
negatives; and (4) Emotional support: Recognize and
normalize common fears and responses. Engaging
the CARE principles helps patients and families feel
empowered and mitigates, reduces, and may even
ameliorate risk of anxiety and trauma responses.

Key words: Inpatient; Ambulatory; Pediatric patient
compliance; Patient experience; Pediatrics; Anxiety;
Healthcare-induced trauma

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In an effort to reduce healthcare-induced
distress leading to anxiety, trauma, and trauma res-
ponses in pediatric patients, this author has developed
four principles in the choice, agenda, resilience and
emotion (CARE) process to deliver emotionally-safe
treatment to children: (1) Choices: Provide power in a
powerless environment; (2) Agenda: Letting the patient
and family know what to expect and what is expected of
them; (3) Resilience: Start with strengths and reframe
negatives; and (4) Emotions: Recognize and normalize
common fears and responses. Through the process of
implementing CARE, a child’s healthcare-induced distress
can be minimized.
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INTRODUCTION

Pediatric patients visit primary healthcare providers in
ambulatory settings an average 31 times from birth
to age 21 for general wellness visits'™. Additionally,
in 2012 alone, 5.9 million United States children
were hospitalized™, adding to the average number
of medical interactions. Annually, millions of children
further encounter ancillary medical caregivers, in-
cluding medical assistants, nursing staff, laboratory
and radiology technologists, occupational, speech,
and physical and mental health therapists. These
children can also be passive participants in sometimes-
stressful conversations with administrative professionals
regarding finances and insurance coverage. Most
concerning, up to 20% of the population reports feeling
“white coat syndrome” when coming into contact with
medical doctors™.

Children commonly report feeling afraid or an-
xious as they anticipate and engage in healthcare
settings with medical professionals*®. Due to their
developmental level and limited cognitive development,
children use behavior, instead of words, to communicate
the emotions they feel. Common behavioral demon-
strations of fear, anxiety, and helplessness include
aggression, withdrawal, lack of cooperation, and
regression'”’. Of note, psychological and behavioral
distress has been present regardless of the incidence of
invasive or painful healthcare”. This distress impedes
provider execution of medical protocols, thus requiring
more time in the treatment process.

Being that children are as emotive as they are
cognitive, during episodes of care, interactions with
medical providers can enhance anxiety or trauma, or
at worst, cause trauma®*?, It is important for medical
providers to learn to mitigate psychological trauma in
pediatric care. Left untreated, childhood trauma caused
by healthcare-induced anxiety can cause significant
mental health issues in a child’s life"***"], Trauma
predisposes children to various forms of psychopathology
including anxiety™, major depression*®!, and behavior
problems™, which can increase cost of care in the
future.

Current strategies for reducing anxiety and stress
in children include distraction™®, creating an inviting
physical environment!'”!, child and parental pre-
paration!®*® and positive staff interactions!'®!. Although
these aspects of pediatric patient care are important,
they are limited in scope to meet the emotional needs
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of a stressed child. In an effort to reduce healthcare-
induced distress leading to anxiety, trauma, and
trauma responses in children, this author developed
four principles in the choice, agenda, resilience and
emotion (CARE) process: (1) Choices: Provide power
in a powerless environment; (2) Agenda: Letting the
patient and family know what to expect and what is
expected of them; (3) Resilience: Start with strengths
and reframe negatives; and (4) Emotions: Reco-
gnize and normalize common fears and responses.
Through the process of implementing CARE, a child’
s healthcare-induced distress can be minimized.
This article will introduce a new way to CARE for the
psychosocial needs of pediatric patients across all
healthcare settings.

ANXIETY AND TRAUMA IN THE

HEALTHCARE SETTING

Throughout a child’s life, approximately 15% to
20% will encounter some form of relatively severe
trauma'*®?°!, Developmentally speaking, even
common events, including medical care'*, can lead
to heightened anxiety, and trigger trauma responses
in children®?*, Because children are bewildered in
an unknown medical environment, as caregivers
are taking over control of their bodies, they feel a
loss of autonomy and control. Further, unmet needs,
sense of danger, and lack of competence amplify
anxiety'”. Children fear mutilation, and suffer from
guilt, pain, rage, and similar manifestations specific
to their developmental level™>%?, Anxiety-provoking
experiences such as hospitalizations and medical care
can effect a child’s physical growth, personality, or
emotional development”®?¥, In some cases anxiety-
based trauma may prejudice the development of
behavioral, emotional, or cognitive disorders®®*”.,
Findings from longitudinal studies have delineated
three broad sets of factors that predict differential
risk in developing psychopathologies™!. The factors
noted include: (1) children who exhibit high degrees of
psychopathology before traumatic exposure; (2) level of
exposure and frequency of exposure to trauma®®; and
(3) social factors emerge as the strongest predictors of
risk among traumatized children™**?*!, Many children
who have been exposed to acute trauma have shown
relatively strong outcomes with socially-supportive
environments®’. Additional risk factors include children
with limited intellectual ability, female, younger age,
instability in family life, and intense exposure to
frightening events; children with these risk factors may
recover at a slower pace and may need professional
intervention®. Children, as well as their parents and
guardians, are psychologically unprepared for anxiety
and the resulting emotional strain from a medical crisis.

May 8, 2016 | Volume 5 | Issue 2 |



FACES OF HEALTHCARE-INDUCED
TRAUMA

Most people can relate to an experience in their lives
during which a healthcare visit or medical procedure
was upsetting and anxiety-provoking. Some may even
describe their experience as traumatizing. Distressing
scenarios might include vaccinations as a child, a
medical diagnosis with a poor prognosis, or perhaps
a diagnosis requiring surgery. This author recalls an
early childhood experience of undergoing anesthesia
for a peritonsillar abscess. Her fear of and fight against
needles prohibited a pre-op IV start and a mask was
placed over her nose and mouth. She gasped for air,
all the while pleading to the anesthesiologist she could
not breathe. Her fear was dismissed and minimized
when the anesthesiologist responded by telling her
“she was fine”. This author remembers feeling like
she was in danger because she felt as if she could not
breathe. She had no pre-surgical preparation for the
sudden fear and panic. Had she been told in advance
what it might feel like to have a mask placed over her
face, or to know it is a common feeling to gasp for
air as part of the anesthesia process, her fears and
therefore healthcare-induced trauma, would have been
prevented. Sadly, this is not an uncommon experience
for children in healthcare settings.

Another example is Amelia, an 18-mo old, fe-
male recovering from acute stress disorder due to
healthcare-induced trauma resulting from repeated
episodes of care in the Emergency Department (ED)
at a highly regarded Children’s Hospital for flu-like
symptoms causing severe dehydration leading to
listlessness. Each time she was taken to the ED by her
high-functioning parents, they were instructed to hold
her down for catheterization in order to obtain a urine
sample to rule out bacterial infection. Additionally,
she was held down for intravenous (IV) fluids tube
insertion, which was difficult to insert and took several
attempts to place. This process of catheterization
and IV attempts repeated itself several times as she
was evaluated by the physician in the ED, released,
evaluated again in the ED, admitted into the hospital,
discharged, and then re-admitted. This little girl
was scared, confused, and seemingly terrorized by
strangers (medical providers) and those she trusted
(parents). Each of these ED admissions took hours to
complete as the child lay helpless in defense to the
medical professionals that needed to triage and treat
her illness. The parents looked on with bewilderment,
doing their best to keep calm despite their daughter’s
condition.

Upon hearing the parent’s distress over the psy-
chological state of their child throughout the course
of hospitalization and discharge, a Child Life Specialist
provided the patient’s mother with this author’s
name and recommended that she follow-up for her
daughter’s post-hospitalization mental health care.
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At first they saw no reason to call, then after a few
weeks, the author saw the child at an office visit and
evaluated her. Behavioral issues, intense separation
anxiety, refusal to allow diaper changes without being
held down, and severe sleeping issues were noted on
the intake form as new or regressive behaviors. The
author went to work immediately with bi-weekly play
therapy appointments, giving the toddler control and
power in the playroom by inviting her to direct her
own play (non-directive play therapy®®®). The goal was
to invite some semblance of power in her life after the
medical care experience ripped away what she knew
of safety and security. After 16-sessions over 8-wk,
the child’s symptom’s completely resolved and she was
back to her usual self. To be clear, it took one month
before mental health intervention for the trauma to get
worse, and 2 mo of psychological treatment to resolve.

Medical providers must be aware of the impact
of these potential scenarios and act quickly and pro-
ficiently to ease the fear, anxiety and trauma for
pediatric patients in their care. The impact of fear
and anxiety relating to medical care can persist long
after the encounter and will influence coping in the
moment and management of future painful or anxiety
provoking medical experiences™").

COPING AND THE PEDIATRIC PATIENT

Research indicates there is a clear correlation between
healthcare, hospitalization and coping with anxiety
for children™>**38_ Children’s cognitive development
prohibits their capacity to define the parameters of an
event, specific to the duration or intensity®~%, They
are often inaccurate in their assessment of when an
event actually occurred™. Because of this, children
can be triggered into a trauma response by feeling that
they are experiencing more frequent or severe medical
care than actually occurred.

Trauma causes increased levels of catecholamines
(epinephrine and norepinephrine), which results in
increased sympathetic nervous system activity™*®. It
also decreases corticosteroids, and serotonin, which
results in the inability to moderate the catecholamine-
triggered fight or flight responses'”. In children, these
physiological responses commonly result in dissocia-
tive patterns such as a freeze or surrender response.
Children may surrender in helplessness, hide from the
frightening experience, cling to an attachment figure or
object, be unable to communicate their needs clearly,
or be overcome with disabling emotion™,

Coping in children and adults universally includes
three facets, none of which are one-dimensional:
(1) active vs avoidant; (2) internal vs external; and
(3) emotionally-focused vs problem-focused™®,
Researchers™! found that avoidant coping is used
more during the acute phase of healthcare or hos-
pitalization and active coping was used more often in
the recovery phase. By focusing children’s attention
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on a specific aspect of medical care, they feel better
equipped to recover faster than children who are
avoidant in their experience. This focus introduces
internal locus of control.

An internal locus of control refers to the belief that
events or outcomes come as a result of one’s own
choices and actions; an external locus of control is
described as less influenced by one’s own choices and
actions and more predisposed by outside influences'*”.
Choosing an internal locus of control correlates positively
with active coping approaches, such as seeking
information about the iliness or procedure and alertness
to stressful stimuli™****, In young children aged 0-2, the
internal locus of control is associated with attachment
of the primary caregiver and the child will rely upon
them for age-appropriate information and for physical
safety. An external locus of control has been shown to
be interrelated with avoidant coping strategies, such as
avoiding information about the event, denying worries,
and distancing one’s self from stressful stimuli***!,
This response is commonly displayed in children with
a disruptive or avoidant attachment pattern with their
primary caregiver.

As coping behaviors differ from child to child, the
role of a safe and empowering medical professional
is all the more important. If a child does not possess
a strong attachment to their primary caregiver, such
as a parent, medical personnel may need to step in
and offer the child additional assistance in identifying
their internal locus of control. Choices foster personal
power to children and can encourage a strong internal
locus of control. Those that deliver healthcare should
have awareness and training in how to treat children
appropriately based on style of coping in hopes of
decreasing levels of perceived trauma and healthcare-
induced anxiety.

A NEW WAY TO CARE

When asked, most patients and their family members
communicate the desire for respect, communica-
tion, appreciation, and confidence in the skill of
the caregiver. In an effort to meet patient needs
and increase patient satisfaction with hospital staff
interaction, Quint Studer of Studer Group™® deve-
loped 5 fundamentals of service to increase patient
satisfaction: (1) Acknowledge: Acknowledge the
patient by name. Make eye contact. Ask: “Is there
anything I can do for you?”; (2) Introduce: Introduce
yourself, your skill set, your professional certification,
and experience; (3) Duration: Give an accurate time
expectation for tests, physician arrival, and tray
delivery; (4) Explanation: Explain step by step what
will happen, answer questions, and leave a phone
number where you can be reached; and (5) Thank:
Thank the patient for choosing your hospital, and
for their communication and cooperation. Thank the
family for assistance and being there to support the
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patient.

Although these 5 steps may offer respect, com-
munication, appreciation and confidence in the skill
of the caregiver, it fails to address a very important
need in patients - emotional containment and support.
Current research and literature is limited regarding ways
to reduce healthcare-induced distress. Recognizing
the unique emotional and relational needs of pediatric
patients, this author developed a new way for medical
providers to CARE while interacting with pediatric
patients: Choices, agenda, resilience and emotional
support.

CARE: CHOICES

When children are brought into healthcare settings,
they often feel scared, are often in pain, and are
expected to adjust to new settings and submit to the
bewildering array of questions, exams, tests, and
treatments with little to no preparation. Their largest
fear is of the unknown*®, Therefore, it is crucial
medical professionals take time to explain to the child
the reason for the treatment in a developmentally-
appropriate manner. Children need as much control
and choice as possible!***?, If this informative step is
not accomplished, anxiety increases. When anxiety
increases, feelings of helplessness result. Helplessness
results in lack of cooperation*®. Furthermore, trust is
broken once the child feels anxiety-stricken. Patients
and their family members are empowered by choice.

The power-differential is clear and felt between
patient and provider. By simply providing develop-
mentally-appropriate choices, anxiety can be reduced
and emotional containment can be provided to a
patient. Power through choice-giving in a medical setting
can seem laborious to medical providers at first, but
rather simple to implement once there is a common
understanding of the goal. The goal is to empower
patients and their families in an effort to provide
psychological-control of the environment. Surely there
are circumstances requiring urgent or emergent care,
but overall, a few extra seconds of choice-giving in
the moment can go far to reduce perceived or actual
psychological trauma immediately and in the long-term
and improve patient cooperation'. Further, it sets up
expectations for future episodes of care.

Examples of medical professionals taking power
from patients include: Requiring the patient take off
their clothes and get up on the exam table; speaking
to the parent only, about the child, during the visit;
choosing the pace and flow of the exam; holding
children down for injections, venipuncture, intravenous
fluids starts, or examination; and, prohibiting the
patient to explore the room, instruments being used,
or to ask questions. Patients without power are
immediately vulnerable to increased anxiety and can
even be triggered into a trauma response. Healthcare
providers must be cognizant of their power to
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potentially cause the medical care process to become
a traumatic event for patients, regardless of their age
or developmental stage.

The goal of healthcare providers should be to
empower patients in their medical care experiences.
Providing an empowering environment significantly
decreases a patient’s risk for healthcare-induced trau-
ma and other undesirable psychological effects of
treatment. Examples of medical professionals offering
power to a pediatric patient are as follows: Asking the
patient where they would like the medical provider
to start the exam (e.g., “Would you like me to listen
to your heart first or look in your ears first?”); Asking
the patient which ear they would like to be examined
first (e.g., “Would you like me to look into your left ear
or right ear first?”); Letting the patient decide which
arm is used to measure blood pressure (e.g., “You
get to decide. Should I squeeze your left arm or your
right arm to measure how fast your blood is pumping
through your body?”); Proving small choices about
seemingly insignificant matters, such as having socks
on or off (e.g., “You can leave your socks on or off for
today’s exam. Which do you choose?”); and finally,
instilling power by normalizing that a patient may
have questions they wish to be answered (e.g., “What
questions do you have today?”) Each of these word-
choice examples provides context of how a small shift
in language can foster empowerment to a patient in a
medical provider’s care.

Genital exams can be a potentially trauma-
provoking experience for a child -especially in children
with a prior sexual trauma. One in five girls and one
in twenty boys is a victim of child sexual abuse®™".
Communicating openly and offering choices to the
patient will go far to create an environment of safety
and empowerment. Speaking directly to the patient,
providing the reason for the genital exam, what is
being assessed, and how it may help will let the
patient know exactly what to expect. If there are
several family members present, ask patients whom
they would like in the room. Wait for permission
to begin the examination. If necessary, ask for per-
mission to touch the child’s genitals, explaining that
it's safe because a parent is present. For example
during a well-child exam say, “Today I need to check
your private area to make sure it is growing the way it
should. T will just take a quick look and I might need
to feel different places on it to make sure everything is
okay. Who would you like to be in the room during the
exam? It's okay to ask your brother or dad to leave.
You get to decide... With your mom right here, can I
begin?”.

The result is empowerment and emotional safety
for a child, in a potentially traumatizing situation.
The physician can set up an environment of trust
and safety that will serve as a foundation to medical
care for the rest of the patient’s life. If a physician is
forceful, uses parents to hold a child down, dismisses
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the child’s fear or fight response-verbally or physically-
without validating the emotions, assumes permission
to examine the patient’s genitals, or fails to give the
child power of who was present in the room for the
examination, there may be a different outcome.
Choices communicate power and care.

CARE: AGENDA

Fear and anxiety can increase when patients are
unsure or unprepared for what is going to happen
in an episode of care. Trauma is a normal response
to fear, especially in pediatric patients. In an effort
to mitigate trauma responses, providers can provide
their agenda to patients and their families. The agenda
includes what to expect during the healthcare visit and
what is expected of them. Introducing detail makes
the unpredictable, predictable - and fear dissipates.
The benefits are clear. When patients know what to
expect and what is expected of them, they feel more
in control of the situation and are therefore less fearful,
anxious, and less likely to have trauma responses.

In outpatient settings, a physician may choose to
set the agenda in the following manner for a well-child
exam: “In our time together today we have 20 min...;
I'm going to talk to you (child) and then talk to your
dad...; Then I'm going to listen to your heart, and take
a look inside your ears, nose and mouth...; After I take
a look at everything, we will discuss other choices that
need to be made today, such as vaccines...; And then,
you will get to choose a sticker on the way out!”

Hospital providers have additional stressors, such
as urgent and emergent medical conditions to treat
and manage. With these considerations in mind, the fol-
lowing recommendations should help communication
with children and their families in inpatient settings: ™I'm
going to track how you are breathing and how fast
your blood is pumping through your body-the process
is called getting vital signs’; ‘Then I'm going to ask you
and your mom a lot of questions to get to know you’;
‘Things move quickly around here. Then suddenly they
stop. It could feel frustrating to wait’; *You may have to
wait a while for the doctor to come in’; ‘I will ask you to
change your clothes’; ‘I will hook you up to a machine
that tracks your breathing-it makes beeping sounds,
that’s normal’; 'If the doctor wants to see what’s going
on inside of your body, I might take a sample of your
blood and it pinches a bit’. 'We might go to a special
room that doesn’t have many lights and take pictures of
your body. It's called an X-ray and it's important to stay
really still for the pictures™.

Setting the agenda and making expectations
clear to the patient and their families is a vital
part of preventing healthcare-induced anxiety and
trauma responses. Each of the above statements of
explanation and expectation can act as a preventive
measure to create emotional and psychological safety
for pediatric patients and their families. By adding a
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few moments of explanation, healthcare providers
can aid in establishing rapport and trust that will last
throughout a child’s lifetime of engaging with medical
professionals. Further, a few moments of explanation
on the front end will save time in the long run.

CARE: RESILIENCE

Identifying a patient’s resilience, or strengths, is
a powerful marker of establishing a trust-filled
relationship. Beginning a healthcare visit with a pa-
tient’s strengths and identifying how a patient and
their family have managed other struggles in their life
immediately fosters rapport and trust. For example:
“What was helpful when you sought out help for this
previously?” or "What else should I know about you in
order to best understand your situation and help you
today?” "That seems really important to you - tell me
more about it".

During an evaluation process, by starting with
a patient’s strengths, a medical professional also
communicates to the patient that even if there are
concerns, the provider wants to hear about what is
good. This may be the only time in the day a child hears
about their positive qualities. Further, by asking a parent
to identify their child's strengths with the child present,
it aids to strengthen the parent-child relationship. A note
of caution, if a child is present in an office visit, which
they almost always are, providers should limit negative
talk about the child. For example, night enuresis is a
shame-filled topic for many school-aged children and
can be exacerbated by critical evaluation with a medical
provider. Further, behavioral issues, including attention
deficit hyperactivity disorder symptoms, can equally be
shame-inducing topics for children.

A practical way of addressing the issue of concerns
and problems is instead of asking, “What are your
concerns and what problems do you have?” ask, "“What
would you like to be different?” There is a therapeutic
and psychological difference in the way this question
sounds to and is internalized by a child. Examples
to empower patients by identifying strengths are as
follows: ™Tell me what’s going really well in your life
right now..." ‘What are you the most proud of in your
child?’ *‘What is the best thing in your life?’ *‘What are
you really, really good at?’ ‘What is the best thing
about being (child’s) parent?™

Each of these examples are a quick re-frame of
common and necessary questions around problems
and concerns that healthcare providers ask children
and their caregivers. By starting with strengths and
re-framing negative talk around the child a healthcare
provider continues to make actionable principles
to decrease anxiety and trauma responses in the
healthcare setting, regardless of what brings the child
in for medical treatment. Focusing on resilience and
strengths communicates great respect to a patient and
family members.
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CARE: EMOTIONS

It is common and expected for pediatric patients and
their families to experience myriad emotions with
each healthcare encounter. Medical professionals serve
their pediatric patients well by making a concerted
effort to normalize common emotions, including fears.
By creating freedom for patients to experience and
convey emotions, the healthcare provider commu-
nicates the patient’s emotions are valuable, worth
listening to, and creates opportunity for deeper con-
nection in the patient-provider relationship. When
patients feel understood and validated, they feel safe -
mental health professionals call this relational process
attunement. Patients want to know everyone feels
afraid sometimes. Reflect emotions when they are
observed clearly. Express wonder about emotions that
are unclear.

Practically speaking, the following, said in a soft
and comforting tone of voice, depicts reflecting and
normalizing emotions in the healthcare setting:
“'Sometimes I feel nervous when I meet new people
too’; ‘It's okay to feel scared or nervous’; ‘It looks like
you feel worried’; ‘I wonder if you are feeling afraid or
unsure’; ‘There’s a lot of sounds here - that can feel
overwhelming’; ‘You look suspicious - it's okay to ask
me any questions you may have”.

The effort to emotionally attune with patients
bolsters their trust in their medical provider, creates
safety in the unknown environment, and decreases
acute anxiety and healthcare-induced trauma. This
is not always a natural skill and it takes practice to
reflect emotion accurately and curiously; however,
the benefits are well worth the effort as it aids in
the patient-provider relationship for the long-term,
including increase in patient-experience, which is
important to all medical providers and health systems.

CULTURAL CONSIDERATIONS OF CARE

As medical providers serve a variety of people from
numerous cultures and ethnicities, it is important to
address clinical considerations impacting the CARE
protocol as it pertains to diversity awareness. Begin by
identifying the cultural background of the patient. From
there, what is known about the culture, ethnicity, and
preferences of the patient? With all multicultural issues,
medical providers must begin medical relationships
with a respectful curiosity and an intentional invitation
to understand differences and similarities. Of note,
some cultures desire a lot of interaction with their
providers, others do not. Among other things, some
patients with differing race or cultural experiences from
the provider may prefer that the provider assume a
power position in regard to decision-making and avoid
collaboration about process and course of treatment.
Ask patients what needs to be known about their
values surrounding healthcare.
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sent differently in varying cultures. Some cultures
celebrate emotional awareness and attunement; and
equally, some cultures shun emotional awareness
and attunement. It is important to recognize these
values in one’s patient population and to be cautious
in implementing protocols and interventions that
could cause more emotional distress to a patient.
When in doubt, ask the patient. Patients and their
family members are often more than happy to provide
context and information surrounding their values and
definition of excellent medical care.

CONCLUSION

Pediatric patients require an extra level of care in their
healthcare process. They require added patience,
flexibility, and containment for their ever-changing
emotions. Their primary need is to know they are safe
and to be given age-appropriate and developmentally-
appropriate information in order to combat heightened
anxiety levels and trauma responses, which can hinder
the delivery of quality healthcare and create harmful
long-term psychological effects. Healthcare providers
have a valuable opportunity to control the negative
outcome of pediatric stress in the medical setting, no
matter their function in a child’s episode of care. By
utilizing the four principles in the CARE protocol: (1)
Choices: Provide power in a powerless environment;
(2) Agenda: Letting the patient and family know
what to expect and what is expected of them; (3)
Resilience: Start with strengths and reframe negatives;
and (4) Emotions: Recognize and normalize common
fears and responses providing emotional support,
children will feel emotionally safe and protected in their
medical treatment.

Understanding the risk of anxiety and trauma in
pediatric patients with regard to receiving medical care
is imperative to effective outcomes. Although universal
application can be made to patients throughout the
lifespan, the mission of CARE is to provide a voice
to the world’s most vulnerable, powerless, and
disregarded population in medical care-children. The
CARE protocol was developed to foster trust in medical
care providers and to mitigate the risk of anxiety and
trauma in pediatric patients while receiving necessary
and pertinent medical care. Most patients remember
how they feel about an episode of care, not what was
said or done. CARE enough to allow pediatric patients
to feel empowered and safe in their healthcare
experience.

REFERENCES

1 American Academy of Pediatrics. Recommendations for pre-
ventive pediatric health care. Pediatrics 2011; 120 [DOI: 10.1542/
peds.2007-2901]

2 Weiss AJ, Elixhauser A. Overview of Hospital Stays in the United
States, 2012. HCUP Statistical Brief #180. October 2014. Agency
for Healthcare Research and Quality, Rockville, MD. [accessed

Roishidenge ~ WJCP' | www.wjgnet.com

149

10

11

12

13

14

15

18

19

20

Lerwick JL. Healthcare-induced anxiety and trauma

2015 Jun 23]. Available from: URL: http://hcup-us.ahrq.gov/reports/
statbriefs/sb180-Hospitalizations-United-States-2012.pdf

Sine R. Beyond ‘White Coat Syndrome” Fear of doctors and tests
can hinder preventive health care, 2008. [accessed 2015 Jun 23].
Available from: URL: http://www.webmd.com/anxiety-panic/
features/beyond-white-coat-syndrome

Lerwick JL. The impact of child-centered play therapy on anxiety
levels in pre-neurosurgical pediatric patients. Doctoral dissertation
2011. Corvallis, OR: Oregon State University. [accessed 2015 Jun
23]. Available from: URL: https://ir.library.oregonstate.edu/xmlui/
bitstream/handle/1957/25410/LerwickJulieL2012.pdf

Lerwick JL. Psychosocial implications of pediatric surgical
hospitalization. Semin Pediatr Surg 2013; 22: 129-133 [PMID:
23870205 DOI: 10.1053/j.sempedsurg.2013.04.003]

Smith ML. Interventions to minimize distress during pediatric
primary care visits: A systematic literature review. All student
publications, 2013. Paper 4. [accessed 2015 Jun 23]. Available from:
URL: http://scholarsarchive.byu.edu/cgi/viewcontent.cgi?article=10
03&context=studentpub

Rodriguez CM, Clough V, Gowda AS, Tucker MC. Multimethod
assessment of children’s distress during noninvasive outpatient
medical procedures: child and parent attitudes and factors. J Pediatr
Psychol 2012; 37: 557-566 [PMID: 22427698 DOI: 10.1093/jpepsy/
j8s005]

Adams MA. A hospital play program: helping children with serious
illness. Am J Orthopsychiatry 1976; 46: 416-424 [PMID: 941987
DOI: 10.1111/1.1939-0025.1976.tb00941.x]

Alger I, Linn S, Beardslee W. Puppetry as a therapeutic tool for
hospitalized children. Hosp Community Psychiatry 1985; 36:
129-130 [PMID: 3972340 DOI: 10.1176/ps.36.2.129]

Clatworthy S. Therapeutic play: effects on hospitalized children.
Child Health Care 1981;9: 108-113 [PMID: 10251119]

Cooper S, Blitz J. A therapeutic play group for hospitalized children
with cancer. J Psychosoc Oncol 1985; 3: 23-37 [DOI: 10.1300/
J077v03n02_03]

Golden B. Play therapy for hospitalized children. In: Schaefer CD, O’
Connor JK, editors. Handbook of play therapy. New York, NY: John
Wiley and Sons, 1983: 213-233

Brown J, Cohen P, Johnson JG, Smailes EM. Childhood abuse
and neglect: specificity of effects on adolescent and young adult
depression and suicidality. J Am Acad Child Adolesc Psychiatry
1999; 38: 1490-1496 [PMID: 10596248 DOI: 10.1097/00004583-19
9912000-00009]

Shaw JA, Applegate B, Tanner S, Perez D, Rothe E, Campo-Bowen
AE, Lahey BL. Psychological effects of Hurricane Andrew on an
elementary school population. J Am Acad Child Adolesc Psychiatry
1995; 34: 1185-1192 [PMID: 7559313 DOI: 10.1097/00004583-199
509000-00016]

Yule W, Bolton D, Udwin O, Boyle S, O’Ryan D, Nurrish J.
The long-term psychological effects of a disaster experienced
in adolescence: I: The incidence and course of PTSD. J Child
Psychol Psychiatry 2000; 41: 503-511 [PMID: 10836680 DOI:
10.1111/1469-7610.00635]

Plumridge E, Goodyear-Smith F, Ross J. Nurse and parent
partnership during children’s vaccinations: a conversation analysis.
J Adv Nurs 2009; 65: 1187-1194 [PMID: 19432597 DOI: 10.1111/
j-1365-2648.2009.04999.x]

Rice G, Ingram J, Mizan J. Enhancing a primary care environment: a
case study of effects on patients and staff in a single general practice.
Br J Gen Pract 2008; 58: 465-470 [PMID: 18611307 DOI: 10.3399/
bjgp08X319422]

Perry JN, Hooper VD, Masiongale J. Reduction of preoperative
anxiety in pediatric surgery patients using age-appropriate teaching
interventions. J Perianesth Nurs 2012; 27: 69-81 [PMID: 22443919
DOI: 10.1016/j.jopan.2012.01.003]

Breslau N. Psychiatric morbidity in adult survivors of childhood
trauma. Semin Clin Neuropsychiatry 2002; 7: 80-88 [PMID:
11953931 DOI: 10.1053/scnp.2002.31780]

Brown GW. Measurement and the epidemiology of childhood
trauma. Semin Clin Neuropsychiatry 2002; 7: 66-79 [PMID:

May 8, 2016 | Volume 5 | Issue 2 |



21

22

23

24

25
26

27

28

29

30

31

32

33

34

35

JRaishideng®

Lerwick JL. Healthcare-induced anxiety and trauma

11953930 DOI: 10.1053/scnp.2002.31775]

Fergusson DM, Lynskey MT, Horwood LJ. Childhood sexual
abuse and psychiatric disorder in young adulthood: I. Prevalence of
sexual abuse and factors associated with sexual abuse. J Am Acad
Child Adolesc Psychiatry 1996; 35: 1355-1364 [PMID: 8885590
DOI: 10.1097/00004583-199610000-00023]

Johnson JG, Cohen P, Kasen S, Smailes E, Brook JS. Association
of maladaptive parental behavior with psychiatric disorder among
parents and their offspring. Arch Gen Psychiatry 2001; 58: 453-460
[PMID: 11343524 DOI: 10.1001/archpsyc.58.5.453]

Lynskey MT, Fergusson DM. Factors protecting against the
development of adjustment difficulties in young adults exposed to
childhood sexual abuse. Child Abuse Negl 1997; 21: 1177-1190
[PMID: 9429770 DOI: 10.1016/S0145-2134(97)00093-8]

Pine DS, Cohen JA. Trauma in children and adolescents: risk and
treatment of psychiatric sequelae. Biol Psychiatry 2002; 51: 519-531
[PMID: 11950454 DOI: 10.1016/S0006-3223(01)01352-X]
Erikson E. Childhood and society. New York, NY: Norton, 1963
Gillis HM. Individual and small-group psychotherapy for children
involved in trauma and disaster. In: Saylor CF, editor. Children and
disaster. New York: Plenum, 1993: 165-186

McMahon RJ, Peters RD, editors. Childhood disorders: Behavioral
development approaches. New York: Brunner/Mazel, 1985

Pynoos RS, Steinberg AM, Piacentini JC. A developmental
psychopathology model of childhood traumatic stress and intersection
with anxiety disorders. Biol Psychiatry 1999; 46: 1542-1554 [PMID:
10599482 DOI: 10.1016/S0006-3223(99)00262-0]

Pine DS. Developmental psychobiology and response to th-
reats: relevance to trauma in children and adolescents. Biol
Psychiatry 2003; 53: 796-808 [PMID: 12725972 DOI: 10.1016/
S0006-3223(03)00112-4]

Landreth G. Play therapy: The art of the relationship. 2nd ed. New
York, NY: Brunner-Routledge, 2002

Chen E, Craske MG, Katz ER, Schwartz E, Zeltzer LK. Pain-
sensitive temperament: does it predict procedural distress and
response to psychological treatment among children with cancer?
J Pediatr Psychol 2000; 25: 269-278 [PMID: 10814693 DOI:
10.1093/jpepsy/25.4.269]

Foley YC, Higdon L, White JF. A qualitative study of filial therapy:
Parents’ voices. Intl J Play Therapy 2006; 15: 37-64 [DOI: 10.1037/
h0088907]

Knox JE, Hayes VE. Hospitalization of a chronically ill child:
a stressful time for parents. Issues Compr Pediatr Nurs 1983; 6:
217-226 [PMID: 6558060 DOL: 10.3109/01460868309040499]
LaMontagne LL, Hepworth JT, Cohen F. Effects of surgery type
and attention focus on children’s coping. Nurs Res 2000; 49: 245-252
[PMID: 11009119 DOI: 10.1097/00006199-200009000-00003]

Li HC, Lopez V. Effectiveness and appropriateness of therapeutic
play intervention in preparing children for surgery: a randomized
controlled trial study. J Spec Pediatr Nurs 2008; 13: 63-73 [PMID:

WJCP | www.wjgnet.com

150

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

18366374 DOI: 10.1111/j.1744-6155.2008.00138.x]

Peterson L. Coping by children undergoing stressful medical
procedures: some conceptual, methodological, and therapeutic
issues. J Consult Clin Psychol 1989; 57: 380-387 [PMID: 2661610
DOI: 10.1037/0022-006X.57.3.380]

Tiedeman ME, Clatworthy S. Anxiety responses of 5- to 11-year-
old children during and after hospitalization. J Pediatr Nurs 1990; 5:
334-343 [PMID: 2213477]

Vogel JM, Vernberg EM. Children’s psychological responses to
disaster. J Clin Child Adolescent Psych 1993; 22: 470-484 [DOI:
10.1207/s15374424jccp2204 7]

McMurtry CM, Noel M, Chambers CT, McGrath PJ. Children’s fear
during procedural pain: preliminary investigation of the Children’s Fear
Scale. Health Psychol 2011; 30: 780-788 [PMID: 21806301 DOI:
10.1037/a0024817]

van der Kolk BA. The psychobiology of posttraumatic stress
disorder. J Clin Psychiatry 1997; 58 Suppl 9: 16-24 [PMID:
9329447]

LaMontagne LL, Hepworth JT, Johnson BD, Cohen F. Children’s
preoperative coping and its effects on postoperative anxiety and return
to normal activity. Nurs Res 1996; 45: 141-147 [PMID: 8637794 DOLI:
10.1097/00006199-199605000-00004]

LaMontagne LL. Bolstering personal control in child patients
through coping interventions. Pediatr Nurs 1993; 19: 235-237
[PMID: 8511003]

Lamontagne LL. Children’s locus of control beliefs as predictors of
preoperative coping behavior. Nurs Res 1984; 33: 76-79, 85 [PMID:
6560426 DOI: 10.1097/00006199-198403000-00004]

LaMontagne LL. Children’s preoperative coping: replication and
extension. Nurs Res 1987; 36: 163-167 [PMID: 3646616 DOI:
10.1097/00006199-198705000-00011]

Rothbaum F, Wolfer J, Visintainer M. Coping behavior and locus of
control in children. J Personality 1979; 47: 118-135 [DOI: 10.1111/
j-1467-6494.1979.tb00618 .x]

Studer Group. Hardwired Results. [accessed 2015 Jun 23].
Auvailable from: URL: https://www.studergroup.com

De Pasquale S. Serious play. Johns Hopkins Magazine, 1999.
[accessed 2015 Jun 23]. Available from: URL: http://www.jhu.edu
Eland J, Anderson J. The experience of pain in children. In: Jacox
A, editor. Pain: A source book for nurses and other professionals.
Boston, MA: Little, Brown, 1977: 453-473

Doverty N. Therapeutic use of play in hospital. Br J Nurs 1992; 1:
77,79-81 [PMID: 1617264]

Ellerton ML, Merriam C. Preparing children and families psycho-
logically for day surgery: an evaluation. J Adv Nurs 1994; 19: 1057-1062
[PMID: 7930085 DOI: 10.1111/j.1365-2648.1994.tb01188 x]

National Center for Victims of Crime. Child sexual abuse
statistics. [accessed 2015 Jun 23]. Available from: URL: http:/www.
victimsofcrime.org/media/reporting-on-child-sexual-abuse/child-
sexual-abuse-statistics

P- Reviewer: Inserra A, Wang R~ S- Editor: Gong XM
L- Editor: A E- Editor: Wang CH

May 8,2016 | Volume 5 | Issue2 |



J C

World Journal of
Clinical Pediatrics

Submit a Manuscript: http:/ /www.wjgnet.com/esps/
Help Desk: http:/ /www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.5409/ wijcp.v5.i2.151

World ] Clin Pediatr 2016 May 8; 5(2): 151-158
ISSN 2219-2808 (online)
© 2016 Baishideng Publishing Group Inc. All rights reserved.

REVIEW

Resuscitation of extremely preterm infants - controversies

and current evidence

Pooja N Patel, Jayanta Banerjee, Sunit V Godambe

Pooja N Patel, Jayanta Banerjee, Sunit V Godambe, Depart-
ment of Neonatology, Imperial College Healthcare NHS Trust,
London W12 OHY, United Kingdom

Author contributions: All authors have conceived the project.

Conflict-of-interest statement: The authors declare no conflicts
of interest regarding this manuscript.

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on
different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Correspondence to: Dr. Sunit V Godambe, Consultant
Neonatologist, Department of Neonatology, Imperial College
Healthcare NHS Trust, Du Cane Road, Ham House, 50 Floor,
London W12 OHY,

United Kingdom. sunit.godambe@imperial.nhs.uk

Telephone: +44-203-33133270

Fax: +44-203-33131122

Received: July 16, 2015
Peer-review started: July 16, 2015
First decision: September 19, 2015
Revised: November 24, 2015
Accepted: January 16, 2016
Article in press: January 19, 2016
Published online: May 8, 2016

Abstract

Despite significant advances in perinatal medicine,
the management of extremely preterm infants in
the delivery room remains a challenge. There is an
increasing evidence for improved outcomes regarding
the resuscitation and stabilisation of extremely preterm

Roishidenge ~ WJCP' | www.wjgnet.com

151

infants but there is a lack of evidence in the periviable
(gestational age 23-25 wk) preterm subgroup. Presence
of an experienced team during the delivery of extre-
mely preterm infant to improve outcome is reviewed.
Adaptation from foetal to neonatal cardiorespiratory
haemodynamics is dependent on establishing an
optimal functional residual capacity in the extremely
preterm infants, thus enabling adequate gas exchange.
There is sufficient evidence for a gentle approach to
stabilisation of these fragile infants in the delivery
room. Evidence for antenatal steroids especially in the
periviable infants, delayed cord clamping, strategies
to establish optimal functional residual capacity,
importance of temperature control and oxygenation
in delivery room in extremely premature infants is
reviewed in this article.

Key words: Extremely preterm infants; Resuscitation;
Antenatal steroids; Delayed cord clamping; Ventilator
support; Oxygenation in delivery room; Temperature
stability
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Core tip: Management of extremely preterm resus-
citation is one of the most challenging aspects of
perinatal medicine. There is increasing evidence towards
a trend for a more gentle measure of resuscitation to
avoid injury both immediate and long term. In this
article, we review the evolving strategies to aid the
complex process of adaption to extra uterine life for
extreme preterm infants.
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INTRODUCTION

The physiological adaptation to extra uterine life
for a preterm neonate involves a series of complex
processes, it is more pronounced in extremely preterm
gestation (gestational age less than 27 wk)™. Aerating
the fluid filled lung and thereby attaining an adequate
functional residual capacity, ability to perform gas
exchange and switching to an oxygen enriched me-
tabolism, establishing adult type circulation with
stable haemodynamics along with maintaining body
temperature are some of the key processes that occur
within the first few minutes of life in any new-born'?.
Furthermore, in the extremely preterm infants there
is an overriding need for intervention to enable them
to adapt to the above processes. Periviable infants
are fragile and have many features that increase the
difficulty of stabilisation immediately after birth.

Experimental and clinical studies done in past few
decades related to resuscitation of preterm infants have
shown that interventions by trained personnel during
this critical period can not only improve immediate
survival but also reduce long term morbidity™*.
There is also growing evidence that some of these
interventions can also trigger inflammatory and
oxidative cascades injuring the organs, predisposing to
long-term conditions™. This evidence have supported
in developing a trend towards gentle management
in delivery room in the first “golden hour”™. Data for
stabilisation and resuscitation of periviable neonate
is still limited. The aim of this article is to review the
evolving approaches in resuscitation of extremely
preterm infants. We searched PubMed, EMBASE,
and the Cochrane Central Register of Controlled
Trials and performed a manual search of references
in narrative and systematic reviews. Search terms
included “neonate”, “newborn”, “resuscitation”, “delayed
cord clamping”, “antenatal steroids”, “resuscitation
of extremely preterm”, “continuous positive airway
pressure”, and “sustained inflation”.

DISCUSSION

Having an experienced neonatal resuscitation team
during delivery, for appropriate stabilisation and
resuscitation, improve outcome!®®). Multiple studies
have demonstrated improved outcomes for very low
birth weight babies born in tertiary care centres vs out
born infants'®®!. The combined risk of death and major
morbidities such as neuro-disability at 36 wk, chronic
lung disease and hospital stay in extremely low birth
weight (500-999 g) infants born in tertiary maternity
hospitals as compared to non-tertiary centres has
recently been reported (OR = 3.86; 95%CI: 2.21-6.76)
in a large cohort by Binder et a/®’.

Antenatal steroids
Antenatal corticosteroids have been proven to acce-
lerate foetal lung development and reduce neonatal
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morbidity and mortality when given between 28 and
34 wk of gestation'®. However, there is only limited
research to guide their use in the peri-viable period
(22-26 wk gestational age). To date, there have
been 6 prospective and retrospective cohort studies
evaluating ante-natal corticosteroids use in the
periviable period (Table 1); these studies have used
the same dosing schedule of betamethasone as the
antenatal steroid.

Majority of these studies exhibited OR for neona-
tal death of 0.6 with antenatal steroid treatment,
which is the same relative benefit demonstrated for
corticosteroid use in later gestation. Amongst infants
born at < 26 wk of gestational age, 7-9 mothers need
to receive antenatal steroids to prevent 1 neonatal
death. In this group of infants use of antenatal steroids
have also been shown to reduce the incidence of intra-
ventricular haemorrhage (IVH) as an outcome. Tyson
et al™ have looked at the follow-up of periviable
infants exposed to antenatal corticosteroids compared
to those not treated with steroids. They demonstrated
that when evaluated at 18-22 mo, the infants that
delivered between 22 and 25 wk of gestation continued
to demonstrate a reduction in mortality (OR = 0.55;
95%CI: 0.45-0.66). One must remain cautious while
making decisions based on cohort studies, which have
the potential for unintended bias. While further studies
such as randomised clinical trials would be beneficial,
the current available evidence strongly suggest that
antenatal corticosteroids have value when given in the
periviable period and should be offered when clinically
appropriate. This benefit is clear from 23 wk onwards
as seen by the above studies. It is less certain whether
they should be utilized at 22 wk or less due to lack to
data in this gestation. Because of the uncertainty in
gestational age prediction, it is suggested that they
should be used at this gestational age if preterm birth
appears to be imminent.

Delivery room resuscitation

Delayed umbilical cord clamping: Delaying
umbilical cord clamping in term infants is generally
considered to be beneficial™®. The evidence for
benefit of delayed cord clamping in preterm in-
fants is not clear. Maintaining blood supply to heart
while pulmonary vascular system gets replenished
contributes to keeping an adequate left ventricular
output, thereby avoiding reduced blood flow to the
brain, coronary arteries, kidneys and rest of the
body!*”.. A systematic review by Rabe et al*® reviewed
15 studies on delayed cord clamping in preterm
infants. They concluded that providing additional
placental blood to the preterm infants by delaying cord
clamping for 30 to 120 s, rather than early clamping,
seems to be associated with less need for transfusion,
better circulatory stability, less IVH (all grades) and
lower risk for necrotising enterocolitis (NEC). However
primary outcomes of death as well as death or neuro-
disability at 2-3 years were inconclusive. The optimal
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Table 1 Studies reporting the outcomes of antenatal steroid use in periviable births

Ref. Year published Country of origin No. of babies Birth weight Gestational age Mortality IVH

(g) (GA) OR (95%CI) OR (95%ClI)
Costeloe et al™” 2000 United Kingdom 811 400-1000 <26 wk 0.6 (0.34-0.89) 0.39 (0.2-1.0)
Tyson et al"" 2008 United States 4446 400-900 <26 wk 0.6 (0.23-0.78) -
Hayes et al'™ 2008 United States 450 400-550 <23 wk 0.3 (0.2-0.65) -
Mori et al™ 2011 Japan 11607 400-1000 <26 wk 0.7 (0.44-1.24) 0.65 (0.21-1.68)
Bader et al™ 2010 Israel 3450 400-1000 <26 wk 0.6 (0.4-0.68) -
Carlo et al™ 2011 United States 10541 400-1000 2225 wk 0.58 (0.52-0.65) 0.55 (0.50-0.62)

OR: Odds ratio; IVH: Intra-ventricular haemorrhage.

time to clamp the umbilical cord remains controversial.
In all the studies, early clamping was defined as less
than 15 s, the definition of late clamping was varied
from more than 30 s to 3 min. There are several
small randomized control trials that have compared
early (< 15 s) with late clamping (> 30 s) following
preterm birth and there are several prospective
observational studies™®?3. However, there is limited
data in periviable or non-vigorous preterm infants
demonstrating improved mortality and morbidity
following delayed umbilical cord clamping. A recent
experimental study in lamb model demonstrated
the effects of early vs delayed cord clamping on
transitional haemodynamics'®!. They reported that
delayed cord clamping after initiation of positive
pressure ventilation and establishment of functional
residual capacity markedly improved cardiovascular
function by increasing the pulmonary blood flow and
stabilising the cerebral haemodynamics transition.

Although experimental studies support delayed
cord clamping having a positive effect on the preterm,
the setup needed to practically perform resuscitation
manoeuvres with an intact cord still remains an
impediment. There is lack of evidence for delayed
cord clamping in a preterm who is moderately
depressed. An alternative to this of cord milking has
been suggested as a more rapid method to influence
placental transfusion!'*****), This technique requires
clamping the cord near the placenta and stripping
around 20 centimetres, 2-4 times, from placental to
foetal side. This can be performed within a few seconds.
There have been five randomised control trials have
been performed in preterm infants, but only with small
number of preterm infants®*?®, Rabe et af**, Hosono
et al*® and March et al*® have looked at need for the
blood transfusions and the number in preterm babies,
while Takami et a**”! and Katheria et af*®! have looked
at haemodynamics following milking of cords. Further
larger studies are needed for this procedure. There are
some concerns that milking might not replicate the
haemodynamic benefits of delayed cord clamping™.
Retrospective studies have shown Haemoglobin levels
at birth of > 12 g/dL results in reduced mortality and
improved morbidity in preterm infants < 32 wk of
gestational age®**",

Several trials are currently on-going for both
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delayed cord clamping in preterm infants as well as
for milking of cord as an alternative™*’!, A recent
multicentre feasibility study of delayed cord clamping
in preterm infants less than 32 wk gestation in
United Kingdom (United Kingdom CORD trial) has
compared early < 20 s to delayed cord clamping for
at least 2 min. The study has been concluded and
the results are awaited™. A large randomised trial is
currently been undertaken in Australia which is nearing
completion of recruitment®. The CORD trial will
contribute to an international collaborative individual
patient meta-analysis of similar trials of enhanced
placental transfusion, including the Australian Placental
Transfusion trial. Altogether, these trials will enrol
2000-5000 very preterm infants, which are expected
to improve our current understanding and evidence of
delayed cord clamping in these infants and its impact
on survival and neurodevelopment in childhood.

Stabilising temperature of preterm infants:
Preterm infants lack adequate brown adipose tissue
and therefore cannot activate thermogenesis. They
quickly lose heat in the delivery room by evaporation
of amniotic fluid, by conduction of heat from the body
touching cool surfaces, by convection and radiation
to cooler surroundings. They are highly susceptible
to hypothermia unless preventive efforts are made.
A study has shown that for every 1°C below 36 C
on admission temperature, mortality increases by
28%"Y, Increasing the ambient temperature of
delivery room to at least 26 C before the delivery
is an important intervention®!, Both hypothermia
and hyperthermia during stabilisation can be detri-
mental®. All extremely preterm infants should be
brought in the resuscitaire under radiant heat and
wrapped in polyethylene or polyurethane bags or
wrap, up to their shoulders without drying™’**, This
reduces heat loss and maintains adequate humidity.
All subsequent stabilisation and assessment should
be done through the plastic bag. Multiple studies
have shown that plastic bags improve temperature
upon admission®**” but there are no studies po-
wered for clinical outcomes like death and long term
neurodevelopmental outcome™’!. Preterm infants
can be placed on a chemically activated thermal
mattress in combination™!), The head should be
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Table 2 Overview of the results of the studies comparing continuous positive airway pressure and invasive ventilation

Ref. Total number Gestational Death or BPD Death or BPD Death or BPD Days needing Days needing Days needing
age (GA) in CPAP non CPAP relative risk mechanical mechanical mechanical
wk (95%CI) ventilation ventilation ventilation
CPAP non CPAP P value
Morley et al™ 610 25-28 108/307 118/303 0.9 (0.73-1.11) 0-11 11-14 <0.001
SUPPORT"™ 1316 24-27 323/663 353,653 0.9 (0.81-1.00) 2-32 2-36 0.01
Sandri et al® 208 2528 53/103 32/105 1.01 (0.7-1.57) 1-14 1-18 <0.01
Dunn et al™ 648 26-29 68/223 138,425 0.94 (0.74-1.19) 1-8 1-10 0.01

Infants randomised to prophylactic surfactant group and intubate, surfactant, or extubate group were combined in the intubation group. CPAP: Continuous

positive airway pressure; BPD: Bronchopulmonary dysplasia.

covered by a hat. Care should also be taken to ensure
that hyperthermia is avoided. Monitoring infants’
temperature is of paramount importance. Perinatal
hyperthermia is associated with respiratory depression
as well as risk of adverse neurological outcome®®.
Every hospital delivering high risk infants should have
protocols for controlling delivery room temperature,
systematic use of plastic bags and hats, monitoring
temperature during stabilisation and transport to avoid
hypothermia or hyperthermia. Admission temperature
is an integral part of the Clinical risk Index for Babies
II (CRIB II') score. The CRIB score was developed to
predict mortality for infants born at less than 32 wk
gestation at birth and was derived using data from
infants admitted to four UK tertiary neonatal units
from 1988 to 1990, This score has been widely used
to quantify the risk of mortality among very preterm
infants™*?; it is assessed in the first 12 h of birth. The
CRIB score was modified in 2003 as CRIB II score*’,
where gestational age and birth weight together with
admission temperature and base excess were added
to predict mortality. The new score was intended to
improve predictions for smaller, very premature infants
and to exclude variables that could be influenced by
care given to the infant. Score for acute neonatal
physiology (SNAP) is another mortality prediction
score developed in United States™ a simpler version
called SNAP I was developed later using data from
30 American units™?’, Admission temperature was
one of the important components of these mortality
prediction scores.

Respiratory support in stabilisation

Ventilatory support: Despite considerable advances
in perinatal-neonatal care, there is a trend for in-
creased incidence of bronchopulmonary dysplasia
among survivors of prematurity™*®*’). Appropriate
respiratory support in the delivery room can ensure
reduction in the damage caused to the lungs. Preterm
infants are unique due to their poor respiratory drive,
structurally immature lungs, surfactant deficiency and
highly non-compliant chest wall. Respiratory support
should improve lung compliance thereby achieving
adequate minute ventilation, decrease work of
breathing and provide assisted ventilation as required.
In order to ensure good gas exchange, consistent
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functional capacity has to be established, while
avoiding areas of atelectasis and over distension.

Use of positive end expiratory pressure (PEEP)
during intermittent positive pressure ventilation (IPPV)
or use of continuous positive airway pressure (CPAP)
alone, after birth to facilitate alveolar recruitment and
to avoid barotrauma and volutrauma from mechanical
ventilation is recommended™®. CPAP can help establish
and maintain a functional residual capacity in preterm
lung, thereby improving pulmonary haemodynamics
and respiratory distress*®), Most neonatal resuscitation
guidelines (NRP/NLS) have supported the use of CPAP
as a mode of ventilator support for preterm babies
soon after birth™*),

A systematic review with meta-analysis in 2013 by
Schmeélzer et al*” evaluated the difference of outcomes
between invasive and non-invasive respiratory support
in preterm infants at birth. Four randomised controlled
trials were evaluated and they concluded that nasal
CPAP initiated in the delivery room compared with
intubation reduces death or bronchopulmonary
dysplasia in very preterm babies (Table 2)P***%, The
meta-analysis suggested that one additional infant
could survive to 36 wk without bronchopulmonary
dysplasia for every 25 babies treated with nasal CPAP
in the delivery room rather than being intubated and
mechanically ventilated. Pooled analysis showed a
significant benefit for the combined outcome of death
or bronchopulmonary dysplasia, or both, at 36 wk
corrected gestation for babies treated with nasal CPAP:
RR = 0.91; 95%CI: 0.84-0.99; RD = -0.04; 95%CI:
-0.07 to -0.00; NNT of 25.

However none of these trials included infants less
than 23 wk and only 1 trial had infants at 24 wk ges-
tation. There are four small studies in periviable babies
comparing invasive and non-invasive ventilation. Finer
et al® demonstrated that although about half of 24
wk GA infants can be stabilised on CPAP in the delivery
room, very few infants of less than 24 wk GA avoided
delivery room intubation.

These trials indicate that despite a strategy of
CPAP use after birth in extremely low gestational age
infants, rates of bronchopulmonary dysplasia (BPD) or
death at 36 wk postmenstrual age (PMA) remain high,
ranging from 41% to 64%">>%°",

CPAP should not be used in place of positive
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pressure ventilation when respiratory effort is poor
or absent™ ", In a recent study, it was shown that
a stepwise PEEP strategy after birth improved gas
exchange, lung mechanics and end expiratory volume
without increasing lung injury in preterm lambs®™”,

Sustained inflation (SI) has been suggested as an
alternative to CPAP. Sustained inflation is application
of higher pressure (25 cm H20) for a prolonged time
than normal (15-25 s)**”. A systemic review in 2014
by Schmélzer et al®"! compared sustained inflation vs
positive pressure ventilation. Four RCTs were analysed
showing SI improves functional residual capacity (FRC)
and therefore the need for mechanical ventilation
during the first 72 h, the pulmonary protective effect
is lost in the subsequent development to BPD"*®],
Further clinical trials are required to evaluate the
efficacy, including risk of pneumothorax, long term
outcomes and safety, of this lung aeration manoeuvre
at birth.

The Sustained Aeration of Lung (SAIL) trial, a large,
international multi-centred randomised trial is currently
on-going evaluating sustained inflation vs positive
pressure ventilation'®”. This prospective randomized
controlled unblinded trial will recruit 600 infants of
23 to 26 wk gestational age who require respiratory
support at birth. Infants in both arms will be treated
with PEEP 5 to 7 cm H20 throughout the resuscitation.
The study intervention consists of performing an initial
SI (20 cm H20 for 15 s) followed by a second SI (25
cm H20 for 15 s), and then PEEP with or without IPPV,
as needed. The control group will be treated with initial
IPPV with PEEP. The primary outcome is the composite
outcome of bronchopulmonary dysplasia or death at
36 wk post-menstrual age.

Oxygenation in delivery room: Preterm infants are
deficient in anti-oxidative protection and are highly
susceptible to oxygen toxicity thereby exacerbating
morbidities’®”. Avoiding hypoxemia and hyperoxaemia
during resuscitation is essential. Blended oxygen and
pulse oximetry play an important role in titrating the
delivery of oxygen. Due to inherent technology behind
the pulse oximetry measurements saturation values
less than 60%-70% are inaccurate™®. Pulse oximetry
should be placed on the right hand or arm to evaluate
the pre-ductal oxygen levels; it also measures heart
rate accurately, which helps in the resuscitation.
The optimal initial fraction of inspired oxygen (FiOz)
for resuscitating/stabilising premature infants is not
known. A recent meta-analysis by Saugstad et a/*”
in 2014 for optimal initial fraction of oxygen in less
than 32 wk gestation analysed 10 published studies
covering 677 infants. It shows that the outcomes of
starting with a low initial FiOz (0.21-0.30) were as
good as starting with a high FiO2 (0.6-1.0). Oxygen
should be individually titrated based on the neonate’s
response.

Harling et al”® performed the first resuscitation trial
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of infants of less than 31 wk GA with either 50% or
100% oxygen for the entire time of the resuscitation
and found no significant differences in cytokines, death,
or survival without BPD. All subsequent trials in preterm
infants comparing a high vs low oxygen concentration
utilized a targeted oxygen saturation strategy.
The room air vs oxygen administration in preterm
Resuscitation (ROAR) study randomised 106 infants
< 32 wk gestation comparing three O: strategies:
100% throughout (High oxygen group), 100% initially
(Moderate oxygen group) and 21% (Low oxygen
group) initially. The last two groups had the FiO: titrated
until a SpO:2 of 85% to 92% was reached”". This study
demonstrated that targeting resuscitation SpO: values
was feasible for very preterm infants. Ezaki et a/t’*
studied infants < 35 wk’ gestation born by caesarean
section. Twenty one infants received 100% oxygen
and 23 were treated with a targeted oxygen saturation
strategy. They reported lower 5 min Apgar scores, and
higher total hydro peroxides in the 100% oxygen group
which implies an improved outcome with targeted
oxygen saturation strategy. None of the studies have
evaluated long term outcomes in these infants, which
is of utmost importance. That is why larger prospective
randomised controlled trials with long term outcome
measures are required.

There are several experimental and clinical studies
to assess the initial oxygen concentration during
resuscitation’”>’*. The To2pido (Targeted oxygenation
in the resuscitation of premature infants and their
developmental outcome) study is an international,
multicentre trial currently set up in Australia, Malaysia,
and Singapore and with centres starting in India?. It
is to determine the outcome of very premature infants
(< 30.6 wk gestation) who have had resuscitation at
birth starting with either room air or 100% oxygen.
The trial is currently recruiting and the target number
of infants to be recruited is 1892. The primary outcome
is said to be death at 2 years and secondary outcomes
are evidence of bronchopulmonary dysplasia at 36
wk gestation or major disability at 2 years of age. The
Premature Infants Resuscitated with Oxygen or Air
(PRESOX) trial, which is planning to recruit 1260 infants,
is a prospective randomized clinical trial of extremely
premature infants that will assess the use of a low and
high oxygen concentration for the initial resuscitation'”®.
This proposed trial will use targeted oxygen saturation
levels over the first 15 to 20 min of life to compare a
low and a higher initial oxygen level for the resuscitation
of such infants, and is powered to evaluate short
term outcomes of survival without oxygen at 36 wk
and survival without retinopathy of prematurity, and
the long term outcome of survival without significant
neurodevelopmental impairment at 2 years of age.

In 2010, Dawson et al'’*! developed SpO: reference
range for the first ten min of term, preterm and
extremely preterm infants. Three databases were
merged, two from Australia and one from Spain to
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evolve this range. At present Dawson’s nomogram
is the best available reference range for titration of
oxygen in preterm infants. However it should be noted
that the reference range was based on the infants who
were breathing in air. A study by Vento et a/’® in 2013
showed that preterm infants requiring CPAP but in air
attained higher saturation significantly earlier than in
Dawson’s nomogram.

There is growing interest in monitoring CO:z levels
in delivery room and using it as a tool for assessment
of functional residual capacity. A systematic review
in 2014 by Hawkes et al’”! reviewed the current
evidence for CO2 monitoring. These mainly included
observational studies with only one RCT. Observational
studies have a higher degree of bias and can also mask
cause and effect relationships or, alternatively, suggest
correlations where there are none. The conclusion was
that CO:2 detection may be of particular benefit for
preterm infants in the delivery suite. However, there
is a need for further research into CO: detection, in
particular, capnography, as a means of confirming
effective IPPV in neonatal resuscitation.

CONCLUSION

Resuscitation and stabilisation of a preterm neonate
consists of complex decisions and tasks undertaken by
the team. In recent years, there is growing evidence
for providing a gentle, least invasive support in the
delivery room to reduce immediate and long term
morbidities. There needs to be further research in all
the aspects of resuscitation especially for periviable
neonate.
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Abstract

Infants in the neonatal intensive care unit are highly
susceptible to healthcare associated infections (HAI),
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with a substantial impact on mortality, morbidity and
healthcare costs. Effective skin disinfection with topical
antiseptic agents is an important intervention in the
prevention or reduction of HAL. A wide array of antiseptic
preparations in varying concentrations and combinations
has been used in neonatal units worldwide. In this article
we have reviewed the current evidence of a preferred
antiseptic of choice over other agents for topical skin
disinfection in neonates. Chlorhexidine (CHG) appears
to be a promising antiseptic agent; however there exists
a significant concern regarding the safety of all agents
used including CHG especially in preterm and very low
birth weight infants. There is substantial evidence to
support the use of CHG for umbilical cord cleansing and
some evidence to support the use of topical emollients
in reducing the mortality in infants born in developing
countries. Well-designed large multicentre randomized
clinical trials are urgently needed to guide us on the
most appropriate and safe antiseptic to use in neonates
undergoing intensive care, especially preterm infants.

Key words: Antiseptics; Disinfectants; Topical; Neonate;
Preterm; Very low birth weight infant; Chlorhexidine;
Povidone-iodine; Alcohol

© The Author(s) 2016. Published by Baishideng Publishing
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Core tip: Topical antiseptic agents play a crucial role
in the prevention of nosocomial infections in infants
admitted to neonatal intensive care unit. There is a
paucity of good quality studies to guide us on the most
effective and safe antiseptic preparation, concentration
and combination for use in neonatal skin disinfection.
Further research is urgently needed to identify the
most appropriate and safe antiseptic use in neonates
including preterm and very low birth weight infants.

Sathiyamurthy S, Banerjee J, Godambe SV. Antiseptic use in the
neonatal intensive care unit - a dilemma in clinical practice: An
evidence based review. World J Clin Pediatr 2016; 5(2): 159-171
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INTRODUCTION

Sepsis is one of the leading causes of death in infants
admitted to the neonatal unit'”>!. Neonatal sepsis is
also associated with significant morbidity including
prolonged hospital stay and increases in health care
costs'®”). Studies have shown that sepsis in preterm and
very low birth weight infants (VLBW) infants could lead
to significant neurodevelopmental morbidity secondary
to associated white matter injury® %, Healthcare
associated infections (HAI) account for vast majority
of neonatal sepsis, with Catheter Related Bloodstream
Infection (CRBSI) being the most common nosocomial
infection™'?, The neonatal units, to reduce or prevent
the HAI/CRBSI have adopted several strategies and
use of an effective topical antiseptic agent is one of
the integral components'**'¥, Centers for Disease
Control and Prevention (CDC)™ has made a specific
recommendation for skin preparation before cannulation
and central venous catheter insertion for adults and
children 2 mo or older. Similarly United Kingdom
national evidence based guidelines™® recommend the
use of 2% chlorhexidine gluconate (CHG) in 70%
Isopropyl alcohol for skin antisepsis prior to venous
cannulation and Central Venous Catheter (CVC)
insertion in the same age group. However there is
no specific guidance recommendation on antiseptic
of choice for infants less than 2 mo. Wide range of
antiseptics has been used in neonatal units all over
the world, but good evidence is lacking, and the most
appropriate and safe antiseptic solution to use on the
skin remains controversial. The purpose of this review
is to comprehensively examine the available literature
on use of topical antiseptics in neonates and to identify
evidence based recommendations for clinical practice. In
this review we did not include the evidence of antiseptic
use for hand hygiene in neonatal units.

BACKGROUND

HAI is a major problem in neonates that incur sig-
nificant health and economic burden to the society.
Gray et al'™! reported that nosocomial infections
related to coagulase negative staphylococcus pro-
longed the hospital stay by 14.0 £ 4.0 d (P < 0.01)
and an associated increase in hospital charges of
$25090 = 12051 (P < 0.05). In another report
nosocomial infections were found to increase costs by
26% in < 750 g and 80% in 1250-1500 g infants and
the length of stay was increased by 4-7 d in VLBW
infants™®,

Preterm neonates are prone for infection because
they have functionally immature immune system with
extremely low immunoglobulin levels, complement
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activity, and neutrophil storage pool and function!**’.

In addition, preterm infants lack an effective skin
barrier. Stratum Corneum, which is responsible for
providing an effective epidermal barrier, is not well
developed until 32-34 wk of gestation. For babies
born < 34 wk, it takes about 4-5 wk for the skin
to mature which makes them more vulnerable to
infections during this period™®®??, Other risk factors
for hospital-acquired infections include the presence
of intravascular catheters, other invasive devices,
mechanical ventilation, parenteral nutrition and use of
broad-spectrum antibiotics®®,

CRBSI is the most common HAI'™ and is estimated
to cause up to 70% of all hospital acquired infections in
preterm infants!*!). Catheter hub colonisations followed
by exit site were the strongest predictors of CRBSI in
NICU™*. Multi-faceted interventional strategies in the
form of care bundles have been developed in neonates
worldwide to reduce the HAI. There are several reports
from all over the world, that catheter care bundles can
reduce the risk of nosocomial and CRBSI™'****!, One of
the key steps included within the care bundles is that
skin is appropriately disinfected to prevent the entry
of microorganisms as well as to reduce the risk of
subsequent infection. It is widely accepted; from adult
and paediatric studies that CHG is most effective for
skin antisepsis®® and is recommended as best practice
in various guidelines™*®,

Antiseptics used in neonatal units
An ideal antiseptic agent should be effective against
a wide range of microorganisms, have an immediate
onset of action, have residual and long term effect,
not be inactivated by the presence of organic material
e.g., blood, have minimum toxic effects on the skin
and the organ systems!?’*®l, A variety of topical
antiseptics have been used in varying concentrations
and combinations. Surveys from United States, United
Kingdom, Australia and New Zealand showed that
CHG, alcohols and Povidone-Iodine (PI) are the most
commonly used agents in neonatal units®>?,

Table 1 summarises the mechanism of action,
spectrum of activity and disadvantages of individual
antiseptic agents used in neonates™***,

Chlorhexidine: CHG a cationic bisguanide, first
discovered in the United Kingdom is the most widely
used antiseptic agent'®. It is effective against gram-
positive bacteria, somewhat less active against gram
negative but is effective against resistant organisms
including Methicillin Resistant Staphylococcus aureus
(MRSA), Vancomycin resistant enterococcus (VRE),
Streptococci and Pseudomonas®****®!, CHG has sig-
nificant residual activity and addition of alcohol based
preparations results in significantly greater residual
activity than alcohol alone. It also acts in the presence
of organic material like blood or biofilmP®*3*3¢, Its
antimicrobial activity is slower than that of alcohols.
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Table 1 Characteristics of topical antiseptic agents used in neonates (World Health Organization 2009)

Antiseptic agent Mechanism of action

Advantages

Disadvantages Preparations/

compounds

Chlorhexidine Disruption of cytoplasmic Broad spectrum antimicrobial Non-sporicidal 0.25%, 0.5%, 1%, 2%, 4%
membranes activity - aqueous and alcohol
Denaturation of proteins Kills yeasts Not effective against mycobacteria based
Intermediate onset of action Local dermatitis
Activity not affected by organic Neurotoxicity
material
Residual activity Non-sporicidal
Alcohols Damages cell membrane Broad spectrum antimicrobial Not active in presence of organic Ethanol, isopropyl
activity material alcohol, methanol
Denaturation of proteins Faster onset of action No residual activity
Skin reactions
Systemic absorption
Todine Forms complexes with proteins Broad spectrum antimicrobial Skin irritation 10% povidone-iodine
and lipids activity
Impaired protein synthesis and Sporicidal Systemic absorption with
alteration of cell membranes hypothyroidism
Effective against mycobacteria
Has some residual activity
Hexachlorophene  Inactivates essential enzyme  Good activity against gram positive, Residual activity Currently not
systems weak against gram negative Neurotoxicity recommended for

bathing neonates

Alcohols: Alcohol can be used alone or in combination
with other antiseptics, most common being CHG.
Alcohols have excellent in vitro germicidal activity
against gram positive and gram-negative bacteria
including MRSA and VRE, mycobacteria and a
variety of fungi. They are most effective between
concentrations of 60%-80% and have a faster onset
of action but no residual activity. They are not active in
the presence of organic material.

Iodine: Iodine has been recognised to have antiseptic
properties since 1800s and has now been replaced
by iodophors. Iodophors are composed of elemental
iodine and a polymer carrier of high molecular weight.
The amount of iodine present determines the level
of antimicrobial activity™**”!. Combining iodine with
polymers increases the solubility, promotes sustained
release of iodine and reduces the skin irritation™**"’,
Most common polymers iodophors used are polyvinyl
pyrrolidone (povidone) and ethoxylated non-ionic
detergents (poloxamers).

Hexachlorophene: Hexachlorophene is a bisphenol
compound with three chlorine molecules. It was widely
used in hand washing and routine bathing of neonates in
hospitals. It is bacteriostatic and is the weakest of all the
antiseptic agents mentioned in the Table 1%%. It does
have some residual activity. Hexachlorophene used for
washing and cord care reduced Staphylococcus aureus
(S. aureus) colonisation and related omphalitis. However
in 1970 following cases of vacuolar encephalopathy its
use has been withdrawn®®, Following this a number of
investigations have revealed that incidence of S. aureus
infections had gone up and some places restarted the
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use of hexachlorophene*?,

Octenidine: Octenidine is a bis-pyridine compound,
a cationic substance that binds to the microbial
envelopes, cell membranes and destroys the cell wall
of microorganisms by disrupting their metabolism®*!.
It has a broad spectrum antimicrobial activity against
gram positive and gram negative bacteria**,
is effective against resistant organisms including
MRSA, vancomycin resistant Staphylococcus aureus
(VRSA)“Y, extended spectrum beta-lactamase
producing bacteriae (ESBL)**! and pseudomonas!*.
It has a low virucidal activity especially against
hepatitis B virus and herpes simplex viruses but has
no effect on other viruses, spores or protozoa'®!l. Like
Chlorhexidine it has significant residual activity up to
24 h™*" and the antiseptic effect is retained even in the
presence of organic material™**®. Octenidine is often
used in combination with alcohol preparations either
phenoxyethanol or propanol.

A survey from 90 NICUs in United States on
CHG use, reported that 61% of the units used CHG
containing preparations. Twenty-one neonatal units
used alcohol based CHG preparations™®. Heron et a*!!
surveyed the use of antiseptics across 57 neonatal
units in the United Kingdom in 2013. They reported
seven different antiseptics were in use and 53% of the
units used alcohol based CHG preparations in contrast
to findings of an early survey from 2007 (14% vs
53%). Majority of the units used alcohol based CHG
irrespective of GA, birth weight®". These surveys
actually reflect the changes in clinical practice following
national recommendations to use alcohol based CHG
antiseptic solutions, the evidence of which is mainly
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derived from studies on adults and older children.

ARE THE ANTISEPTICS USED IN
NEONATES EFFECTIVE?

Antiseptics have been used in neonates for a range
of different procedures and interventions, in different
concentrations and combinations. We reviewed the
current literature based on their purpose of use and
to identify a preferable effective antiseptic type and
preparation over other agents.

Antiseptics use to reduce neonatal skin colonisation
Several interventions have been tried to decrease
the colonisation of newborn skin with pathogenic
organisms and associated sepsis. There are studies,
which looked at the use of emollients, antibiotics,
vaginal CHG washes during labour, umbilical cord
cleansing and whole body washing to reduce the
infection rates.

Vaginal CHG washes during labour: A large
randomized clinical trial (RCT) conducted in South
Africa, compared 4005 mothers and their 4072
neonates treated with 0.5% CHG wipes against 4006
mothers and 4057 neonates in the control group.
Results from this study showed that CHG wipes did not
reduce neonatal sepsis (3% vs 4%; CI: 19-24; P = 0.65)
or GBS colonisation in neonates (54% vs 55%; efficacy
-0.05%; CI: 9.5-7.9)*, Saleem et a/*” conducted a
placebo controlled RCT on 5008 women in labour and
their infants, to compare the effect of CHG vaginal
and infant wipes, on reduction of neonatal sepsis and
perinatal mortality. CHG vaginal and infant wipes did
not show a significant reduction in neonatal sepsis and
mortality (3.1% vs 3.4%; RR = 0.91; CI: 0.67-1.24)
or composite outcome of neonatal sepsis and perinatal
mortality (3.8% vs 3.9%; RR = 0.96; CI: 0.73-1.25)"7.

Ohlsson et al®'! conducted a systematic review
to determine whether vaginal CHG during labour
reduced early onset GBS infections. Authors found that
Vaginal CHG washes/gel reduced the GBS colonisation
of neonates, however this was not associated with
significant reduction in GBS sepsis. Moreover, women
who received CHG washes developed mild side effects.
The quality of the included studies varied and was low.
Therefore authors concluded that use of Vaginal CHG
is not currently recommended especially in the era of
intrapartum antibiotic prophylaxis.

Topical ointments: Preterm infants are prone
for infections as they do not have an effective epi-
dermal skin barrier and topical emollients could
theoretically provide an effective barrier to prevent
infections. Darmstadt et a/’®® from Bangladesh, in
their prospective RCT involving a total of 497 preterm
infants, compared the effect of aquaphor ointment and
sunflower oil against controls in reducing the neonatal
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mortality. Results of the study showed that sunflower
oil reduced the mortality by 26% (hazard AR = 0.74;
CI: 0.55- 0.99, P = 0.04) and aquaphor reduced the
mortality by 32% (hazard AR = 0.67; CI: 0.57-0.92;
P = 0.01). This study did not compare neonatal
sepsis rates. In another large RCT, Edwards et a/***
compared the mortality and nosocomial bacterial
sepsis rates (NBS) following the use of aquaphor
ointment in preterm infants with birth weight < 1000
g. This group did not a show a significant reduction in
combined death or NBS (33.6% vs 30.3%, ARR = 1.07;
CI: 0.89-1.27; P = 0.22). However, the emollient
group was noted to have a higher incidence of NBS
and Coagulase negative Staphylococcus infections
(18.6% vs 13.3%; ARR = 1.4; CI: 1.08-1.83)"%, In
their systematic review, Conner et al® reported that
prophylactic application of topical ointment in preterm
infants has been associated with significant increase
of coagulase negative staphylococcal (RR = 1.31;
95%CI: 1.02-1.70) and other nosocomial infections.
They concluded that topical ointment should not be
used routinely in preterm infants.

A recent systematic review™ including the studies
from developing countries, has reported that topical
emollient therapy significantly reduced neonatal
mortality by 27% (RR = 0.73; 95%CI: 0.56-0.94)
and hospital acquired infection by 50% (RR = 0.50;
95%CI: 0.36-0.71). Topical emollient therapy may be
a promising intervention to reduce neonatal mortality
in developing countries but evidence is against this in
developed countries.

Umbilical cord care: Umbilical cord has been
recognised as a site of colonisation with bacteria
especially S. aureus and as a source of infection
in neonates. Several studies have reported the
prophylactic use of CHG reduced the colonisation
rates %, Verber et al*® in their prospective study
on a total of 202 infants, reported that CHG reduced
the umbilical cord colonisation rates by more than
half, compared to the control group (16% vs 41%;
RR = 0.39; CI: 0.24-0.64). In another double blind
comparative study, Oishi et a/®® compared the effect
of 80% ethanol in CHG against 80% ethanol alone
on a total of 100 infants, in reducing umbilical cord
colonisation by S. aureus. They identified that ethanol
in CHG was more effective than ethanol alone in
reducing colonisation with S. aureus (25% vs 58%; P
< 0.05). However, concerns have been raised that CHG
delays the separation of cord®”*®, Three large block
randomised control trials in developing countries!®*!
have shown that use of 4% CHG for umbilical cord
care has significantly reduced the mortality (RR =
0.81; 95%CI: 0.71-0.92) and omphalitis (RR =
0.48; 95%CI: 0.40-0.57) in community settings.
A recent Cochrane meta-analysis'®” involving 12
trials all over the world confirmed these benefits in
developing countries. However there was no strong
evidence to suggest that this might be beneficial in
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developed countries due to the lack of high quality
studies involved®®®! and therefore dry cord care is
recommended at present.

Regular bathing with CHG on HAI: In adults and
older children in intensive care, daily bathing with
CHG washcloths have shown a significant reduction
in nosocomial infections (4.78 cases vs 6.6 cases per
1000 patient-days, P = 0.007)®" and [4.1 cases vs
10.4 cases of primary blood stream infections (BSIs)
per 1000 patient-days with CI: 1.2-11.0; P = 0.01]°%.
Climo et al®” in addition reported that regular CHG
bathing reduces the colonisation from multidrug
resistant organisms (5.1 cases vs 6.6 cases per 1000
patient-days, P = 0.03). Spencer et al®® reported a
similar finding with use of Octenidine in adults from
a surgical intensive care unit, with 75% reduction in
MRSA colonisation.

Large randomised controlled trials from Pakistan
and South Africa did not show any significant reduction
in mortality or sepsis in neonates who had prophylactic
whole body cleansing with CHG wipes™**”. Quach et
al®”! who studied the effect of 2% CHG body wash on
195 infants with birth weight of 1000 g or more and a
systematic review on whole body cleansing in neonates
did not show any beneficial effect on mortality RR =
0.91, CI: 0.8-1.04, however there was a substantial
heterogeneity amongst the included studies (I*> =
80.2%) and therefore evidence is lacking to support
CHG washes in neonates at present™®.

Recommendations: (1) There is sufficient evidence to
conclude that application of CHG to umbilical cord can
prevent omphalitis and neonatal mortality in developing
countries (Level 1A). More research is needed regar-
ding the concentration of CHG preparation, duration,
frequency and timing of application. In the absence of
good evidence to support this in developed countries,
dry cord care is recommended (Level 2D); and (2)
Vaginal CHG during labour is not recommended based
on the available evidence (Level 2B). Topical emollients
are not routinely recommended for use in preterm
infants in developed countries (Level 2C), however
may have an impact in reducing neonatal sepsis and
mortality in developing countries with high neonatal
mortality rates (Level 2B). We do not recommend
regular CHG bathing on the basis of current literature
evidence (Level 2C).

Antiseptic use for venepuncture/cannulation/blood
culture

Venepuncture and intravenous cannulation breach
the skin integrity increasing the risk of hospital
acquired infections from invasion of microorganisms
colonising the skin and intravenous catheter. Blood
culture contamination is a challenging problem in
clinical practice with reported contamination rates of
0.6%-6%; that can lead to unnecessary investigation

Raishidenge ~ WJCP' | www.wjgnet.com

Sathiyamurthy S ef a/. Topical antiseptic use in neonates

163

and treatment in otherwise well babies'®””. Therefore
it is important that we use antiseptics that could
prevent HAI and reduce blood culture contamination
rates.

Only a few studies were published in literature on
use of antiseptics in neonatal population for prevention
of infections related to venepuncture, blood culture
sampling or cannulation. Malathi et a/”! compared the
skin clearance using 0.5% CHG in 70% IPA and 10%
PI for intravenous cannulation. In the first part skin
swabs were taken following routine cannulation and in
the second part swabs were taken after skin cleansing
with various durations of exposure to either alcoholic
CHG or PI. Skin cleansing with antiseptics achieved
a reduction of bacterial colony counts in 90%-99%
and authors reported no difference between the two
groupst!. Lilley et a/’?! conducted a prospective
randomised controlled trial to compare 0.5% CHG and
0.05% CHG for skin antisepsis prior to intravenous
cannulation. A total of 85 neonates were randomly
allocated for exposure to different concentrations of
CHG and skin surface swabs were taken before and
after cannulation. Authors found that 0.5% CHG
produced better bacterial clearance than 0.05% CHG
(92% vs 38%, P = 0.002)""?. Another RCT in neonates
with birth weight of = 1500 g compared the effect
of 1% aqueous CHG with 10% PI on blood culture
contamination rates”?. Use of 1% CHG was associated
with fewer positive blood culture results in neonates
> 1500 g. However this study was non-blinded, did
not control drying times and antiseptics were washed
off after 30 s. None of the above studies reported
clinically relevant outcomes such as sepsis rates, other
morbidity or deaths.

A Canadian group™™ is currently conducting a
large RCT comparing the efficacy of 2% CHG in 70%
IPA against 2% aqueous CHG prior to venepuncture
that has recently completed recruitment. Around 460
babies with birth weight of < 1500 g were recruited
onto the study and bacterial swabs before and up to
24 h after cleansing were taken for microbiological
analysis. While we are still awaiting final study results,
interim results showed identical bacterial clearance
rates in both groups suggesting that alcoholic com-
ponent is probably not required in very low birth
weight babies. There is not much evidence available in
neonates for guidance on appropriate topical antiseptic
agent prior to venepuncture, blood culture sampling or
intravenous cannulation.

[74]

Antiseptic use for PICC/CVYC/umbilical catheter insertion
Skin commensals are the most common bacteria to
colonise the central venous catheters”™. Ponnusamy
et al’® showed that colonisation rates of proximal
catheter segments were higher than catheter tips
from asymptomatic infants (78% vs 43%, P
0.004). Same group in their retrospective study on
187 peripherally inserted central venous catheter
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(PICC) removals reported that a positive exit site skin
swab is associated with an 8 fold increase of catheter
colonisation (OR = 2.13; CI: 1.18-3.08; P < 0.001),
and a 14 fold increase of CRBSI (OR = 2.00; CI:
0.44-4.14, P = 0.01)"",

A multicentre prospective non-randomised clinical
trial was conducted in two epochs by Garland et a/”™®
to compare the effects of CHG and PI on catheter
colonisation rates. In a total of 826 catheters in 254
infants 0.5% CHG significantly reduced the catheter
colonisation rates (4.7% vs 9.8%, RR = 0.5, CI:
0.3-0.9; P = 0.01). There were only 2 cases of
CRBSI and therefore it was not possible to draw any
conclusions on their effect on clinical outcomes”®.
Same group conducted a large multicentre RCT to
compare the effect of CHG impregnated dressing
and PI on outcomes of CRBSI, CLABSI and Catheter
colonisation. Three hundred and thirty-five neonates
were randomised to CHG impregnated dressing after
70% alcohol cleansing and 370 to skin disinfection
with PI. Neonates randomised to the CHG impregnated
dressing had reduced colonisation rates (15% vs 24%,
RR = 0.6; CI: 0.5-0.9; P = 0.004). There were no
differences observed in CRSBI or CLABSI. However,
significantly more babies < 1000 g (15% vs 0%)
developed contact dermatitis in the CHG + 70%
IPA group. These results suggest that CHG + 70%
IPA is more effective but safety issues need to be
addressed”.

Andersen et al”” reported a significant reduction
in BSIs (21% vs 9%; CI: 0.19-1.0; P = 0.05) with
2% CHG compared to PI in two cohorts of VLBW
infants (n 174) over 12 mo period before and
after implementing multifactorial prevention stra-
tegies. However there were 4/36 cases of contact
dermatitis in infants with birth weight less than
1000 g and therefore studies on weaker solution
was recommended. During this period they also
implemented several other interventions including
changes in hand washing practice, standardisation of
intravascular device insertion with specialised packs
and mandatory removal or replacement of peripheral
IV after 48 h, to reduce nosocomial infections that
could have contributed to the reduction in BSI.
Another retrospective study comparing 10% PI and
0.5% CHG in 70% IPA for PICC insertions in two
different time periods reported no differences in sepsis
or CRBSI rates™®. Jeffries et al®" in their retrospective
study compared the short-term outcomes following
use of CHG or PI prior to PICC insertion. There was
no observed difference between the two groups in
mortality or other short-term outcomes in VLBW
infants. Kieran et al'® recently completed a large
RCT comparing the efficacy of 2% CHG in 70% IPA
with 10% PI to reduce CRBSI in preterm infants.
Three hundred and ten preterm infants < 31 wk
gestation were randomised to CHG or PI group for
PICC/Umbilical catheter insertion. CRBSI rates were

37]
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similar in both groups. However significant differences
were observed in PI group for hypothyroidism (8% vs
0%; P = 0.002) and all of them required treatment
with Thyroxine. No adverse skin reactions were
reported™.

Duration of antiseptic application for effective skin
disinfection

In a retrospective study in preterm neonates com-
paring duration of antiseptic usage with bacterial
colony counts in skin swabs, Malathi et a/”’*! have
reported that 30 s cleansing with 0.5% CHG in 70%
IPA or 10% PI was more effective than 5 or 10 s
cleansing in reducing the bacterial colony counts from
skin swabs.

CHG vs povidone iodine

There is enough evidence in adults to suggest that
CHG containing solutions are more effective than
PI for skin preparation for surgery and PICC/CVC
insertions'”®®!, But in neonates this has not been
studied in great detail. In vitro studies to compare
the efficacy of CHG against PI on 33 MRSA isolates
showed that PI achieved a significantly higher
logarithmic reduction factor of >5 (tube dilution
method 4.879 vs 3.004, P < 0.001; microtitre plate
dilution method 4.5 vs 2.73, P < 0.001), suggesting
that PI is better than CHG in microbiological studies
against MRSA strains®. In another microbiological
study from Birmingham, United Kingdom, Adams
et al® compared the efficacy of 2% CHG in 70%
IPA with 5 different antiseptics (70% IPA, 0.5%
CHG, 2% CHG, 0.5% CHG in 70% IPA, and 10% PI)
against S. epidermidis. They found that 2% CHG in
70% IPA and PI achieved a significant log:o reduction
factor of > 5 (4.7 vs 2.3-3.6, P = 0.0001) against S.
epidermidis biofilm compared to other antiseptics but
there was no statistical difference between CHG and
PI (4.7 vs 4.4; P = 0.28). Clinical studies in neonates
involving 0.5% CHG in 70% IPA did not find any
significant differences between the two antiseptics in
terms of bacterial clearance rates”"®”, These studies
were small and did not include clinical outcomes. A
large prospective controlled trial compared the two
antiseptics and found that 0.5% CHG in 70% IPA is
more effective in reducing the catheter colonisation
compared to PI in neonates. There were not enough
infection rates to compare between the two groups'’®.,
A non-blinded RCT showed that 1% CHG achieved
better blood culture contamination rates compared
to 10% PI'?, Jeffries et al®"! reported no differences
between CHG and PI in mortality or other short-term
morbidity outcomes in VLBW infants.

In a large RCT on a total of 705 neonates, Garland
et al'”® compared CHG impregnated dressing followed
by IPA cleansing against PI in neonates demonstrated
that CHG significantly reduced catheter colonisation
(15% vs 24%; RR = 0.6; CI: 0.5-0.9; P = 0.004)
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but there was no difference in CRBSI. A large RCT
involving 310 preterm infants comparing 2% CHG in
70% IPA and PI has completed recruitment recently™®,
the results are awaited; this might give us further
insight about a better choice of antiseptics in preterm

infants.

Concentration of CHG 0.5% vs 1% vs 2%

There are a handful of studies in neonates that com-
pared the efficacy of different concentration of CHG.
Adams et af®' showed that 2% CHG is more effective
than 0.5% CHG in reducing colony forming units. In a
prospective RCT 0.5% CHG was found to be superior
to 0.05% CHG in bacterial clearance as identified from
skin swabs!",

Alcoholic vs aqueous CHG preparations

Studies have shown in adults and children that Alcohol
containing CHG solutions are more effective than
aqueous solution™!, However, up to date there are
no studies to support this in neonates. On the other
hand, serious concerns have been raised from several
case reports that alcoholic component is associated
with severe chemical burns in neonates particularly in
extreme preterm and VLBW infants (Table 2). In vitro
studies have shown that alcohol based CHG achieved
better bactericidal activity than aqueous CHG of the
same concentration®!, Shah et at’*! completed a RCT
comparing the efficacy and safety of aqueous CHG
against alcoholic CHG in preterm neonates. Preliminary
results showed similar bacterial clearance, which may
suggest that aqueous CHG is as effective as alcoholic
CHG.

Octenidine

Octenidine, as a topical antiseptic agent has been used
in some European countries for more than 2 decades
for prevention of skin, wound and oral cavity infections.
Efficacy studies involving Octenidine have largely been
restricted to in vitro microbiological studies or involving
adult patients; studies on octenidine use in term or
preterm neonates are scarce.

In vitro study by Junka et al*® compared the ef-
ficacy of Octenidine, Ethacridine and Povidone Iodine
against the biofilms of pseudomonas and S. aureus.
Authors reported that Octenidine was effective in
eradicating the bacteria from biofilms made by
pseudomonas in 30 min and was more efficient than
ethacridine and PI (100% OH vs 66% PI vs 0%
ethacridine). Similarly Octenidine was as effective as
PI (100% in 1 min) and more efficient than ethacridine
(100% vs 60%) in clearing the biofilms by S. aureus.

In another in vitro study by Amalaradjou et
al“* Octenidine hydrochloride was effective not
only in preventing the biofilm formation but also in
rapidly inactivating the pre-formed biofilms by S.
aureus, MRSA, VRSA. Goroncy-Bermes et al*! have
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showed similar results with Octenidine against ESBL
producing bacteria in comparison with CHG and poly-
hexamethylen biguanide.

Clinical studies have been noticeably small in num-
bers evaluating Octenidine as an antiseptic agent in
comparison with other agents such as CHG. Octenidine
has been shown to be effective in preventing MRSA
colonisation as well as in eradicating MRSA when used
as whole body wash™®”). Spencer et al**® in their 2
year retrospective uncontrolled study on daily bathing
with Octenidine for adults in intensive care unit
reported a significant reduction in MRSA acquisition
from 25 to 6 (Mean reduction 76%, CI: 42%-90%,
P < 0.01) and an associated reduction in MRSA
bacteremia from 3 to 0. A recent study from Lithuania
evaluating Octenidine’s effect on MRSA decolonisation
showed that Octenidine was completely effective in
decontaminating 67% of adult patients and was very
well tolerated™®. In a recent cluster cross over study
on 10936 patients who received either soap and water
or Octenidine body wash for 6 mo period found that
there was no significant difference between the two
groups in MRSA colonisation (3% vs 3.3%; OR = 0.89;
CI: 0.72-1.11; P = 0.31)®%), There were no studies
that compared Octenidine with other antiseptic agent
in RCTs.

A pilot study by Dettenkofer et af*” in 2002 showed
that Octenidine was more effective than ethanol in
reducing the CVC insertion site colonisation rates.
Tietz et al®"! also reported similar observations in
an uncontrolled observational study in immunocom-
promised patients. Dettenkofer et al®? in their RCT
compared the efficacy of Octenidine against 74%
ethanol when used as a skin antiseptic agent for CVC/
PICC insertion in 400 adult patients. Authors reported
that Octenidine combination with 30% propanol and
45% propanol was superior to 74% ethanol with 10%
propanol combination in reducing the skin colonisation
rates around CVC (OR = 0.21; CI: 0.11-0.39; P <
0.0001), catheter tip colonisation rates (7.9% vs
17.8%; OR = 0.39; CI: 0.2-0.8; P = 0.009) and
catheter related bloodstream infections (OR = 0.44; CI:
0.18-1.18; P = 0.08)"", Bilir et a/** in their non-blinded
randomised trial on 57 patients reported that CHG was
more effective than Octenidine or Povidone Iodine in
reducing CVC insertion site colonisation rates, catheter
hub colonisation and CRBSI rates.

These studies have been conducted in adult po-
pulation and there has been a noticeable lack of
studies involving Octenidine use in term and preterm
neonates.

RECOMMENDATIONS

Based on current evidence
It is possible to conclude CHG may be a better option
compared to PI given that PI is associated with
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Table 2 Studies reporting adverse effects of chlorhexidine use in neonates

Ref. Design/type Patient Type of antiseptic Purpose of Adverse reaction  Systemic effects Comments
characteristics (17) used antisepsis
Garland et al”™  Prospective Neonates (n=111)  0.5% CHG in 70% PICC insertion None reported Not reported GA not reported
study IPA
Garland et al"™ RCT Neonates 0.5% CHG and PICC insertion 19 cases of contact ~ Notreported  Occlusive dressing
(n =335, including 70% IPA, CHG dermatitis of could be the
98 babies <1000 g) impregnated dressing which 15 are < cause of contact
after cleansing 1000 g dermatitis
Biihrer et al™®  Prospective ~Preterm <27 wk 2% phenoxyethanol Skin care Transient Absorbed
study GA (n=24) and 0.1% octenidine erythemaina23  systemically but
wk gestation baby no adverse effects
reported
Pezzati et al'™” RCT Preterm <34 wk 4% CHG aqueous Umbilical cord None Not reported Mostly above 28
(n=101) solution care wk
Andersen Prospective ~ VLBW <1500 g 2% aqueous CHG PICC, cannula  Skin erythema and ~ Not reported Recommended
et al®™ study (n =36) insertion burn alternative safer
agent
Visscher Pilot study Neonates (n =40; 2% CHGin70% IPA  PICC insertion Erythema and Not reported Could be from
et al™ 14 of which <30 dryness dressing
wk)
Schick et al™ Case report  Preterm < 28 wk IPA Umbilical Skin burn (2™/3™ Not reported
GA(n=2) catheterisation degree burn)
Harpin Case report Preterm 27 wk GA  Methylated spirit Umbilical Haemorrhagic ~ Very high ethanol ~ Use of alcohol
et al™ (n=1) (95% ethanol and 5%  catheterisation skin necrosis and methanol antiseptics in
wood naptha) levels in blood preterm neonates
potentially
dangerous
Watkins et al®  Case report Extreme LBW Iso propyle alcohol Umbilical Skin burns Not reported  Care must be taken
babies (1 = 2) catheterisation in selection of such
solutions
Brayer et al’™  Casereport Pretermat35wk  Isopropyl alcohol Umbilical Severe skin burn Not reported
(n=1) catheterisation
Reynolds Case report Preterm infants 24 0.5% CHG + 70% Umbilical Extensive Not reported Avoid pooling
et al™ wk (1 =2) methanol catheterisation ~ abdominal skin of the antiseptic
burns solution and use
Saline for cleaning
to wash antiseptic
Mannan et al'™  Case report Preterm 26 wk GA  0.5% CHG + 70% Umbilical Extensive Not reported  Alcohol containing
(n=1) alcohol catheterisation abdominal skin preparations
burns should be avoided
in NICUs
Bringué Case report  Preterm 26 wk 0.5% CHG + Umbilical Skin burns Not reported Use of alcoholic
Espuny et al”” n=2) methanol catheterisation preparations
should be avoided
in preterm
Lashkari Case report Preterm 25 wk GA 2% aqueous CHG Umbilical Skin burn Not reported Cleansing with
et al"™ (n=1) catheterisation Normal saline

could potentially
reduce the
exposure and burns

CHG: Chlorhexidine; GA: General availability; NICU: Neonatal intensive care unit; IPA: Iso propyle alcohol; PICC: Peripherally inserted central venous
catheter; VLBW: Very low birth weight infants; RCT: Randomized controlled trial.

significant systemic absorption and hypothyroidism.
However safety issues of CHG preparations still remain
a concern. Results from a recently completed RCT?®
may give us a definitive answer.

Aqueous or alcohol based CHG is as effective -
results of the on-going trial would hopefully give us
some answers.

It is not possible to recommend a one particular
concentration of CHG is better than the others in
preterm infants because of its mutually conflicting
efficacy and safety profile.
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neonates?

Topical antiseptic agents used in adults and older
children have been considered safe with no significant
adverse effects noted. Studies have reported that
Chlorhexidine has been well tolerated and is safe in
term neonates following exposure for vaginal washing,
umbilical cord care and whole body cleansing®”**,
However, safety profile of antiseptics has not been
extensively studied in preterm neonates. Skin of a
preterm infant is immature, lacks an effective barrier
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and is vulnerable to local damage and systemic absor-
ption of toxic chemicals.

Local adverse reactions: Local adverse reactions
have been reported with almost all the topical dis-
infectants used in neonatal population. Skin irritation
in form of erythema and contact dermatitis is the
most commonly reported adverse event after a topical
antiseptic use. A national survey in the United States
reported that 51% (28 of 55) of NICUs using CHG
noted adverse reactions involving the skin and none of
them reported systemic side effects’®*®’. Chemical burns
were reported by 61% (17 of 28) of NICUs using CHG
and 13 of the 17 centres (76%) reported that burns
occurred in neonates with birth weight < 1500 g. In
another survey from the United Kingdom™" 30 of 57
(53%) neonatal units used alcohol based antiseptic
agents and 7 of 57 (12%) NICUs reported skin burns.

In Table 2 we have summarised the studies
that evaluated side effects of aqueous and alcoholic
antiseptic preparations in neonates. An RCT, few
prospective studies and several case reports have
reported chemical skin burns in extreme premature
babies secondary to use of methylated spirit®*,
methanol®*®”, IPAP®°" and 2-phenoxyethanol with
0.1% Octenidine™®. In all of these case reports skin
damage was attributed to the alcohol component of
the antiseptic. However, a prospective study on VLBW
infants reported local reactions to aqueous based 2%
CHG preparation®™”. Similarly another case report
of an extensive chemical burn related to the use of
2% aqueous CHG in an extreme preterm infant was
reported and attributed this to excessive application
and prolonged skin exposure to CHG!%%,

Systemic absorption: Studies have reported that
CHG can be absorbed in term neonates comparable
to those in adults and not have any significant side
effects!'®., Few studies have reported systemic
absorption of CHG in preterm infants. Milstone et
al'®*’ demonstrated that Chlorhexidine inhibits L1
cell adhesion molecule mediated neurite growth
of cerebellar granule neurons. This along with
hexachlorophene’s vacuolar encephalopathy raised
concerns regarding neurotoxicity. In the reported
studies, although CHG is detected in their bloods,
none of them have reported any side effects including
neurotoxicity or skin toxicity™*®'%®. However the
sample population in these studies did not include
extreme preterm infants and only very few babies had
their levels checked during the first 2 wk when skin
is most immature. Safety of systemic absorption in
preterm infants has not been studied in great detail
and significance of raised CHG concentrations is yet to
be determined in clinical studies.

Further research should focus on differences in CHG
absorption between aqueous and alcohol based CHG
preparations, to identify the strength of solution that
is safe and effective to be used on preterm infants,
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on potential toxicity of absorbed CHG to identify a
threshold at which this could occur.

Alcohol based preparations: Studies on systemic
absorption of alcohol in neonates following topical
antisepsis are very limited. Harpin et a/** in 1982
reported very high levels of methanol and ethanol in a
27 wk gestation baby following use of methylated spirit
on skin for antisepsis.

Iodine containing preparations: Preterm infants
are vulnerable to iodine exposure than term infants
because of increased skin permeability, immaturity
of thyroid gland and Wolff-Chaikof effect, and redu-
ced renal clearance. Smerdely et al''® reported 50
times higher urinary iodine levels, raised thyrotropin
levels above 36micromoles/L and significantly lower
thyroxine levels in 25% of infants iodine exposed (n =
36) preterm infants compared to CHG exposed (n
27) infants. In a cohort study comparing 73 preterm
infants exposed to iodine containing antiseptics against
55 exposed to CHG antiseptics, mean thyrotropin
levels were significantly higher in iodine group (15.4
mIU/L vs 7.8 mIU/L, P < 0.01)®, Khashu et a/"*”
reported hypothyroidism in an extreme preterm
infant following repeated and prolonged use of topical
povidone iodine for wound cleaning. This required
treatment with thyroxine and took 8 wk to resolve.
There are a few other studies and several case reports
of hypothyroidism following use of Iodine containing
topical antiseptics in neonates especially preterm
infants. Aitken et a/''™'! in their systematic review
reported that there is evidence of thyroid dysfunction
in preterm infants exposed to iodinated antiseptics
with an incidence ranging from 12-33 per 100 infants.
However, none of the studies reported long term
neurodevelopmental outcomes. Authors concluded that
it was not possible to establish relationship between
exposure of iodine and occurrence of hypothyroidism
due to the quality of studies included. They concluded
that use of iodine containing solutions should be
restricted in preterms with CHG being an alternative.

Octenidine containing preparations: Octenidine
when used in adults for body wash was well tolerated
and did not cause any adverse effects®®”). Bihrer et
al™® in their prospective study reported the use of
Octenidine in extreme preterm infants born before
27 wk gestation for routine skin antisepsis during
the first week. They found that Octenidine was well
tolerated with only one infant developing a transient
erythematous rash. However, phenoxyethanol was
absorbed into the systemic circulation but readily
excreted in urine. Although there were no systemic
side effects noted authors suggested using Octenidine
without phenoxyethanol combination in nheonates.
Wagner et a**? in their in vitro study on impact of
antiseptic agents on radical metabolism, antioxidant
stress and genotoxic stress in human blood cells
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compared Octenidine with PI. They reported that
PI reduced superoxide dismutase (SOD) activity by
40%, Glutathione peroxidase activity (62%) and
alpha tocopherol more than Octenidine. There were
no differences observed in Total antioxidative capacity
or malondialdehyde in ghosts. Authors concluded
that exposure of healthy blood cells to Octenidine
concentrations up to 0.05% for 30 min were safe
compared to PI.

Recommendations
CHG and Alcohol preparations have been associated
with severe local reactions, whereas Iodophors are
associated with increased risk of systemic absorption
and potential toxicity. Large studies are urgently needed
to establish the safety of topical antiseptics used in
neonates especially in preterm infants with focus
on following: (1) differentiate Aqueous or alcoholic
component of CHG as the reason for skin irritation in
preterm neonates; (2) ideal CHG concentration that
can be safely used in preterm neonates; (3) CHG
concentrations in blood and their effect on long-term
neurodevelopment outcomes; (4) isopropyl! alcohol
absorption studies and effect on short term and long
term outcomes; and (5) systemic absorption of topical
iodine containing solutions and their effects on thyroid
function and long-term neurodevelopmental outcomes.
In the meantime we recommend the following on
the basis of current evidence: (1) Extreme caution is
recommended for use of topical antiseptics particularly
alcohol based preparations in extreme preterm infants
(Level 2D); (2) Care must be taken to avoid pooling
of the solution under infant and washing with normal
saline after cleansing with topical antiseptic may
prevent severe chemical burn in extreme premature
babies (Level 2D); and (3) Povidone Iodine for skin
antisepsis should be avoided in extreme preterm
infants (Level 2C).

CONCLUSION

Skin disinfection with an effective topical antiseptic
agent could be useful in prevention of HAI. Although
many antiseptics have been used in neonates for
several decades, there is no clear guidance regarding
the best antiseptic for use in neonatal intensive
care unit. Current evidence based on their efficacy
and safety studies, does not support the use of
one antiseptic agent over another. Two large RCTs
have completed recruitment, but few more large
multicentre trials are warranted to determine the most
effective antiseptic preparation, concentration and
combination for use in neonatal skin disinfection. Large
trials are also needed to study the adverse effects of
different antiseptics, effects of systemic absorption
on developing organ systems in preterm infants with
a particular focus on long term neurodevelopmental
outcomes.
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Abstract

Nowadays metabolic syndrome represents a real
outbreak affecting society. Paradoxically, pediatricians
must feel involved in fighting this condition because
of the latest evidences of developmental origins of
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adult diseases. Fetal programming occurs when the
normal fetal development is disrupted by an abnormal
insult applied to a critical point in intrauterine life.
Placenta assumes a pivotal role in programming the
fetal experience /n utero due to the adaptive changes
in structure and function. Pregnancy complications
such as diabetes, intrauterine growth restriction, pre-
eclampsia, and hypoxia are associated with placental
dysfunction and programming. Many experimental
studies have been conducted to explain the phenotypic
consequences of fetal-placental perturbations that
predispose to the genesis of metabolic syndrome,
obesity, diabetes, hyperinsulinemia, hypertension, and
cardiovascular disease in adulthood. In recent years,
elucidating the mechanisms involved in such kind of
process has become the challenge of scientific research.
Oxidative stress may be the general underlying
mechanism that links altered placental function to fetal
programming. Maternal diabetes, prenatal hypoxic/
ischaemic events, inflammatory/infective insults are
specific triggers for an acute increase in free radicals
generation. Early identification of fetuses and newborns
at high risk of oxidative damage may be crucial to
decrease infant and adult morbidity.

Key words: Fetal programming; Oxidative stress;
High-risk newborn; Biomarkers; Perinatal medicine;
Metabolic syndrome

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The adverse outcomes on the offspring
born from altered gestation are already known. The
consequences of these perturbations have been
demonstrated even after many decades from birth.
In this review we summarize gestational conditions
associated to fetal programming and elucidate the
mechanisms involved in such kind of occurrence. We
also describe to what extent oxidative stress (OS) is
involved in a very wide spectrum of genetic, metabolic,
and cellular responses, through the gene expression

May 8,2016 | Volume 5 | Issue2 |



regulation, and cell growth modulation. By virtue of
these properties, OS has been nominated as the lowest
common denominator of adult disease programming.

Perrone S, Santacroce A, Picardi A, Buonocore G. Fetal
programming and early identification of newborns at high risk of
free radical-mediated diseases. World J Clin Pediatr 2016; 5(2):
172-181 Available from: URL: http://www.wjgnet.com/2219-2808/
full/v5/i2/172.htm DOI: http://dx.doi.org/10.5409/wjcp.v5.i2.172

INTRODUCTION

The last century witnessed the rise in chronic cardio-
metabolic diseases in which metabolic-syndrome (MetS)
represents a major health problem regarding morbidity
and mortality™. MetS is characterized by a number
of related disorders, such as visceral obesity, glucose
intolerance, disturbed plasma lipids concentration,
high blood pressure, and increased risk of develo-
ping cardiovascular diseases and type 2 diabetes'.
Smoking, high-fat diets, abdominal obesity™!, insulin
resistance'®”!, physical inactivity*®, aging, and
hormonal imbalance'” have been identified as the
main risk factors for several years.

Pediatricians have serious concerns with MetS
because adult lifestyle is not the only determinant. In
the last decades, a worldwide series of epidemiological
studies have provided evidence for the association
between perturbation of fetal environment and major
risk factors for cardiovascular disease, diabetes, and
MetS in adult life™ ™, This has been called “fetal/early
origins of adult disease” by David Barker. The hypothe-
sis predicts that environmental factors, particularly
nutrition, act in early life to program the risks for ad-
verse health outcomes later in life!®, Refinements of
this idea of “fetal programming” focus on the processes
of developmental plasticity, which in normal situations
provide the settings for homeostatic mechanisms to
ensure an adequate amount of nutrients to the most
vital organs at the expenses of other less vital organs
(the thrifty phenotype hypothesis)!'”). These changes in
phenotype can become permanent and can generate
a mismatch with adult environment that would lead to
the development of metabolic diseases in adulthood™®.
The latter phenomenon gave rise to the new concepts
of “metabolic memory”™®, “fetal primed”*”, and
“developmental plasticity”™".

The aim of this paper is to review all the gestational
conditions associated to fetal programming and
elucidate mechanisms involved in such kind of process.
Identifying a lowest common denominator could be
essential to contrive prevention strategies, treatment,
and appropriate follow-up to high-risk hewborns.

FETAL PROGRAMMING

Fetal programming occurs when the normal pattern of
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fetal development is disrupted by an abnormal stimulus
or insult applied to a critical point in intrauterine
life. Pregnancies complicated by diabetes, small for
gestational age (SGA) or large for gestational age
(LGA) offspring, pre-eclampsia and conditions such as
hypoxia, oxidative and nitrosative stress are associated
with programming. Placenta plays a key role in de-
velopmental plasticity. Vasculature and trophoblast
are both involved in overall placental transport™®?’,
Changing developmental signals or the amount of
substrate of the fetus produces an alteration of fetal
development which ultimately leads to cardiovascular
or metabolic diseases later in adult life®®*. Alterations
in placental vasculogenesis™®, trophoblast expression
of transporters®®, trophoblast enzyme activity, and
hormone production®””? occur in pregnancies complicated
by IUGR, pre-eclampsia or diabetes.

Mothers with insulin-dependent diabetes are prone
to hyperglycemia in the first trimester of gestation that
generates an up-regulation of Glutl and System A (a
sodium-dependent transporter of neutral amino acid)
in the trophoblast leading to accelerated fetal growth
in late gestation®®, The activity of System A is redu-
ced in placentas with intrauterine growth restriction
(IUGR)™**: moreover, inhibition of System A in rats
causes growth restriction®". Glut transporters function
and expression are also influenced by glucocorticoids,
which are produced by trophoblast and regulated by
the activity of 11-B-hydroxysteroid dehydrogenase
(11BHSD). Exposure of the rat fetus to excess ma-
ternal or exogenous glucocorticoids causes growth
restriction, hypertension and hyperglycaemia®**,
The trophoblast expresses 11BHSD-2 that converts
cortisol to inactive cortisone and this may protect the
fetus against high levels of maternal cortisol®*. In
humans, mutations in the 11BHSD-2 gene have been
reported in association with low birth weight. Reduced
11BHSD-2 activity and increased fetal cortisol levels
have been reported in association with IUGRP®,

Hypoxic conditions in pregnancy are strongly involved
in fetal programming. Oxygen regulates development
of the villous vascular tree and villous trophoblast
proliferation due to hypoxic regulation of angiogenic
mediators as vascular endothelial growth factor (VEGF)
and placental growth factor (PLGF). Hypoxia acts via
the transcription of hypoxia-inducible factor-1a. (HIF-1c.)
that activates gene transcription in response to varying
oxygen concentration. For example, at 10-12 wk of
gestation, the trophoblast is exposed to a hyperoxic
challenge during the transition from histiotrophic
nutrition to intervillous blood flow vascularization®®.
Low oxygen tension inhibits trophoblast differentiation
to the invasive extravillous trophoblast pathway, hence
the switch in oxygenation activates trophoblast invasion
and subjects the cell to oxidative and nitrosative stress.
A pathological increase of oxidative stress (OS) is
found in pregnancy complicated by pre-eclampsia or
diabetes™”.

On the basis of the latter consideration, in order to
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confirm the hypothesis of in utero programming process
and analyze the mechanisms involved, many authors
have conducted experimental studies throughout
various animal models of fetal programming based on
fetal insult induced by placental insufficiency, hypoxia,
maternal undernutrition, and maternal exposure to
stress and increased plasma glucocorticoids levels?®®**,

PROGRAMMING OF INSULIN
RESISTANCE, OBESITY, AND TYPE II
DIABETES

Insulin resistance may come from fetal adaptation
to an adverse intrauterine environment during a
critical period, thus leading to programming of fetal
gene expression™*, Insulin plays a central role in
fetal growth. During the first two years of life SGA
newborns are usually able to catch-up growth by
increasing their growth velocity and recovering the
weight of AGA counterparts”’, The dynamic changes
that occur during this period suggest a critical role
of adipose tissue in the development of metabolic
complications. Ibafez et a/*® stated that this early
growth, in SGA newborns, was associated with
development of central adiposity and insulin resistance
between 2 to 4 years of age. The same correlation
was found in early adulthood by Leunissen et a/*”.
Following these epidemiological data, MetS was
renamed as “the small baby syndrome™™®. This fitted
well with Hertfordshire’s findings according to which the
highest risk of cardio-metabolic diseases was in men
and women who had evidence of early-life deprivation
(considering weight at birth or in early childhood)
and who had become overweight as adults (“small
becoming big”)*", However, we currently known that
not only those subjects born with low birth weight, but
also poor maternal nutrition increase maternal weight
gain®** and that large-for-gestational age newborns
have increased metabolic risks™"..

Not only are diabetic mothers hyperglycaemic but
they also have elevated circulating lipids and amino-
acid. The fetal pancreas and liver are stimulated to
secrete increased insulin and insulin-like growth factors
that are growth-promoting hormones in the fetus.
This results in the well-described diabetic mother’s
macrosomic infant. Low-grade inflammation has been
reported to be a link between insulin resistance, obesity,
and type 2 diabetes™, Adipokines and cytokines affect
insulin sensitivity through their ability to interfere with
insulin signaling®®®; these molecules also modulate
inflammation®”. Adiponectin, which is produced by the
enhanced adipose tissue, acts as insulin-sensitizing,
antiatherogenic, and anti-inflammatory hormone®®.
Some scholar have shown that women with gestational
diabetes mellitus (GDM) express a decreased con-
centration of adiponectin and an increased level of
TNF-o and IL-6"7°%, Lihn et a/*®” suggest that this
happens due to TNF-o and IL-6 downregulation of
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adiponectin expression. Leptin, which is a hormone
produced by placenta and by adipocytes principally™,
is involved in weight gain regulation by interacting
with neuropeptide-Y in the hypothalamus'”. Beyond
its properties as appetite-suppressant agent, Leptin
is also capable of regulating lipid metabolism. Atégbo
et al®”! have shown high leptin level in mothers with
GDM and, in contrast, a reduced level of leptin in their
macrosomic children. Leptin, as pro-inflammatory
factor, may contribute to the inflammatory state dur-
ing gestational diabetes. Conversely, low leptin level
in macrosomic babies may contribute to weight gain
since leptin-deficient rodents®® and human'®! have
been shown to develop obesity. According to the
hypothesis of “Metabolic Memory”, these alterations
may permanently increase the risk of trend in high
food taking, overweight, obesity, and diabetogenic
status in offspring during adult life™”. An example of
metabolic memory is revealed by Franke et a/*” who
have shown that diabetic pregnancy in rats alters the
differentiation of the newborns’ hypothalamic neurons.
The impairment of these neurons may be avoided by
normalizing glycemia among diabetic pregnant rats®®",
This metabolic imprinting could generate an inter-
generational effect in which children risk becoming
overweight or obese post-natally. Furthermore, if the
child is female, she risks becoming diabetic during
pregnancy, thus exposing the fetus to another route of
later metabolic risk™.

PROGRAMMING OF HYPERTENSION AND
CARDIO VASCULAR DISEASE

Experimental models of fetal programming induced by
gestational protein restriction®®®®!, maternal stress®®”,
hypoxia'®®! or placental insufficiency®® demonstrate
that vascular dysfunction and hypertension are re-
lated to a marked increase in glucocorticoid (GC)
expression and/or marked decrease in the expression
of 118-HSD2. In these studies, the exposure to
exogenous GCs generates a reduction in nephron
number®, vascular dysfunction'”", alterations in
the renin-angiotensin system (RAS)Y?, disruption in
hypothalamic-pituitary-adrenal (HPA) axis”*”®, and
hypertension”””® in the litter. Reduction in nephron
number may affect the renal excretory function, thus
contributing to the fetal programming of hypertension.
However, some models demonstrate that a decrease
in nephron number is sensitive to the timing of the
insult”””?! and the early-mid nephrogenesis phase is
the most critical window to promote the maodification
in fetal kidney™. This change in phenotype may alter
the mechanisms of adaptation to renal damage in
adult life®™®82!, Otherwise other systems, which are
critical to the long-term control of blood pressure,
may contribute to program hypertension. As is
clearly known, vascular dysfunction is implicated in
the pathophysiology of hypertension'™! and plays
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a critical role in the development of cardio-vascular
(CV) disease®. Many clinical studies have observed
an impaired vascular function in healthy children with
low birth weight®>®®, thus suggesting that vascular
consequences of fetal programming may precede
the development of adult CV disease. Vascular en-
dothelial cell play a pivotal role in CV system by
producing a collection of vasoactive agents whose
functions include vasodilatation, vasoconstriction,
and vascular growth®. This axiom is confirmed by
animal models in which fetal insult, which is induced
by nutritional restriction, placental insufficiency or
hypoxia, leads to vascular dysfunction due to the
impairment of endothelium-dependent nitric oxide
(NO) availability®™®*?. During hypoxia, an imbalance
in potent vasoactive factors is generated and an
increase in total peripheral resistance is programmed,
thus contributing to the development of hypertension.
The RAS is another system strongly involved in blood
pressure regulation and CV disease programming™®.
In the rat, RAS blockage during the nephrogenic period
leads to a marked reduction in nephron number®%,
Although suppression of the RAS is observed at birth,
hypertension is established by inappropriate activation
of the RAS later in life®*®!, According to the thrifty
phenotype hypothesis, blood flow redistribution to
critical organs such as the brain and heart occurs at
the expense of other organs such as the liver, kidney,
muscles and skin, thus resulting in exposure to
hypoxia, with modifications in the hypoxia inducible
factor (HIF) pathway™'. HIF regulates several path-
ways, including the sympathetic nervous system,
via stimulation of tyrosine hydroxylase®. Numerous
models of fetal programming confirmed an increased
amount of circulating catecholamines during placental
insufficiency and gestational protein restriction®” .,
The data are supported by the evidence that renal
denervation delays the development of hypertension
in prepubertal offspring™®! and abolishes hypertension
in adult male IUGR offspring™". All these alterations
in phenotype appear to contribute to hypertension
in response to certain fetal insults, thus highlighting
the complexity of the pathways involved in the fetal
programming of hypertension and CV disease.

OS FETAL PROGRAMMING HYPOTHESIS

OS occurs when the production of free radicals (FRs)
exceeds the capacity of antioxidant defenses!®?, It
represents an imbalance between the production of
reactive species and the capacity of biological system
to readily detoxify the reactive intermediates or repair
the resulting damage.

FRs can be produced through many processes.
FR are generated primarily within the mitochondrial
respiratory chain, which is fundamental for ATP
production in mammalian cells. During the respira-
tory process, oxygen (O2) is utilized as an electron
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acceptor and completely reduced to water through
the acquisition of four electrons. Once this process is
completed through subsequent steps, radical formation
becomes possible. NO can be also a FR source because
it contains an unpaired electron in the outer orbital.

Nitric oxide synthase (NOS) catalyzes the formation
of NO. It reacts relatively slowly with Oz thus producing
the orange-brown gas nitrogen dioxide (‘NO2), a highly
reactive FR!'®*, Hypoxia-ischemia sets in motion
several pathways involving intracellular calcium release
and activation of nitric oxide synthetase leading to
increased FR generation!*®".,

Other potential endogenous sources of FRs include
inflammatory cell activation (through Nicotinamide
Adenine Dinucleotide Phosphate Reduced oxidase of
phagocytes and some endothelial cells), monoxygenase
system, nitric oxide synthase, and several other
enzymes involved in the inflammatory process!'®, The
burden of FR can be further amplified by the presence
of “free” metals such as iron, copper, and manganese
that are released from metalloprotein complexes*®.
Iron, can damage tissues by catalyzing the conversion
of superoxide and hydrogen peroxide to FR species
through the Haber-Weiss and Fenton reactions when it
is unbound to plasma proteins™”’.

Additional endogenous sources of cellular FR are
activated neutrophils, eosinophils, and macrophages!'®®.
Notwithstanding the source of FRs, they are really
dangerous because of their toxic effects that are able
to damage all cell components, including proteins,
lipids and DNA. OS may operate directly through the
modulation of gene expression or indirectly through
the adverse effects of oxidized molecules at critical
developmental windows.

Therefore, OS causes a very wide spectrum of
genetic, metabolic, and cellular responses and many
oxidative conditions are able to modulate gene ex-
pression, stimulate cell growth or cause a protective
temporary growth-arrest!'®, Necrosis is the most
extreme outcome and involves direct cell destruction.

Recently, Leal et al''*” have shown that there is
a change in the prooxidant and antioxidant defences
strictly related to pregnancy process. During pregnancy,
OS plays a major role in maternal-fetal interface insofar
as it is essential for embryo and tissue development.
Maternal diabetes, prenatal hypoxic/ischaemic events,
inflammatory/infective insults are specific triggers
for an acute increase in FRs, thus generating an
adverse intrauterine environment with impaired fetal
development!'**'*?!, Pro-0OS is also a common feature
for adverse (poor or excessive) fetal growth, preterm
birth, smoking, malnutrition, overnutrition, infection and
inflammation!****®), Consequently, OS may be the key
link underlying the programming associations between
adverse fetal growth/preterm birth and elevated risks of
chronic diseases.

The role of OS in the pathogenesis of insulin de-
pendent diabetes mellitus has been implicated in several
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studies™”*'® and there is evidence that both free-radical
production and antioxidant defences are disturbed
in Diabetes"*?!. Hyperglycemia leads to an increased
production of FRs through different metabolic pathways.
In short, hyperglycemia increases formation of ad-
vanced glycation end product (AGE) and activates the
hexosamine biosynthetic pathway, thus leading to the
formation of glucosamine-6-phosphate that competes
with glucose-6-phosphase dehydrogenase and limits the
synthesis of nicotinamide adenine dinucleotide (NAD).
As is clearly known, NAD is necessary for reduced
glutathione (GSH) rebuilding. Moreover, activation of
the polyol and protein kinase C pathways, together
with oxidases activation, may also be responsible for
increased FRs production™, Hence, end products of
abnormal glucose metabolism lead to an increased
formation of FRs. When FRs production overcomes fetal
and placental antioxidant capacity, transcription factors
(TFs) such as nuclear factor-xB, activator protein-1,
and HIF-1 are activated and lead to insulin resistance
due to the phosphorylation (inactivation) of insulin
receptor substrate-1 (IRS-1). Inhibition of IRS-1 leads
to reduced membrane translocation of glucose transport
protein as glucose transporter-4 (GLUT-4), thus
generating a reduction of glucose insulin-dependent up-
take. Moreover, FRs are able to down-regulates GLUT-4
transcription directly!*”. Consequently, extracellular
hyperglycemia occurs. However, glucose can enter all
cells virtually through insulin-independent GLUTs such
as GLUT-1 and GLUT-3. This raises intracellular glucose
concentration and enhances FRs generation, which,
again, impairs insulin and signals the establishment
of a vicious circle. TFs may also directly induce the
expression of pro-inflammatory cytokines such as
interleukin-6, tumor necrosis factor-a. or monocyte
chemoattractant protein-1 that will cause insulin
resistance. Recent studies in animal models have
observed that manipulating anti/pro- oxidant balance
in pregnancy could alter blood pressure and vascular
reactivity in rat offspring"*'*?!, Such emerging
evidence confirms that both the insulin functional axis
and blood pressure could be sensitive targets to OS
programming.

OS has been demonstrated in pregnancies with
fetal growth restriction!'*’). Fetal growth restriction
is often complicated by intrauterine hypoxia and
impaired blood flow to the fetus. Intrauterine hypoxia
may induce FRs generation and fetal OS. It has
been demonstrated that increased isoprostanes
concentrations, which are reliable markers of lipid
peroxidation in amniotic fluid, indicate fetal growth
restriction and also induce damage to amniotic
epithelium and chorioamniotic collagen. This aspect
is clarified by recent data demonstrating that F2-
isoprostanes concentrations are significantly higher in
pregnancies with premature rupture of membranes
than in normal ones***, FRs may disrupt amino acid
binding in proteins and polyunsaturated fatty acids
of the membrane lipid bilayers, thus causing cell
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dysfunction, modification of chorioamniotic biology and
predisposition to premature rupture of membranes.

By favouring intracellular release of NPBI into
plasma, asphyxia and acidosis supply redox-cycling
iron, thus predisposing to OS!*****”), NPBI leads to
the catalysis of superoxide anion (0O2-"), hydrogen
peroxide (H202), and the generation of the damaging
hydroxyl radical (OH). In presence of free iron, huge
increases in FRs generation are possible and likely to
cause tissue damage. Plasma NPBI may leak into the
brain through a damaged barrier and is particularly
damaging insofar as it is taken up by cells directly.
When NPBI gains access to the extracellular space, its
uptake by cells is enhanced by intracellular calcium and
paradoxically also by increased levels of intracellular
iron. Differentiating oligodendrocytes are particularly
vulnerable to FRs damage because they are rich in
iron, which is required for differentiation'**®..

A recent in vivo and ex vivo rat model of IUGR
underlines that delays in oligodendrocyte differen-
tiation and myelination are probably due to bone
morphogenetic protein 4 (BMP4) up-regulation indu-
ced by OS. When BMP4 expression in oligodendrocyte
increases, impaired differentiation occurs. A normal
myelination has been observed abrogating BMP
signaling™*°..

Down syndrome comes from an exceeding chro-
mosome 21 in cellular karyotype. Superoxide dis-
mutase (SOD) gene is localized on chromosome 21.
This enzyme has the capacity to detoxify cells from
superoxide anion in vivo with the participation of
catalase and glutathione peroxidase. Consequently
increased SOD production leads to high H202 gene-
ration, which can itself be toxic and also interfere with
SOD activity!**. An increased level of 8-iso-PGF2a
isoprostane, was found in amniotic fluid of pregnancies
with a Down syndrome foetus!*'!. The immature oligo-
dendroglial cells are glutathion peroxidase and catalase
deficient so overexpression of SOD can be dangerous,
instead of being protective. The early occurrence of OS
in pregnancies with trisomy 21 and their subsequent
oxidative damage as major contributing factor in brain
aging and cognitive function decline are probably due
to the overexpression of SOD, which comes from the
supernumerary chromosome. SOD is also overexpressed
in the immature brain, especially under stressful
conditions (such as hypoxia)™**.

CONCLUSION

During early life, many gestational conditions may
represent an important determinant of future heal-
th. Whereas the dominant focus of experimental
studies to date has been on defining the phenotypic
consequences of fetal-placental perturbations, the
emphasis has now shifted to determining those ini-
tiating mechanisms underlying the programming
process. The size and scope of this field has grown
to include OS as the lowest common denominator.
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During normal pregnancies, oxidants have many
physiological functions, which promote and control
cellular fate and which play a crucial role in normal
development through cellular signalling. In absence
of a parallel increase in antioxidative activity, OS will
result. Overproduction of reactive oxygen species can
lead to massive cellular damage by acting on proteins,
lipids, and DNA. This unbalance may change the
course of pregnancy and generate a cascade effect
that leads to the genesis of in utero programming of
adult diseases. It is clear that placenta is not simply a
passive participant in pregnancy supplying maternal
substrates to the fetus. It adapts to the maternal
environment and changes both its structure and
function. Placenta thus assumes an active role in
programming the fetal experience in utero that leads
to disease in adult life. Since placenta serves as barrier
against oxidative insult to maintain the homeostasis
of fetal intrauterine environment, it is plausibly that
placenta adaptation occurred in response to such
altered maternal environment may be the general
underlying mechanism that links altered placental
function to fetal programming. It can also been
hypothesized that programming process is extended
in early postnatal life for premature infants. Premature
neonates experience a hyperoxic challenge as they
have to grow up in an oxygen-rich environment post-
natally. Moreover, these biological systems are prone
to oxidative insults because of their resilience and
maturity stage at the time of insult. There could be a
different timing of insult, plausibly prenatal and early
postnatal periods are the most critical “windows” to
OS programming insults.

The challenge for the future is to develop new
effective antioxidant therapies and to demonstrate their
benefits in treatments. However, whether antioxidant
supplementation, or a diet rich in antioxidants, can
avoid consequences of OS programming in the off-
spring or not is yet to be elucidated. Longitudinal
studies evaluating the panel of OS biomarkers and
elucidating the molecular mechanisms that engender
OS in perinatal period are needed before antioxidant
therapies are accepted in clinical practice.
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Abstract

Several clinical guidelines for the management of
infants with severe neonatal hyperbilirubinemia

Roishidenge ~ WJCP' | www.wjgnet.com

recommend immediate exchange transfusion (ET) when
the risk or presence of acute bilirubin encephalopathy
is established in order to prevent chronic bilirubin
encephalopathy or kernicterus. However, the literature
is sparse concerning the interval between the time
the decision for ET is made and the actual initiation
of ET, especially in low- and middle-income countries
(LMICs) with significant resource constraints but
high rates of ET. This paper explores the various
stages and potential delays during this interval in
complying with the requirement for immediate ET for
the affected infants, based on the available evidence
from LMICs. The vital role of intensive phototherapy,
efficient laboratory and logistical support, and clinical
expertise for ET are highlighted. The challenges in
securing informed parental consent, especially on
religious grounds, and meeting the financial burden
of this emergency procedure to facilitate timely ET
are examined. Secondary delays arising from post-
treatment bilirubin rebound with intensive phototherapy
or ET are also discussed. These potential delays can
compromise the effectiveness of ET and should provide
additional impetus to curtail avoidable ET in LMICs.

Key words: Bilirubin encephalopathy; Kernicterus;
Intensive phototherapy; Laboratory services; Neonatal
care; Developing countries

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Exchange transfusion (ET) is effective in
preventing bilirubin-induced neurologic dysfunction
in infants with severe hyperbilirubinemia. However,
the timely initiation of this emergency procedure is
frequently constrained by delays at various critical
stages from the time the decision to commence ET
is made and when ET is actually conducted. These
delays must be carefully identified and appropriately
addressed in each clinical setting to minimize their
adverse impact in the provision of effective ET in low-
and middle-income countries. Intensive phototherapy
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should also be considered a priority during this interval
to minimize avoidable ETs.

Mabogunje CA, Olaifa SM, Olusanya BO. Facility-based
constraints to exchange transfusions for neonatal hyperbilirubinemia
in resource-limited settings. World J Clin Pediatr 2016; 5(2):
182-190 Available from: URL: http://www.wjgnet.com/2219-2808/
full/v5/i2/182.htm DOI: http://dx.doi.org/10.5409/wjcp.v5.i2.182

INTRODUCTION

Exchange transfusion (ET) is a definitive and effective
therapy for preventing kernicterus, usually where
intensive phototherapy is either lacking or proves to
be ineffective in arresting rapidly rising bilirubin levels
in infants with severe neonatal hyperbilirubinemia
or symptoms of acute bilirubin encephalopathy
(ABE)™?). The procedure is not risk-free however,
as it may be associated with such complications as
sepsis, electrolyte imbalance, air embolism, portal
vein thrombosis, cardiac overload, thrombophlebitis,
thrombocytopenia, necrotizing enterocolitis, and the
transmission of blood-borne diseases, even in settings
with advanced clinical care®®. Several guidelines
for the management of neonatal hyperbilirubinemia
in developed and developing countries recommend
immediate ET for infants with, or at risk of, acute
or chronic bilirubin encephalopathy®”®., This is
primarily because the timing of ET vis-a-vis the
complex interaction between the level and duration
of exposure of the neuronal cells to unbound bilirubin
crucially affects intervention outcomes'. However,
this timely goal is rarely achieved in many low- and
middle-income countries (LMICs), where excessive
rates of ET persist as a result of weaknesses in the
health-care delivery system in these locations!™®*?,
For example, it is not uncommon for a severely
jaundiced infant to first present in a hospital not
adequately equipped to provide emergency care,
including ET, and are thus subsequently referred
to a better equipped hospital'****. This experience
often results in considerable delay in providing ET™.
Several reports also suggest that delays of up to 24
h from the time the decision to carry out ET is made
and when treatment is received by the affected
infant in the same hospital are not uncommon®®****,
compared to the estimated 4-6 h in developed
countries!*®. Such delays are likely to account for
the high incidence of bilirubin-induced neurological
dysfunctions (ABE and kernicterus) and the associated
devastating consequences in many LMICs!**78],
This paper, therefore, sets out to identify commonly
reported facility-based challenges in providing timely
and effective ET in hospitals designated for such an
emergency procedure in LMICs.
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DATA SOURCES

We conducted an electronic search of PubMed,
Scopus, Ovid EMBASE, and the Cumulative Index to
Nursing and Allied Health Literature to retrieve articles
published between January 1990 and June 2015
on exchange transfusion for hyperbilirubinemia in
resource-limited countries. The search terms used were
“neonatal hyperbilirubinemia”, “neonatal jaundice”,
“exchange transfusion”, “bilirubin encephalopathy”,
and/or “kernicterus”. The terms “resource-limited”,
“resource-constrained”, and “resource-poor” countries
are used interchangeably to refer to the 91 LMICs with
a per capita gross national income (GNI) of < $6000
using the Human Development Report 2013 published
by the United Nations Development Program as
previously reported (Table 1)®**), These countries have
an average life expectancy of 63.3 years and a median
national frequency of 8.2% (inter-quartile range:
3.3%-14.6%) for glucose 6-phospho-dehydrogenase
(G-6-PD) deficiency. Only articles or reports published
from these 91 countries were reviewed. As this paper
was designed as a narrative review, no systematic
evaluation of the retrieved articles and reports was
planned.

BILIRUBIN METABOLISM AND
NEUROTOXICITY

The metabolism of bilirubin has been well described in
the literature!™®?4, Essentially, bilirubin production is a
normal process of human physiology and begins from
the degradation of heme from senescent red blood
cells (Figure 1). Once produced, bilirubin is conjugated
in the liver with glucuronic acid to form bilirubin
glucuronide. Conjugated bilirubin is then conveyed
across the canalicular membrane through the biliary
tree to the intestinal lumen for excretion. Newborns,
especially premature infants, have an immature
bilirubin conjugation and excretion system. As a
result, they have limited ability to conjugate bilirubin
and excrete unconjugated bilirubin readily. These
limitations account for an imbalance between bilirubin
production and elimination. In effect, neonatal jaundice
occurs when the rate at which bilirubin is produced
exceeds the rate of elimination, reflecting the total
bilirubin load in the body after birth, to become visible
in the skin as yellow pigment. In full-term infants,
serum bilirubin concentrations, known as physiologic
jaundice, peak at 5 to 10 mg/dL in the first three days
of life and decline thereafter to values commonly found
in adults of approximately 1 mg/dL. However, in a few
infants, serum bilirubin concentrations may become
pathologic and exceed 17 mg/dL, which is indicative
of a disorder that requires treatment. Total bilirubin
levels beyond 17 mg/dL, especially in infants with
predisposing hemolytic conditions, may lead to the
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Table 1 Low and middle-income countries with < $6000 gross national income per capita

SN Country Region Life GNI per capita Annual live Hospital G6PD
expectancy ($) births ("000) delivery (%) deficiency freq
Or)

1 Afghanistan SOA 49.1 1000 1408 33 7.4
2 Angola SSA 515 4812 803 46 15.3
& Armenia ECA 744 5540 47 99 -
4 Bangladesh SOA 69.2 1785 3016 29 3.8
5 Belize LAC 76.3 5327 8 89 22
6 Benin SSA 56.5 1439 356 87 23.0
7 Bhutan SOA 67.6 5246 15 63 59
8 Bolivia, Plurinational State of LAC 66.9 4444 264 68 0.2
9 Burkina Faso SSA 55.9 1202 730 66 9.4
10 Burundi SSA 50.9 544 288 60 7.2
11 Cambodia EAP 63.6 2095 317 54 14.3
12 Cameroon SSA 52.1 2114 716 61 12.5
13 Cape Verde SSA 74.3 3609 10 76 0.1
14 Central African Republic SSA 49.1 722 156 58] 9.2
15 Chad SSA 499 1258 511 16 134
16 Comoros SSA 61.5 986 28 14.0
17 Congo SSA 57.8 2934 145 92 22.5
18 Congo, Democratic Republic of the SSA 48.7 319 2912 75 19.2
19 Cote d’Ivoire SSA 56.0 1593 679 57 15.0
20 Cuba LAC 79.3 5539 110 100 -
21 Djibouti MEN 58.3 2350 26 87 0.8
22 Egypt MEN 73.5 5401 1886 72 -
23 El Salvador LAC 724 5915 126 85 3.3
24 Eritrea SSA 62.0 531 193 26 4.0
25 Ethiopia SSA 59.7 1017 2613 10 1.0
26 Fiji EAP 69.4 4087 18 -
27 Gambia SSA 58.8 1731 67 56 11.5
28 Georgia ECA 73.9 5005 51 98 11
29 Ghana SSA 64.6 1684 776 67 19.6
30 Guatemala LAC 714 4235 473 51 2.7
31 Guinea SSA 54.5 941 394 39 11.7
32 Guinea-Bissau SSA 48.6 1042 59 42 8.4
33 Guyana LAC 70.2 3387 13 89 3.0
34 Haiti LAC 62.4 1070 266 25 52
35 Honduras LAC 734 3426 205 67 29
36 India SOA 65.8 3285 27098 47 8.0
37 Indonesia EAP 69.8 4154 4331 55 7.1
38 Iraq MEN 69.6 3557 1144 65 10.6
39 Jordan MEN 735 5272 154 99 10.0
40 Kenya SSA 57.7 1541 1560 43 11.3
41 Kiribati EAP 68.4 3079 22 66 -
42 Kyrgyzstan ECA 68.0 2009 131 97 0.3
43 Lao People’s Democratic Republic EAP 67.8 2435 140 17 15.6
44 Lesotho SSA 487 1879 60 59 -
45 Liberia SSA 57.3 480 157 37 9.5
46 Madagascar SSA 66.9 828 747 35 194
47 Malawi SSA 54.8 774 686 73 20.8
48 Mali SSA 51.9 853 728 45 12.2
49 Marshall Islands EAP 72.3 4040 27 85 -
50 Mauritania SSA 58.9 2174 118 48 9.6
51 Micronesia, Federated States of EAP 69.2 3352 3 -
52 Moldova, Republic of ECA 69.6 3319 44 99 -
53 Mongolia EAP 68.8 4245 65 99 -
54 Morocco MEN 72.4 4384 620 73 -
55 Mozambique SSA 50.7 906 889 58 121
56 Myanmar EAP 65.7 1817 824 36 6.1
57 Namibia SSA 62.6 5973 60 81 2.8
58 Nepal SOA 69.1 1137 722 35 53
59 Nicaragua LAC 74.3 2551 138 74 15
60 Niger SSA 55.1 701 777 17 53
61 Nigeria SSA 52.3 2102 6458 35 16.9
62 Pakistan SOA 65.7 2566 4764 41 15.0
63 Palestine, State of MEN 73.0 3359 33 -
64 Papua New Guinea EAP 63.1 2386 208 52 7.4
65 Paraguay LAC 72.7 4497 158 82 32
66 Philippines EAP 69.0 3752 2358 44 25
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67 Rwanda SSA
68 Samoa EAP
69 Sao Tome and Principe SSA
70 Senegal SSA
71 Sierra Leone SSA
72 Solomon Islands EAP
73 Somalia SSA
74 South Sudan SSA
75 Sri Lanka SOA
76 Sudan SSA
77 Swaziland SSA
78 Syrian Arab Republic MEN
79 Tajikistan ECA
80 Tanzania, United Republic of SSA
81 Timor-Leste EAP
82 Togo SSA
83 Tonga EAP
84 Tuvalu EAP
85 Uganda SSA
86 Uzbekistan ECA
87 Vanuatu EAP
88 Vietnam EAP
89 Yemen MEN
90 Zambia SSA
91 Zimbabwe SSA

55.7 1147 449 69 58
72.7 3928 4 81 -

64.9 1864 5 79 7.4
59.6 1653 471 73 15.1
48.1 881 227 50 7.9
68.2 2172 17 85 22.3
51.5 150 416 9 31
75.1 5170 373 98 29
61.8 1848 1447 21 15.3
489 5104 35 80 8.7
76.0 4674 466 78 -

67.8 2119 194 88 0.8
58.9 1383 1913 50 16.4
62.9 5446 44 22 5.0
57.5 928 195 67 21.2
72.5 4153 3 98 -

67.5 5650 93 -

54.5 1168 1545 57 14.5
68.6 3201 589 97 1.0
71.3 3960 7 80 8.0
754 2970 1458 92 8.9
65.9 1820 940 24 4.6
49.4 1358 622 48 21.0
52.7 424 377 65 14.8

By world region, 42 (46%) of these countries are from Sub-Saharan Africa, 18 (20%) are from East Asia and the Pacific, 10 (11%) are from Latin America
and the Caribbean, 8 (9%) are from the Middle East and North Africa, 7 (8%) are from South Asia, and 6 (6%) are from Europe and Central Asia. These
91 countries have an average life expectancy of 63.3 years, account for 64.2% of the roughly 135 million total annual global live births, and have a median
institutionalized delivery of 65% (IQR: 43.8%-82.8%). These countries also have a median G6PD deficiency national frequency of 8.2% (IQR: 3.3%-14.6%).
GNI: Gross national income; EAP: East Asia and the Pacific; ECA: Europe and Central Asia; LAC: Latin America and the Caribbean; MEN: Middle East and

North Africa; SOA: South Asia; SSA: Sub-Saharan Africa.

movement of unconjugated bilirubin into brain cells
to cause acute bilirubin encephalopathy. Continued
exposure to free bilirubin may lead to irreversible
damage or chronic bilirubin encephalopathy. Timely
intensive phototherapy and ET can arrest this pro-
gression and prevent or minimize bilirubin-induced
mortality and long-term neurologic morbidity.

PATHWAY TO ET AND POTENTIAL
CHALLENGES IN LMICs

The facilities and techniques for undertaking ET in
LMICs have been well described in the literature!®.
The clinical criteria for initiating ET have also been
discussed in greater detail elsewhere®®??, Typically,
regardless of the total plasma/serum bilirubin (TSB)
level, a “crash-cart approach” (initiation of immediate
intensive phototherapy and fluid supplementation,
followed by ET) is recommended for infants with
early signs and symptoms of intermediate/advanced
ABE (lethargy, hypotonia, poor feeding, seizures,
opisthotonos, and impaired level of consciousness)
with or without evidence of neurotoxicity risk fac-
tors (prematurity, isoimmune hemolytic disease,
G6PD deficiency, asphyxia, sepsis, acidosis, and
hypoalbuminemia). It is also worth noting that the
clinical diagnosis of hemolytic jaundice remains a
challenge owing to the lack of advanced tests like end-
tidal carbon monoxide (ETCO), eosin-5-maleimide flow
cytometry to identify red blood cell membrane defects,
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and next-generation sequencing of relevant genes for
mutations and polymorphisms™.,

Studies describing the process from when the
decision to conduct ET has been made and the actual
execution of ET systematically were surprisingly
rare from our literature review'°****), We therefore
also relied on our practice experience spanning over
three decades in providing newborn care in a LMIC.
For example, from 2012 to 2014, approximately
120 ETs were conducted annually in our hospital,
Massey Street Children’s Hospital in Lagos, which is
the oldest children’s hospital in Nigeria®!. Typically,
in most clinical settings, once the need for ET has
been established by the resident physician and the
consultant, the typical steps to ET can be summa-
rized as shown in Figure 2. The delays that may be
encountered at any of these stages are described as
follows:

Providing intensive phototherapy preparatory to ET

Effective phototherapy has been shown to reduce
the need for ET in several studies'” ™", An effective
phototherapy device should produce specific blue-light
wavelengths (peak emission: 450 £ 20 nm), preferably
in a narrow bandwidth to about 80% of an infant’s body
surface area®., The light source may be fluorescent
tubes, halogen lamps, or light emitting diodes. Whatever
the light-source, conventional phototherapy should have
an irradiance of at least 8-10 pW/cm’ per nanometer,
and intensive phototherapy should have an irradiance
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Figure 1 Metabolic pathway of bilirubin neurotoxicity. ABE: Acute bilirubin encephalopathy.

of = 30 pW/cm? per nanometer (from either a single
or multiple phototherapy units). The lack of effective
phototherapy in many hospitals has been reported in
several studies'®?%, In one survey from Nigeria, for
example, the vast majority (94%) of 63 phototherapy
devices tested in twelve referral-level hospitals delivered
irradiance of < 10 uW/sz per nanometer and none
were = 30 uW/cm’ per nanometer™>,

Ineffective phototherapy is frequently attributed to
erratic power supply, inadequate skin exposure (due
to overcrowding from multiple infants being placed
under a single device), sub-optimal irradiance levels,
and poor device maintenance. A lack of intensive
phototherapy during the waiting period for ET often
results in a high incidence of kernicterus prior to ET
and ultimately compromises the effectiveness of
ETM, It is therefore not surprising to find adverse
neurodevelopmental outcomes post-ETH*83731 To
ensure effective phototherapy, it is essential that the
devices are properly monitored, regularly maintained,

Raishidenge ~ WJCP' | www.wjgnet.com

186

and that the staff are well trained to provide the best
possible care for the affected infants preparatory to
ET. The potential use of filtered sunlight phototherapy
is currently being piloted and holds promise in tropical
LMICs where effective conventional electric blue-light
phototherapy devices cannot be routinely assured™®*%,

The administration of intravenous fluid supple-
mentation should be considered for infants with
evidence of dehydration, especially as a result of late
presentation. This intervention has been found to
decrease the need for ET by up to 70% without any
long-term adverse effects'*". Similarly, the use of
intravenous immunoglobulin may be helpful in reducing
the need for ET in infants with isoimmune hemolytic

jaundice!*,

Obtaining informed consent and blood samples

Information on grouping and cross-matching, as
well as baseline investigations such as full blood
count, sodium, potassium, calcium, TSB, magne-
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Place baby under intensive phototherapy and determine need for fluid supplementation and intravenous immunoglobulin

Obtain informed consent from parents or legal guardians

Collect blood from mother and baby for essential laboratory tests

Send blood samples to the laboratory for immediate grouping, cross-matching and baseline investigations

Prepare treatment room and equipment for exchange transfusion

Monitor infant's plasma/serum bilirubin level under intensive phototherapy while awaiting laboratory results

Collect cross-matched blood and re-confirm plasma/serum bilirubin level before initiating exchange transfusion

€E€ECECECK

Figure 2 Sequence of events and sources of potential delays following the decision to initiate exchange transfusion.

sium and glucose, are required before initiating ET.
Ethical considerations forbid blood or blood product
transfusion without informed consent. However, delay
in getting informed consent because the mother is
not available, (due to death, critical illness, or being
in another hospital) or the person with parental right
is unavailable is not uncommon!®. Delay may also
be encountered in trying to convince parents who
are reluctant to give consent on religious grounds™".
Additionally, the mother’s blood may not be available
in time, owing to critical illness or the mother being
admitted to another hospital. Difficulties may also be
encountered where the mother is unavailable due to
premature death. These potential sources of delay
should be anticipated and addressed appropriately.
It is important that prenatal maternal education be
considered, especially in settings where religious
beliefs are likely to delay consent for ET.

Transportation of blood samples to and collection of
cross-matched blood from the laboratory

The volume of requested blood will depend on the deci-
sion for a single (estimated blood volume x baby’s
weight in kilograms) or double volume (estimated blood
volume x 2 x baby’s weight in kilograms) ET. Given the
wide prevalence of G6PD deficiency in many LMICs, it
is not uncommon for centers to have a standing rule for
double-volume ET that removes 85% of the infant’s red
blood cells with up to 50% TSB decline and a potential
rebound to two-thirds pre-exchange level, effectively
removing one-third pre-exchange TSB level™. However,
failure to request the right amount of blood is not
unusual and often results in a delay or wastage. In
fact, it is more common to find clinicians over-ordering
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just to be assured of the availability of sufficient blood.
This often results in wastage of blood and remains a
potential source of friction between clinicians and the
laboratory personnel™,

Getting blood samples to the laboratory may
be challenging where the functional laboratory and
blood bank are outside the immediate vicinity of the
hospital, as frequently encountered in many LMICs.
Laboratories are often centralized to serve diverse
requirements from multiple clinical units. Information
from the lab may therefore be difficult to track. Where
the laboratory is accessible, hospital personnel may
not be immediately available, due to shortage of staff,
to collect the blood as soon as the laboratory sends
information to the ward that it is ready. To facilitate
efficient communication with laboratory personnel, it is
important to designate somebody for this task well in
advance, if possible.

Preparing room and equipment for ET

The ET room must be warm and ready with essential
items for the procedure, such as IV infusion pump,
arterial line pack, blood warmer, and protective
goggles, as well as automated monitors for cardiac,
blood pressure, oxygen saturation, and respiratory
function. Emergency trolley and suction equipment
with appropriate catheters should be checked, stocked,
and nearby. Many of these items may not be readily
available and a significant number of critical items
may also have to be purchased by the infant’s family.
Where there is no designated room for ET, a suitable
area has to be identified and screened off for the
procedure. The need for infection control and keeping
the baby warm must be considered.
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Timely availability of laboratory results

In most hospitals, all laboratory services are cen-
tralized, implying that requests from ET personnel,
even when urgent, have to be queued on arrival
with other urgent requests. Laboratories in LMICs
encounter several challenges that compromise their
efficiency in achieving optimal turn-around time on
the various requests for special investigations. These
include inadequate and not up-to-date facilities,
inadequate personnel, inadequate stock of blood,
and, occasionally, inadequate blood samples for the
required investigations.

Screening donor blood for hepatitis and human
immunodeficiency virus is standard in many LMICs,
but tests for G6PD status, cytomegalovirus (CMV),
and malaria are often excluded, especially in regions
where malaria is endemic. This may lead to using
G6PD-deficient, CMV, or malaria-packed blood for ET.
The use of G6PD-deficient blood has been associated
with recurrent hemolysis and rebound TSB that often
leads to repeat ET'**. In the absence of blood warmer,
the added time interval required to warm blood to
body temperature may also prolong waiting time.
Most laboratories lack diagnostic facilities for hemolytic
disorders of newborns, and this frequently delays
effective treatment for the affected infants.

A shortage in the number of laboratory personnel
available to perform all the necessary laboratory
analysis is also an important source of delay. A
laboratory scientist who is in charge of carrying out
the grouping and cross matching of blood for ET may
be simultaneously engaged on other benches. This
situation often leads to delays in issuing out blood for
ET. Additionally, if the request for cross-matching gets
to the laboratory very late in the day, call personnel in
charge of several benches may have to be called in for
grouping and cross-matching.

Blood samples from the baby may also be insuf-
ficient. Laboratory staff often complain about very
small blood samples from the baby because of the
method of grouping and cross-matching. A follow-
up request for more blood from the laboratory causes
further delay. The choice of blood, especially when the
mother’s blood is not available, may also compound
the problem. In situations where the mother is
dead or critically ill, the best blood for ET is fresh O
Rhesus “D” negative blood, but this is very scarce.
Fresh whole blood less than 48 h old and not more
than five days old is preferred for ET. However, since
this is unattainable in most cases, the consequence
is another delay in ET!**. All blood donors should
be voluntary according to internationally laid down
guidelines, but blood banks in many LMICs find it
difficult to convince individuals to donate blood. The
end-result is delayed ET for newborns at risk of ABE/
kernicterus while the perennial problem, of insufficient
blood in the blood bank, persists. If the blood group
that is compatible with the newborn and the mother
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is not available in the blood bank, other blood banks
will have to be contacted, and this may extend to days
before the compatible blood unit becomes available.
The packed cell volume (PCV) of the donor blood is
not expected to be less than 40% for male donors and
38% for female donors. However, the lack of adequate
blood supply to blood banks often accounts for the
reluctance of blood banks in rejecting donors with low
packed red blood cell volume. Performing ET with low
PCV donor blood is sub-optimum, leading invariably to
additional transfusion with packed red cells.

TSB monitoring and re-confirming need for ET
Availability of real-time TSB measurement is
imperative, but seldom achieved due to of the lack
of a functional side laboratory with bilirubinometers
in many neonatal intensive-care units. As a result,
TSB monitoring still has to rely on sending blood
samples to the main designated hospital laboratory
for analysis. Even when intensive phototherapy is
provided, the need for ET may be contingent on
several factors, including accurate knowledge of the
risk status of the infant and the presence of hemolytic
disease. Where ET is successfully avoided as a result
of the provision of effective phototherapy, the result is
often unutilized blood from the blood bank. While this
pattern is desirable and unavoidable, it has the impact
of depleting the blood bank and causing unnecessary
delay in meeting future requirements for ET. It is
important to be alert to the likelihood of TSB rebound
after otherwise successful intensive phototherapy,
especially in infants with hemolytic jaundice. Lack of
close monitoring of the affected infants may result in
initially withholding ET, only for it to be later required.
Failure to recognize the possibility of declining TSB
level following intensive phototherapy coincident with
the clinical onset of kernicterus could also be a source
of potential delay™!. It is important to view such a
decline as a prognostic sign for neurologic dysfunction,
rather than a sign of clinical improvement, before or
after phototherapy.

The ET procedure itself seeks to remove or reduce
circulating antibody-coated red blood cells and/or
products of hemolysis in various immune or non-
immune hemolytic anemias and other red cell enzyme
deficiencies. This is accomplished by repeatedly
exchanging small samples (5-10 mL/kg) of blood
via an arterial catheter and replacing simultaneously
with fresh donor blood providing fresh albumin with
binding sites for bilirubin by continuous infusion
into a peripheral or central vein. The procedure can
typically last between 2 to 4 h depending on the choice
between single or double volume ET.

Limited skill by clinicians can result in further delays.
For example, inability to cannulate the umbilical vein
and leakage of blood between the catheter and umbilical
vein may unduly prolong the procedure. Difficulties may
also be encountered in withdrawing blood in spite of
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the apparently successfully introduction of an umbilical
catheter™®,

OTHER CONSIDERATIONS AND WAY
FORWARD

Post-ET monitoring is necessary because of the like-
lihood of repeat ET after a rebound of high TSB level
due to unrecognized hemolytic disease, with potential
secondary delays®®****, Not all attending clinicians
in emergency situations are skillful in providing ET,
even where facilities are available, and this may
result in delays in getting a suitable individual when
all preparations have been made. In settings where
ET is infrequent, lack of expertise may be a source
of delay, especially when referral to another hospital
becomes imperative™”. Lack of a clearly-defined
protocol or failure to adhere to an existing protocol is
likely to cause delay as a result of communication gaps
among team members. Where ET protocol requires
the express approval of a consultant before execution
by attending junior physicians, this may result in more
potential delays. When more than one infant requires
urgent ET and resources are limited, identifying and
prioritizing the infant(s) most at-risk of kernicterus
may also inevitably result in delay for some infants.
Additionally, inadequate support staff may be a source
of delay in providing seamless communication with the
laboratory and/or a skilled assistant for the procedure.
In some settings, patients may be required to bear
the costs of the laboratory investigations requested
by the attending physicians, especially in private
hospitals’*, Inability to meet such expenses is also a
potential source of delay in providing timely ET*!.

The nature and scope of these delays are likely to
vary within and across LMICs. Perhaps the overarching
implication of these challenges is the impetus to avoid
ET as much as possible by facilitating early presentation
and timely provision of effective/intensive phototherapy,
as well as investment in functional, readily accessible,
and appropriately staffed laboratories in all hospitals
that offer emergency care for newborns. Side laboratory
with facilities for real-time bilirubin measurements
should be made available in all neonatal units. Education
of mothers and caregivers on the value of timely
presentation and intervention in preventing bilirubin-
induced mortality and long-term neurodevelopmental
disorders should be routinely offered during antenatal
visits. There is also a need for better communication
and understanding between clinicians and laboratory
personnel, especially with regards to the challenge of
minimizing wastage of blood due to over-ordering™*.

While the focus of this review is primarily to serve
the needs of clinicians in LMICs, the emerging and
rising profile of global child health makes the topic also
relevant to clinicians in the developed world.
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CONCLUSION

ET is widely embraced as an effective treatment for
infants with, or at risk of, bilirubin-induced neurologic
dysfunctions (ABE and kernicterus) in LMICs. However,
several potential delays are associated with the various
critical steps prior to the initiation of ET after the need
for this emergency procedure has been established.
Efforts to minimize these delays, including efficient
laboratory and logistical support, are imperative in
ensuring timely and efficacious ET. Timely, effective,
and intensive phototherapy should also be routinely
provided to curtail the prevailing high rates of avoidable
ET in LMICs.
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Absiract

AIM: To hypothesize a dedicated critical care nurse
practitioner (NP) is associated with a decreased length
of stay (LOS) from a pediatric chronic ventilator
dependent unit (PCVDU).

METHODS: We retrospectively reviewed patients
requiring care in the PCYDU from May 2001 through
May 2011 comparing the 5 years prior to the 5 years
post implementation of the critical care NP in 2005.
LOS and room charges were obtained.

RESULTS: The average LOS decreased from a median
of 55 d [interquartile range (IQR): 9.8-108.3] to a
median of 12 (IQR: 4.0-41.0) with the implementation
of a dedicated critical care NP (P < 1.0001). Post
implementation of a dedicated NP, a savings of
25738049 in room charges was noted over 5 years.

CONCLUSION: Our data demonstrates a critical care
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NP coverage model in a PCVDU is associated with a
significantly reduced LOS demonstrating that the NP
is an efficient and likely cost-effective addition to a
medically comprehensive service.

Key words: Nurse practitioners; Length of stay; Cost
effective health care; Ventilation; Pediatrics

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: This is a retrospective study to review the
care of patients requiring care in the pediatric chronic
ventilator dependent unit from May 2001 to May
2011 comparing the 5 years prior to the 5 years post
implementation of the critical care nurse practitioner
(NP) in 2005. The average length of stay decreased
from a median of 55 d [interquartile range (IQR):
9.8-108.3] to a median of 12 (IQR: 4.0-41.0) with
the implementation of a dedicated critical care NP (P
< 0.0001). Post implementation of a dedicated NP, a
savings of 25738049 in room charges was noted over 5
years.

Rowan CM, Cristea Al, Hamilton JC, Taylor NM, Nitu ME,
Ackerman VL. Nurse practitioner coverage is associated with
a decrease in length of stay in a pediatric chronic ventilator
dependent unit. World J Clin Pediatr 2016; 5(2): 191-197
Available from: URL: http://www.wjgnet.com/2219-2808/full/
v5/i2/191.htm DOI: http://dx.doi.org/10.5409/wjcp.v5.i2.191

INTRODUCTION

Transitioning children with chronic ventilator de-
pendence delivered through a tracheostomy to
their home environment reduces costs, enhances
their quality of life, and helps with integration back
into their families and communities™. Especially for
children, the hospital is not an ideal location to aid their
physical and psychological development®?!, However,
children with chronic ventilator dependence present
unique challenges to discharge planning. In 1998,
the American College of Chest Physicians estimated
that 10000 to 20000 people were receiving assisted
ventilation at home!'!. This number will most likely
continue to grow. One study found that pediatric long
term ventilation discharges had increased 55% between
2000 and 2006™. As the number of patients with home
mechanical ventilation increases, their hospital length
of stay (LOS) has a multifactorial impact on healthcare
usage. These patients have multiple medical problems
making medical discharge progress slow. In fact, this
group has been shown to have a significantly longer
LOS™. Families require considerable education and
training, specifically in tracheostomy care and ventilator
management. The training process and transition to
the home environment can be very overwhelming

Roishidenge ~ WJCP' | www.wjgnet.com

192

for families™®. Social, insurance and financial issues

can delay discharge. Previous studies have shown the
addition of a nurse practitioner (NP) to various types of
medical care teams significantly reduced the hospital
LOS" ™, We hypothesize that a dedicated critical care
NP would decrease the LOS in a pediatric chronic
ventilator dependent unit (PCVDU), thus significantly
impacting hospital costs.

MATERIALS AND METHODS

Study design

Charts were retrospectively reviewed for all patients
who required care in the PCVDU from May 2001
through May 2011 to determine the effect of the
critical care NP on LOS. This study was done at a
large quaternary care pediatric hospital. In May of
2005, a dedicated pediatric nurse practitioner with
critical care services was added to the care team for
these patients and in October of 2008, an additional
pediatric nurse practitioner was hired enabling
daily NP coverage of the PCVDU. The NPs received
additional training on managing chronic ventilation
from the physician director of the Home Ventilator
Program via both lectures and bedside instruction.
Prior to the introduction of the NPs, the patients were
covered only by the attending physician, who was
also responsible for the medical care of an additional
pediatric intensive care unit. The NPs were involved
in the care of all patients requiring mechanical
ventilation. They rounded on the patients, helped to
formulate care plans for the day, discussed care plan
with consultants, participated in care and discharge
conferences, and updated families. Their main
responsibility was coverage of the PCVDU. They were
first line responders for questions from bedside nurses
and respiratory therapists (RTs) throughout the day.
They modified the plan and initiated orders as needed.
Outside of the PCVDU, the NPs served as members of
the rapid response and cardiopulmonary resuscitation
teams, as well as provided assistance in the pediatric
intensive care unit (PICU) as able. The same two NPs
were present throughout the study period offering a
better continuity of care and, therefore, facilitating
ventilator weaning. The pediatric home ventilator
program discharge criteria and training closely follows
the American Thoracic Society guidelines. Bedside
nurses and RT dedicated to this unit trained the family
in the child’s daily care and home ventilation.

Patients in the PCVDU were also co-managed by
the developmental pediatrics team. This team was
responsible for addressing developmental concerns,
rehabilitation therapies, nutrition, and arranging
outpatient follow up. The developmental team included
a pediatric nurse practitioner during the week and
resident coverage overnight and on the weekends.
The staffing model for the developmental team was
unchanged during the study period.
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Table 1 Comparison of admissions: 5 years before and after

nurse practitioner coverage

Pre NP coverage Post NP coverage

158 311
10493 8812
55d 12d

(IQR: 9.8-1083)  (IQR: 4.0-41.0)

Total number of admission
Average annual patient days
Median length of stay

NP: Nurse practitioner; IQR: Interquartile range.

We compared the five years prior to the imple-
mentation of the critical care NPs to the five years
post implementation. Also, the time with partial NP
coverage was then compared to daily NP coverage.
Partial coverage was defined as 5 d (approximately
40 h) per week, with the remaining days covered by
the attending physician alone. Full NP coverage had a
critical care team NP involved in the patient care every
day. The NP coverage was only available during the day
throughout the study period. The critical care attending
physician managed the children overnight. PCVDU LOS,
diagnosis, and disposition at discharge were collected.
Diagnoses were grouped into seven categories based
on the most common diagnoses admitted to our
PCVDU: Bronchopulmonary dysplasia (BPD), neurologic
disorders, multiple congenital anomalies, congenital
heart disease, congenital diaphragmatic hernia,
traumatic injury, and miscellaneous.

The financial data for bed/room charges alone
was obtained from hospital accounting and did not
include physician fees, therapy charges, medications,
radiologic studies, or equipment. Room charges
were all adjusted for inflation based on 2011 room
charge values. Cost-effectiveness was determined by
comparing room charges pre and post implementation
of an NP.

Our PCVDU is a six bed unit dedicated to the care
of children requiring long term mechanical ventilation.
The majority of patients developed chronic respiratory
failure within the same hospital admission and sub-
sequently required home mechanical ventilator
support through a tracheostomy. It comprises a
variety a patients with the majority being neonates
with BPD, but older children with neurologic, con-
genital anomalies, cardiac conditions and traumatic
injuries are also admitted to this unit. The majority
of the admissions are transfers from the neonatal
intensive care unit. As such, the families require a
comprehensive home mechanical ventilation and
tracheostomy education program. Patients admitted
to this unit are patients that have been decided to
need chronic ventilation via a tracheostomy and have
been determined to be safe outside of the PICU.
Active ventilator weaning, adjustments and transitions
to a home ventilator occur in this unit. Any form of
ventilation, i.e., full mechanical support to CPAP is all
via tracheostomy. Seldom, when there is a significant
shortage of critical care beds, children that have
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already undergone the initial training are admitted
to this unit for other medical or social concerns. The
vast majority of patients that have home ventilation
and return to the hospital for any reason are admitted
to the general PICU service and not the chronic ven-
tilation unit.

Descriptive statistics are given by medians and
interquartile ranges (IQRs) for continuous variables. To
determine differences between groups, Mann-Whitney
U test and the Kruskal-Wallis test were used for
continuous variables. Chi squared analysis was used to
determine P values for categorical variables. All analytic
assumptions were checked to ensure proper outcome
reporting. Associations were considered significant at
a P-value of < 0.05. We used Statistical Package of the
Social Science (SPSS) Statistical software for Windows,
Version 20.0 (SPSS Inc., Chicago, IL, United States)
and Microsoft Office Excel (Microsoft Corporation,
Redmond, WA).

RESULTS

There were 469 admissions identified over the 10 year
study period. The admissions’ characteristics before
and after beginning of NP coverage are described
in Table 1. Demographics for these patients are as
follows: The pre-NP coverage group was 38.6% female
compared with 46.3% in the post-NP coverage group (P
= NS). The pre-NP coverage group had a median age
of 6 mo (IQR: 4-12) while the post-NP coverage group
had a median age of 12 mo (IQR: 5-30) (P < 0.001).
The decrease in the average LOS pre- and post-NP
was significant with a P value < 0.0001 (Figure 1).

Daily NP coverage was provided for 200 of the 311
admissions with dedicated critical care NP involvement.
The remaining 111 patients had NP coverage 5 d a
week. When comparing partial NP coverage to daily
NP coverage, there was once again a statistically
significant decrease (P < 0.0001) from median 27.5
d (IQR: 7.75-75.25) to median 8 d (IQR: 3.0-28.0)
(Figure 2).

There were seven diagnosis groups: BPD, neurologic
disorders, multiple congenital anomalies, congenital
heart disease, congenital diaphragmatic hernia, trau-
matic injury, and miscellaneous. BPD was the most
common. Table 2 displays the total number of patients
admitted with each diagnoses over the 10 year study
period.

When comparing the LOS pre- and post-imple-
mentation of the critical care NP by diagnosis, we
found a statistically significant decrease in several
categories including BPD, congenital anomalies,
congenital heart disease, and the miscellaneous group
(Table 2).

We also investigated the disposition at discharge
and compared the LOS pre- and post-NP. The
dispositions at discharge were either to home, general
pediatric ward (if the patient no longer required
chronic ventilator support), an extended care facility,
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Table 2 Number of admissions and median length of stay with interquartile range for each diagnosis over the 10 year study period,

comparing pre and post nurse practitioner

Diagnosis Total Admissions Admissions Length of stay (d) Length of stay (d) P value for length of
admissions pre-NP post-NP pre-NP post-NP stay
Bronchopulmonary dysplasia 140 61 79 68.0 (11.0-111.0) 18.0 (3.0-67.0) P <0.001
Neurologic disorder 119 35 84 19.0 (4.0-50.0) 12.0 (4.0-28.5) P=0.246
Multiple congenital anomalies 94 28 66 62.5 (16.0-126.5) 10.5 (5-32.8) P =0.005
Congenital heart disease 50 18 32 72.0 (47.5-138.8) 9.0 (2.3-18) P <0.001
Congenital diaphragmatic hernia 15 10 3.0 (1.0-107.0) 22.5 (8.5-37.8) P =0.902
Trauma 10 1 9 2.0 (2.0-2.0) 23.0 (4.0-40.0) Could not be assessed
Miscellaneous 41 10 31 45.5 (13.8-98.3) 11.0 (5.0-39.0) P=0.017

Values are displayed as medians and interquartile ranges. P values obtained from Kruskal-Wallis test. NP: Nurse practitioner.

Median length of stay
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Figure 1 Median length of stay. In the figure above, the length of stay in days is plotted out over the course of the study from 2001 to 2010. The addition of partial
NP coverage began in 2005 when the length of stay was highest. Daily NP coverage began in 2008. NP: Nurse practitioner.
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Figure 2 Percentage of bed charges during the length of the study. Over
the course of our study, the average room charge per patient stay decreased as
the dedicated NP was introduced into the PCVDU. The addition of the NP did
not add specific charges as their services were bundled into the hospital and
physician charges. NP: Nurse practitioner; PCVDU: Pediatric chronic ventilator
dependent unit.

a rehabilitation facility, an outside hospital (a local
community hospital closer to the family’s home),
the pediatric intensive care unit, or death. Table
3 illustrates the number of admissions and their
disposition at discharge.

The majority of patients were discharged to home.
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Readmission to this unit is exceedingly low. When
chronic ventilation patients return to the hospital,
they are admitted to the PICU for acute issues to be
resolved. Comparing LOS for these patients discharged
home pre- and post-NPs, we found a significant
decrease. Table 3 compares LOS pre- and post-NPs for
each disposition at discharge.

The average room charge per patient stay
prior to the NPs was approximately 188437. This
charge decreased to approximately 105678 post
implementation of the dedicated critical care NP. This is
a savings of 82759 for room charges alone per patient
per stay. Taking this average savings per patient,
25738049 were saved in room charges over the 5 year
period since the start of a dedicated NP to the PCVDU
(Figure 2). The NP did not add specific charges to the
care of these patients as their services are bundled
within the hospital and physician charges.

DISCUSSION

This study demonstrates a decrease in LOS in a
PCVDU with the addition of dedicated critical care NP
coverage. The mean LOS was reduced by over 75%
(median 55 d compared to 12 d). Our results are
similar to other studies showing that that the addition
of a NP reduces LOS in trauma patients®*®. Our most
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Table 3 Disposition at discharge from the pediatric chronic ventilator dependent unit

Disposition Total number No. of No. of Length of stay (d) Length of stay (d) P value
of admissions  admissions admissions pre-NP post-NP
pre-NP post-NP

Home 339 105 234 68 (14.0-112.5) 14 (4.0-48.0) P <0.0001
General ward 32 14 18 135 (2.5-124.3) 4(1.8-7.3) P=005
Extended care facility 19 4 15 37.5 (2.0-148.0) 5 (3.0-24.0) P=0.84
General rehabilitation facility 3 1 2 27 (27.0-27.0) 29 (25.0-29.0) Could not be assessed
Outside hospital 6 4 2 74 (15.0-105.3) 19 (16.0-19.0) P=0.36

PICU 60 25 35 19 (9.5-49.5) 12 (5.0-43.0) P=0.35

Death 10 5 5 35 (22.0-62.0) 13 (2.0-23.0) P=0.05

A comparison of admissions and length of stay pre and post implementation of the start NP coverage. Values displayed are Medians with interquartile
ranges. P values obtained from Kruskal Wallis test. NP: Nurse practitioner; PICU: Pediatric intensive care unit.

recent LOS with daily NP coverage (mean 19.82 d) is
now below the reported mean LOS of 26.1 d obtained
from a multicenter database'. The addition of NPs
to the medical team has also been linked to shorter
emergency department LOS and improved patient
flow™ 3, Adult literature shows a one day reduction in
LOS with the addition of a NP to the team™, Our study
provides one of the first accounts of the association of
a NP on LOS in a PCVDU.

A limitation of this study is that it is difficult to
retrospectively determine other factors affecting LOS.
The pre-NP median patient age and post-NP median
patient age are significantly different. This could have
affected LOS in the post-NP group. One may consider
that discharging an older ventilator dependent child
may be easier. An older patient may reach acceptable
ventilator settings for home more expediently and/or
be generally more stable. These factors may have
contributed to shorter LOS.

Some factors that may have affected LOS were
minimized. There were no changes in physician groups
or physician staffing that provided care for these
patients except for the addition of the dedicated NP.
We are reporting one institution’s experience and
practices may be different at other institutions. The
same medical director and clinical nurse specialist of
the home ventilator program were involved with the
program for the entire study period.

It also would have been beneficial to have
family surveys to describe their experience in the
PCVDU before and after the implementation of the
NPs to describe improved family satisfaction. While
we speculate the acuity of illness was increasing
throughout the study period and feel this is supported
with the increasing amount of critical care charges
noted in our PCVDU, we do not have acuity scores to
further confirm this speculation.

Another limitation relates to the lack of description
of total hospital LOS. Changing admission criteria or
longer neonatal or pediatric intensive care unit stays
prior to PCVDU may affect LOS. The total hospital
LOS in our institution would likely be skewed by the
prolonged variable neonatal course many of these
patients have prior to being admitted to the PCVDU. A

WJCP | www.wjgnet.com

JBaishideng®

195

trend toward higher acuity in this unit, supported by
the increasing number of critical care charges, may
imply that we are admitting patients sooner to the
unit. One would expect this to increase LOS, but we
actually found a reduction.

The decrease in LOS by the addition of the NPs
is likely multifactorial. The addition of a dedicated
practitioner allowed for closer monitoring and prompt
implementation of necessary ventilator and medication
adjustments. This facilitated faster adjustments,
allow the patient to more rapidly reach a medically
stable state suitable for home. This is evident when
examining the LOS pre- and post-NPs for patients
discharged to an extended care facility where family
education is not imperative. The dedicated NPs
also improved coordination of care within our unit,
especially with plans surrounding discharge. The NPs
could ensure that the proper inter-professional staff,
such as social work, nursing, and home care, had all
been contacted in a timely fashion when the patient
was nearing discharge. This dedicated coordination
of care is essential in the successful discharge of
ventilator dependent patients**!, The NP had dedicated
time to address concerns regarding family education
and training and could be a sounding board for families
in stressful situations. They also provided a consistency
of care that likely contributed to the reduction in LOS.
This is illustrated in our dramatic reduction in LOS for
patients who are discharged to home.

This impact on LOS was consistent across
diagnoses with the most impressive reduction noted
in children with BPD. This is important in our particular
population where BPD was the most common
underlying diagnosis. While there have been advances
in the care of BPD, the most significant advance
was the use of surfactant. Our study period takes
place after surfactant became a standard of care.
Nevertheless, it is likely that advances in modern
medicine have contributed to the reduction in LOS
that we found in this study. However, the significant
drop in LOS despite underlying diagnosis makes it
unlikely that this is due to advances in medical care
alone. Undoubtedly, we have made some medical
progress for many of the underlying diseases seen
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in our population. Also, with the advancements in
technology and increased insurance/hospital costs,
the general trend has led to parents caring for sicker
children at home™®. These factors alone are unlikely
to be a cause of the significant reduction in LOS.
Examining Figure 1, it is noticeable that there has
been a trend toward decreasing LOS through the study
time period; however, there is a sharp decline around
the time of the introduction of partial NP coverage,
and another sharp decline around the time of full NP
coverage. However, from 2001 to 2003, there seems
to be a trend toward increasing LOS. We venture
this is secondary to increasing patient acuity. This is
supported by a shift in bed charges from floor charges
to progressive care charges to critical care charges.
This trend toward higher acuity continued even
throughout the implementation of the NPs.

We also noted a decrease in LOS across dispo-
sitions at discharge, with the most notable being
disposition to home. Since the majority of our patients
are discharged to home, this has the greatest overall
effect on our LOS. We did not find a change in the
LOS in those patients that went to the PICU or those
that died. This is not surprising. We would not expect
a change in the LOS of either of these dispositions. If
the child is going to need a higher level of care, this
will happen regardless of the presence of an additional
member to the team. The latter half of the study
period noted an increase in the disposition to a general
rehab unit. This correlates with the accreditation of our
hospital as a level 1 trauma center causing our patient
population to slightly change. The small humber of
deaths in the unit is generally parental decisions to
withdraw support and are probably unaffected by the
presence of a dedicated NP.

Our cost savings data is striking. By the addition
of full NP coverage for this chronic ventilation unit,
we found an estimated reduction in hospital charges
over a 5 year period of almost $26 million dollars.
This has been accomplished despite an increase in
acuity of illness that has led to a shift from progressive
care charge to critical care charge, as is illustrated
in Figure 2. The above mentioned reduction reflects
room charges alone. This financial analysis does not
include physician fees, therapy charges, medications,
or equipment, which may significantly increase
cost savings. There may also be other cost savings
advantages by reducing LOS. We speculate that a
shorter LOS correlates with decrease in the risk of
hospital acquired infections. In addition to patient
morbidity and mortality, catheter associated blood
stream infections, catheter associated urinary tract
infections, and hospital acquired pneumonia all have
a significant cost burden on the healthcare system.
It is also likely that a shorter LOS improves patient
satisfaction. These findings would be important to
validate at other pediatric chronic ventilation units.
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Background

As the hospital is not the ideal location to aid in the physical and psychological
development of children, it is greatly important to transition the child with chronic
ventilator dependence delivered via a tracheostomy to their home environment.
While the transition reduces costs, enhances the quality of life and places the
child with their loving support network, the discharge of this population from the
hospital requires advanced planning due to the unique challenges they present.
In this study, the authors hypothesized that a dedicated critical care nurse
practitioner (NP) would decrease the length of stay (LOS) in a pediatric chronic
ventilator dependent unit.

Research frontiers

Prior to the introduction of the dedicated NP in the pediatric chronic ventilator
dependent unit (PCVDU), each patient was covered only by the attending
physician who was also responsible for the medical care of an additional
pediatric critical care unit, limiting the time the physician could dedicate to the
successful transition of these patients from the hospital to home. The results of
this study suggest the success of the dedicated NP in decreasing the LOS for
the authors’ chronic ventilator dependent patients.

Innovations and breakthroughs

The dedicated NPs served as the front line staff for the authors’ chronic
ventilator dependent patients. The NP for each patient rounded with the medical
team, helped to formulate the care plan for the day, discussed the patient's care
with consultants, participated in care conferences, and updated the families.
They responded to questions from the respiratory therapists and bedside
nurses and had the ability to modify the plan and initiate orders as needed. The
dedicated NP served as a key member of the patient's developmental team
during the hospital stay with a focus on discharging the patient to home. The
study shows that the addition of the dedicated NP reduced the LOS for the
authors’ chronic ventilator patients.

Applications
The success of the dedicated NP in the PCVDU at reducing LOS could
translate to other units of the hospital, reducing LOS as well as hospital costs.

Terminology

NP: A nurse practitioner with advanced nursing education; PCVDU: The
pediatric chronic ventilator dependent unit; LOS: Length of stay; RT: Respiratory
therapist; PICU: Pediatric intensive care unit.

Peer-review
The manuscript is an inspiring work depicting success in implementing nurse
practitioners in a discharge process from PCVDU.
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Abstract

AIM: To determine parental knowledge about acute
otitis media (AOM) and its antibiotic therapy, antibiotic
resistance and the willingness to comply with the
watchful waiting (WW) approach in primary care
settings in southern Israel.

METHODS: The study was conducted in 3 primary
care clinics and the pediatric emergency room of Soroka
University Medical Center. Questionnaires (20 questions
on education background, previous AOM experience,
knowledge on antimicrobial resistance and attitude vs
the WW approach) were filled by 600 parents (150 at
each centers) of children < 6 years of age.
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RESULTS: Mothers represented 69% of parents;
2% had an education of < 10 school years, 46% had
high-school education and 17% had an academic
degree. 69% parents reported previous experience
with AOM and 56% thought that antibiotics represent
the only treatment for AOM. Knowledge on bacterial
resistance to antibiotics was reported by 57% of the
parents; 86% parents were willing to accept/probably
accept the WW approach for their children. Logistic
regression analysis revealed a significant association
between parental education and knowledge about
bacterial resistance to antibiotics and that previous
experience with AOM was significantly associated with
reluctance to accept the WW approach. More parents
with knowledge on bacterial resistance were willing
to accept the WW approach compared with parents
without such knowledge. No correlation was found
between the education level and willingness to accept
the WW approach.

CONCLUSION: A significant correlation was found
between previous parental education and experience
with AOM and the knowledge about antibiotic use,
bacterial resistance and acceptance of the WW approach.

Key words: Acute otitis media; Children; Antibiotics;
Parents; Watchful waiting; Bacteria; Resistance

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The 2004 and 2013 guidelines of the
American Academy of Pediatrics suggest the use of a
watchful waiting (WW) approach to antibiotic therapy
in a selected group of children with acute otitis media
(AOM). We determined the parental knowledge about
AOM and its antibiotic therapy, antibiotic resistance
and the willingness to comply with the WW approach in
primary care settings and found a significant correlation
between parental education level, previous experience
with AOM, knowledge about antibiotic use and about
bacterial resistance and the acceptance of the WW
approach.

Broides A, Bereza O, Lavi-Givon N, Fruchtman Y, Gazala E,
Leibovitz E. Parental acceptability of the watchful waiting
approach in pediatric acute otitis media. World J Clin Pediatr
2016; 5(2): 198-205 Available from: URL: http://www.
wjgnet.com/2219-2808/full/v5/i2/198.htm DOI: http://dx.doi.
org/10.5409/wjcp.v5.i12.198

INTRODUCTION

Acute otitis media (AOM) is the most common cause of
pediatric physician visits and for antibiotic therapy and
is common in children between the ages of 6-24 mo™.
Although, spontaneous recovery from AOM has been
documented in 70% of AOM cases, it is acceptable
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to treat AOM with antibiotics at the time of diagnosis,
mainly since it is very difficult distinguish between the
AOM cases that will resolve spontaneously and those
that will not™.

In the past few years, antibiotic therapy for AOM
has been complicated by emergence of bacterial
resistance to antibiotics'®. In 2004, the American
Academy of Pediatrics published its guidelines on
antibiotic therapy for AOM™); these guidelines were
later accepted by the Israeli Pediatric Association™.
The guidelines suggest the use of a watchful waiting
(WW) approach to antibiotic therapy in a selected
group of children with AOM, an approach reinforced by
the 2011 guidelines™. The WW approach distinguishes
between a positive diagnosis of AOM, and AOM se-
verity: mild, moderate and severe. This approach is
still controversial; it was first developed by the Dutch
College of General practitioners during the 1980’s, and
in principle allows for withholding immediate antibio-
tic therapy from children with a mild to moderate
severity-AOM and > 2 years of age, and in children
who have a mild to moderate severity-AOM with an
uncertain diagnosis and aged between 6-24 mo®'%,
The WW approach can be implemented only if medical
supervision is available, with a re-evaluation 24-48
h after the initial diagnosis and prompt initiation of
antibiotic therapy in patients who did not improve.

The consequences of this WW approach include
a substantial decrease in expenses related to AOM
therapy as a result of less antibiotic prescription,
and a possible decrease in development of bacterial
resistance in pathogens associated with AOMP=14],

The aim of this study is to delineate parental
knowledge about antibiotic therapy of AOM and the
WW approach in the primary care setting and the
Pediatric Emergency Room. We also studied the effect
of parental education, prior experience with AOM
and prior information on the WW approach, on these
parameters.

MATERIALS AND METHODS

The overall population of the southern Israel was
> 700000 inhabitants in 2012, of them > 250000
children < 18 years of age. The city of Beer-Sheva has
a population of > 200000 inhabitants with a pediatric
population > 50000 children < 18 years of age. The
community pediatric medical services are provided
by 1 central child health center and numerous regular
community clinics. The Soroka University Medical
Center is the only medical center providing medical
services to the whole population of Southern Israel.
The PER of the Soroka University Medical Center
accepts around 36000 visits/year.

Questionnaires were filled by parents of children <6
years of age, in the waiting rooms of 4 primary care
clinics in Southern Israel: (1) the child health center
(Center A); (2) one community clinic (Center B), both
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Table 1 Characteristics of the groups of parents enrolled 7 (%)

Characteristic Total Center A Center B Center C Center D
n = 600 n =150 n =150 n =150 n =150

Enrolled parent

Mother 414 (69) 105 (70) 96 (64) 116 (77) 97 (65)

Father 186 (31) 45 (30) 54 (36) 34 (23) 53 (35)
Mother age

20-30 yr 150 (36) 44 (42) 42 (44) 36 (31) 28 (29)

31-40 yr 214 (52) 53 (51) 48 (50) 65 (48) 57 (59)

> 40 yr 50 (12) 8(7) 6 (6) 24 (21) 12 (12)
Father age

20-30 yr 31 (17) 5(11) 14 (26) 5 (15) 7 (13)

31-40 yr 116 (62) 35 (78) 30 (56) 16 (47) 35 (66)

> 40 yr 39 (21) 5(11) 10 (18) 13 (38) 11 (21)
Working mothers 316 (76) 82 (78) 75 (78) 86 (74) 73 (75)
Housewives 98 23 (22) 21 (22) 30 (26) 24 (25)
Working fathers 171 41 (91) 51 (94) 30 (88) 49 (92)
Unemployed fathers 15 (8) 4(9) 3 (6) 4 (12) 4(8)
Parental education

< high school 13 2(1) 0 6 (4) 5(3)

High school 278 68 (45 54 (36) 88 (59) 68 (45)

College 209 55 (37) 62 (41) 42 (28) 50 (34)

> college 100 25 (17) 34 (23) 14 (9) 27 (18)
Parental past experience with otitis

Yes 411 112 (75) 101 (68) 100 (67) 98 (65)

Not 181 37 (25) 47 (31) 48 (32) 49 (33)

“I don’t know” 8 1(1) 2(1) 2(1) 32

in Beer-Sheva; (3) the Ofakim community clinic (Center
C) in the development town of Ofakim; and in (4) the
Pediatric Emergency Room (PER, Center D) of Soroka
University Medical Center, Beer-Sheva. The study was
conducted between September 2006 and May 2007.
The parents were asked about the number of children
in the family, previous experience with a child with
AOM, level of education, knowledge on AOM, antibiotic
resistance, the acceptance of the WW approach to
antibiotic therapy in AOM and the source of acquisition
of this knowledge.

The study was approved by the institutional review
board of the Soroka University Medical Center, Beer-
Sheva, Israel (protocol WW 001 from 02/07/2006).

Statistical analysis

The data were analyzed using the Statistical Package
for Social Sciences 16.0 (SPSS 16.0) software. The
data were analyzed using the chi square test and the
Fisher’s exact test as appropriate, a P value below 0.05
was considered significant. Multivariate analysis for
willingness to accept the WW approach was performed.
Variables that were found to be with a P value < 0.05
were included, with exclusion of confounding variables.
The statistical review of the study was performed by a
biomedical statistician.

RESULTS

A total of 600 parents were enrolled (150 in every one
of the 4 locations of the study). None of the parents
approached in the 4 centers refused to complete the
questionnaire. The characteristics of the 4 groups of
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parents enrolled are presented in Table 1. All parents
were from 20 to 45 years old; 414 (69%) were
mothers. The age of the mothers was similar except
for more mothers > 40 years old in Center C (P <
0.02 compared with Centers A and B). Most of the
mothers, 316/414 (76%), were employed. Out of the
600 parents, 12 (2%) had an education of < 10 school
years, 278 (46%) had high school education and 100
(17%) had an academic degree. Experience with a
previous child who had AOM was reported by 441/600
(69%) of parents without a significant difference
between the locations of the study.

The data on parental knowledge on AOM therapy
are presented on Table 2. A total of 441 (69%) re-
ported some previous experience with AOM, with
no statistical difference between the 4 centers. Only
55/600 (9%) parents reported no knowledge on the
topic of AOM. Most of the parents, 332/600 (56%),
thought that antibiotics were the only therapeutic
modality for AOM. Only 14/600 (2%) of the parents
believed that there was no need for any type of
therapy for AOM. The possibility of spontaneous
resolution of AOM without any therapy was known
by 269/600 (45%) of the parents without statistically
significant differences between parents from the
4 |ocations of the study. However, 162/600 (27%)
of the parents believed that resolution of AOM was
not possible without therapy and that AOM must be
treated with antibiotics. Knowledge about bacterial
resistance to antibiotics was reported by 344/600
(57%) of the parents (Table 2). Pain (reported by
30% of the parents who expressed concerns on
unsuccessful outcomes without antibiotic therapy) and
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Table 2 Parental knowledge on acute otitis media treatment 7 (%)

CCCCC treatment/statement Total Center A Center B Center C Center D
n = 600 n =150 n =150 n =150 n =150
Antibiotics' 332 (56) 82 (55) 100 (60)° 74 (50)° 76 (51)
Ear drops' 147 (25) 55 (37) 26 (17) 31 (21) 35 (23)
Tympanocentesis' 26 (4) 4(2) 2(1) 9 (6) 11 (8)
Paracetamol" 6 (1) 0 3(2) 2(1) 1(1)
Homeopathic drops’ 20 (3) 0 7 (4) 6 (4) 7 (4)
No need to treat 14 (2) 0 4(2) 5(3) 5(3)
“I don’t know” 55 (9) 9 (6)° 8 (5)° 23 (15)° 15 (10)°
Recovery w/ o antibiotics is possible
Yes 269 (45) 61 (41) 70 (47) 64 (43) 74 (50)
No 162 (27) 32 (21) 32 (21) 54 (36) 44 (29)
“I don’t know” 169 (28) 57 (38) 48 (32) 32 (21) 32 (21)
Knowledge on antibiotic resistance
Yes 344 (57) 117 (78)° 89 (59) 58 (39)" 80 (53)
No 144 (24) 14 (9) 29 (19) 64 (43) 37 (25)
“I don’t know” 112 (19) 19 (13) 32 (22) 28 (18) 33 (22)
Parental concern on unsuccessful outcome w/ o antibiotics
Yes 442 (74) 111 (74) 110 (73) 101 (67) 120 (80)
Not 158 (26) 39 (26) 40 (27) 49 (33) 30 (20)
Parental concern on unsuccessful outcome w/ o antibiotics n =442 n=111 n =110 n =101 n =120
Pain and suffering 131 (30) 37 (33) 28 (25) 35 (35) 31 (26)
High fever 110 (25) 21 (19) 26 (24) 32 (32) 37 (31)
Other complications 201 (45) 53 (48) 56 (51) 34 (33) 52 (43)

Only”; °P < 0.05 (1%); P < 0.05 (4%); "P < 0.001 (5%).

Table 3 Parental knowledge about the watchful waiting approach for acute otitis media therapy 7 (%)

Statement Total Center A Center B Center C Center D
n = 600 n = 150 n = 150 n = 150 n = 150
Physician recommendation in the past
Yes' 194 (40) 69 (61)° 41 (37)° 40 (32)° 44 (32)°
Not' 291 (60) 44 (39) 69 (63) 85 (68) 93 (68)
Not relevant 115 (19) 37 (25) 40 (27) 25 (17) 13 (9)
Acceptance of WW recommendation
Yes 337 (55) 79 (52) 70 (47)° 92 (61) 95 (63)*
Probably yes 178 (30) 45 (30) 51 (34) 46 (31) 36 (24)
No 5(9) 22 (15) 17 (11) 5(3) 7 (5)
“Idon’t know” 33 (6) 4(3) 12.(8) 7 (5) 12.(8)
Want to be included in physician decisions
Yes 552 (92) 135 (90) 129 (86) 143 (95) 145 (97)
Probably yes 36 (6) 11 (7) 17 (11) 6 (4) 2(1)
No 5(1) 32 0 0 2 (1)
“I don’t know” 7 (1) 1(1) 4(3) 1(1) 1(1)

'From all parents with past experience with otitis media; P < 0.05 (;°); "P < 0.001 (°). WW: Watchful waiting.

prolonged fever (25%) were the two major concerns
amongst the parents in respect to AOM outcome
without antibiotic therapy.

The data on parental knowledge about the WW
approach for AOM treatment are presented in Table
3. The WW approach was reported to have been
previously offered to 194/485 (40%) of parents.
WW was offered significantly more in Center A
(69/113, 61%) vs 41/110 (37%), 40/125 (32%), and
44/137 (32%) of the parents in Centers B, C and D,
respectively, P < 0.001. The willingness to use the
WW approach in AOM was reported in 337/600 (55%)
parents, while another 178/600 (30%) reported that
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they would probably agree to this approach, leading to
a total of 507/600 (85%) parents that would be willing
or probably willing to accept this approach. Nearly all
parents, 576/600 (98%), expressed the willingness to
take part in the decision making process concerning
treatment in AOM, without significant differences
between the 4 centers.

Only 214/600 (35%) of the parents knew about the
association between antibiotic resistance and antibiotic
therapy. The main side effects of antibiotic therapy that
were known to the parents were: Diarrhea (revealed
in 27% of all questioned parents), “weakening of the
immune system” (23%), rash (22%), abdominal pain
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Table 4 Logistic regression analysis: Parameters influencing the

parental willingness to accept the watchful waiting approach

Parameters Pvalue OR (95%CI)
Lower Upper
Previous AOM history 0.012 0341 0148 0.778
Knowledge on antibiotic resistance 0.026 2.001 1.087 3.685
Parental education 0.028 1461 0789 2706
Parental age 0.607 098 0936 1.040

AOM: Acute otitis media.

(21%), and vomiting (17%); 12% of the parents
did not know about any possible adverse effects of
antibiotics.

The primary care physicians were the most
common source of parental knowledge about AOM
(357/600, 59%). In addition, friends and relatives,
television and the internet were common sources
of information (304/600, 50%; 291/600, 48%
and 289/600, 48% respectively). Written journals,
pamphlets and well-baby care centers were less
common sources of information (161/600, 27%;
90/600, 15% and 55/60, 9% respectively).

Statistical analysis

Pearson correlation revealed a significant association
between parental education and knowledge about
bacterial resistance to antibiotics (71.1% of the
parents with an academic degree had such knowledge
compared with only 41% in parents with high school
education or < 10 years of education, P < 0.01,
r = 0.283). A significant inverse correlation was
found between previous experience with AOM and
willingness to accept the WW approach: 86.3% of the
parents that did not have experience with a child with
AOM were willing to accept the WW approach vs only
70.6% of parents who had previous experience with
AOM, P = 0.017, r = -0.101. A significant correlation
was found between parental knowledge about bacterial
resistance to antibiotics and willingness to accept
the WW approach: 93.4% of the parents with this
knowledge were willing to accept the WW approach
vs only 87.4% of the parents who did not know about
bacterial resistance to antibiotics, P = 0.015, r = 0.102.
There was a nonsignificant trend towards correlation
between the level of parental education and willingness
to accept the WW approach; 93.1% of the patients
with academic degrees were willing to accept the
WW approach vs 88.7% of parents without academic
education, P = 0.068, r = 0.077.

Logistic regression analysis (including the following
parameters: previous experience with AOM, parental
knowledge on antibiotic resistance, parental education
and parental education) revealed that the willingness
to accept the WW approach was significantly inversely
correlated with previous experience with AOM (P =
0.012) and directly correlated with parental knowledge
on antibiotic resistance (P = 0.026) (Table 4).
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DISCUSSION

AOM is the most common bacterial disease in
children and AOM treatment accounts for more than
50% of antibiotic prescriptions for children, and
approximately 5 billion dollars in annual costs in the
United States™* ™, Many studies have shown relatively
low efficacy for antibiotic therapy in AOM”?***!, Since
there is a spontaneous recovery rate of 70%-90%
in AOM, only one patient out of 7-14 children with
AOM will have a substantial benefit from antibiotic
therapy'*?®?”), Furthermore, the advantages of
antibiotic therapy in children with AOM may be offset
by side effects of antibiotic therapy, costs, increased
bacterial resistance and the loss of the opportunity to
include the parents in the medical decisions regarding
antibiotics for their children®®. In accordance to
these drawbacks related to the indiscriminate use of
antibiotics, recent data from United States showed
major declines in antibiotic prescribing in children, as a
result of educational campaigns aimed at both parents
and clinicians®®3",

The increase in bacterial antibiotic resistance is
causing considerable concern®*, This concern,
together with the possible other side effects of antibiotic
therapy, makes the WW approach for the treatment of
AOM interesting and attractive®®%'*3*31 However,
most of the parents in USA believe that antibiotics
are necessary for the treatment of AOMP® and many
physicians think that the parents want antibiotics for
treatment of AOM in their children, and this is reflected
in antibiotic prescriptionst®’~#,

Since AOM has been traditionally treated with
antibiotics, the willingness of primary care physicians
and parents to accept the WW approach requires
careful evaluation. In a study that included 16 medical
centers in Massachusetts, 2054 parents and 160
physicians were asked about their willingness to accept
the WW approach for treatment of AOM®*), Only 32%
of the parents were willing to fully or partially accept
the WW approach, with an increase in acceptance
in parents with a higher education and in those who
received prior explanations about this approach.
Amongst physicians, 38% reported that they never
or almost never used the WW approach in children
with AOM older than 2 years, 39% used this approach
rarely, 17% often and 6% used this approach most
of the time™, Therefore, it is obvious that there is a
need for significant changes in knowledge and attitude
toward the WW approach in parents and physicians as
well.

Pshetizky et al*” studied in southern Israel the
willingness of the parents of 81 children aged 3
mo-4 years diagnosed with AOM to take part in the
therapeutic decision making process together with
their physicians®”\. The authors reported that after
short explanations about the likelihood of spontaneous
recovery and the possible problems that may be
associated with antibiotic therapy, the shared decisions
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could result in a 50% decrease in antibiotics use™”.

In this study we examined knowledge and attitude
in parents of young children towards therapy in AOM.
We focused on antibiotic therapy, it's efficacy in AOM,
possible complications, and antibiotic resistance to
antibiotics. Furthermore, we also studied parental
willingness and knowledge about the WW approach
in AOM, their previous experience with AOM, level
of education, and correlated these variables with the
approach towards WW. We recruited parents from 3
primary care clinics in southern Israel, and from the
pediatric ER of the only medical center in the area. The
pediatric population of Southern Israel is extremely
heterogeneous in terms of its ethnic composition
and socioeconomic status and therefore the findings
presented in this study cannot be extrapolated to other
geographic areas of the country and of course not to
the whole Israel population.

We found that parental knowledge about AOM
therapy (in general) and antibiotic therapy (specifically)
is unsatisfactory. Our study revealed that around half
of the parents believed that antibiotics are the only
therapeutic option in AOM or perceived the disease as
a self limited disease. Furthermore, only 36% of the
parents knew that bacterial antibiotic resistance was
associated with widespread antibiotic therapy. A vast
majority of the parents, 85%, were willing to accept
or probably accept the WW approach in a shared
decision with their primary care physician. Nearly all
of the parents, 98%, wanted to take an active part in
the decision about antibiotic therapy in AOM. Logistic
regression analysis revealed a significant correlation
between parental education and knowledge about
bacterial resistance to antibiotics. Previous experience
with AOM was found to be significantly associated with
unwillingness to accept the WW approach in AOM.

Previous experience with AOM was found to be
significantly associated with unwillingness to accept
the WW approach in AOM. The willingness to accept
the WW approach in AOM in relation to previous
parental experience with AOM has not been studied
previously; we were somewhat surprised to discover
that parents with previous experience with AOM were
less willing to accept the WW approach. Although, the
finding that a higher level of education is associated
with knowledge about bacterial resistance to antibiotics
has been previously reported®**“**, parents in this
study showed a much higher acceptance of the
WW approach in AOM (85% in this study vs 34% in
another study™®). This finding raises many questions
and requires further studies to clarify the possibility
of effective implementation of the WW approach in
AOM, at least in southern Israel. On the other hand,
we are certain that educational programs about the
proper use of antibiotics and concerns about increasing
bacterial resistance to antibiotics can change the
opinions and knowledge that we have examined in this
study regarding antibiotic therapy for AOM.
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In summary, our study determined the parental
knowledge about AOM and its therapy, antibiotic
resistance and the willingness to comply with the
WW approach in primary care settings and found a
significant correlation between parental education
and experience with AOM and the knowledge about
antibiotic use, bacterial resistance and acceptance of
the WW approach.

COMMENTS

Background

The observation option (“watchful waiting”, WW) in the treatment of acute
otitis media (AOM) was reconsidered during the last years as an appropriate
management option for certain children. The diseases management is based
on diagnostic certainty, age, severity of illness and assurance of follow-up. The
American Academy of Pediatrics and other medical associations around the
world recommend this option in children > 6 mo of age who do not present with
severe illness, or in whom the diagnosis is uncertain. In contrast, immediate
antibiotic therapy is recommended for children < 6 mo of age and for all those
with a severe form of the disease. Nevertheless, for children in the desired age
ranges, previous reports have consistently shown that most children do well,
without serious adverse sequelae, even without antibiotic therapy. Furthermore,
the implementation of the WW method strategy could reduce substantially the
use of antibiotics in children and play a major role in decreasing the antibiotic
resistance.

Research frontiers

Since AOM has been traditionally treated with antibiotics, the willingness of
primary care physicians and parents to accept the WW approach requires
careful evaluation. A majority of physicians reported using at least occasionally
the WW method, but few use it frequently. Many parents have concerns
regarding the WW method, but acceptability was found increased among those
more educated and those feeling included in the therapeutic decision process.
Information on knowledge and attitude of parents of young children towards
therapy in AOM in southern Israel is limited. The objectives of the present study
were to determine parental knowledge about AOM and its antibiotic therapy,
antibiotic resistance and the willingness to comply with the WW approach in
primary care settings in southern Israel

Innovations and breakthroughs

The present study enrolled parents from 3 primary care clinics in southern
Israel, and from the pediatric ER of the only medical center in the area.
The study revealed that around half of the parents believed that antibiotics
are the only therapeutic option in AOM or perceived the disease as a self-
limited disease. Only one third of the parents knew that bacterial antibiotic
resistance was associated with widespread antibiotic therapy. A vast majority
of the parents were willing to accept or probably accept the WW approach in
a shared decision with their primary care physician. Nearly all of the parents
wanted to take an active part in the decision about antibiotic therapy in
AOM. Logistic regression analysis revealed a significant correlation between
parental education and knowledge about bacterial resistance to antibiotics.
Previous experience with AOM was found to be significantly associated with
unwillingness to accept the WW approach in AOM.

Applications

The data presented in this study suggest that the WW option is a valuable
and accepted treatment for AOM not only from the point of view of the
medical practitioners, but also from the parents of the children sick with this
extremely common pediatric condition. Since the pediatric population of
southern Israel is extremely heterogeneous in terms of its ethnic composition
and socioeconomic status, the findings presented in this study cannot be
extrapolated to other geographic areas of the country and of course not to the
whole Israel population. Further studies on knowledge and attitude of parents
of young children and also of medical practitioners towards therapy in AOM and
the WW option in Israel may provide additional information leading to a broad
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implementation of the WW policy in the country.

Terminology

The WW approach to antibiotic therapy of AOM in children refers to withholding
immediate antibiotic therapy from children with a mild to moderate severity-
AOM and > 2 years of age, and also in children aged 6-24 mo who have a mild
to moderate severity-AOM; The WW approach can be implemented only if
medical supervision is available, with a re-evaluation in 24-48 h after the initial
diagnosis and prompt initiation of antibiotic therapy in patients who did not
improve.

Peer-review

The central research question is to describe parental knowledge and opinions
about the watchful waiting approach in AOM. The settings are 3 primary care
centers and one pediatric emergency room in southern Israel.
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Abstract

AIM: To review empirical evidence on character deve-
lopment among youth with chronic illnesses.

METHODS: A systematic literature review was con-
ducted using PubMed and PSYCHINFO from inception
until November 2013 to find quantitative studies that
measured character strengths among youth with chronic
illnesses. Inclusion criteria were limited to English
language studies examining constructs of character
development among adolescents or young adults aged
13-24 years with a childhood-onset chronic medical
condition. A librarian at Duke University Medical Center
Library assisted with the development of the mesh
search term. Two researchers independently reviewed
relevant titles (7 = 549), then abstracts (7 = 45), and
finally manuscripts (7 = 3).

RESULTS: There is a lack of empirical research on
character development and childhood-onset chronic
medical conditions. Three studies were identified that
used different measures of character based on moral
themes. One study examined moral reasoning among
deaf adolescents using Kohlberg’s Moral Judgement
Instrument; another, investigated moral values of
adolescent cancer survivors with the Values In Action
Classification of Strengths. A third study evaluated
moral behavior among young adult survivors of burn
injury utilizing the Tennessee Self-Concept, 2™ edition.
The studies observed that youth with chronic conditions
reasoned at less advanced stages and had a lower
moral self-concept compared to referent populations,
but that they did differ on character virtues and
strengths when matched with healthy peers for age,
sex, and race/ethnicity. Yet, generalizations could not
be drawn regarding character development of youth
with chronic medical conditions because the studies
were too divergent from each other and biased from
study design limitations.
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CONCLUSION: Future empirical studies should learn
from the strengths and weaknesses of the existing
literature on character development among youth with
chronic medical conditions.
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Core tip: This study reviewed empirical evidence on
character development among youth with chronic
medical conditions. Only three quantitative studies were
found that met the review inclusion criteria. Different
measures of character were evaluated including moral
reasoning, moral concept, and character virtues. Col-
lectively, the findings were not generalizable and were
too divergent to support or contradict each other. The
strengths and weaknesses of the emerging literature
offer insights into how best to design future studies
on character development among youth with chronic
illnesses.

Maslow GR, Hill SN. Systematic review of character development
and childhood chronic illness. World J Clin Pediatr 2016; 5(2):
206-211 Available from: URL: http://www.wjgnet.com/2219-2808/
full/v5/i2/206.htm DOI: http://dx.doi.org/10.5409/wjcp.v5.i2.206

INTRODUCTION

As more and more adolescents with chronic illness
survive into adulthood it is vital that we understand
how best to support their development into thriving
adults. The study of chronic iliness in adolescence has
been approached from many aspects of development
including social development, emotional development,
and cognitive development!?., Yet, little is known about
the Positive Youth Development (PYD) of these youth
which focuses on the development of strengths in
adolescence that is associated with positive outcomes'®.

PYD, as described by Richard M Lerner, PhD, is a
model that has been validated using a global measure
and sub-constructs consisting of Five C’s: Character,
caring, connectedness, competence, and confidence
(Table 1)1, All six factors are stable measures across
developmental stages from childhood to adulthood and
are modifiable based on experiences and environmental
resources®®l, Youth with higher scores for PYD and
the Five C’s have higher contribution to society and
lower rates of problem behaviors and depression'®.
Accordingly, many youth programs that have been
designed to improve outcomes target character
development defined by personal standards, moral
behavior, or personal strengths (e.g., diligence)®%,

For youth with chronic illnesses, a strong character is
commonly acknowledged as an essential trait given the
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persistent health challenges they face”®. Anecdotally
there are many stories which attest to the strength of
children living with chronic medical conditions. To quote
one such newspaper article describing a 15 years old
with cancer: “(She) has been a symbol of courage and
strength for those who know her™'.” Similar sentiments
and accounts of character growth due to the illness
experience were noted in qualitative interviews that we
conducted of adolescents with chronic conditions and
their parents (unpublished data).

However, rigorous empirical research on character
development among adolescents with chronic illnesses is
in a nascent state. Key questions remain as to whether
or not character development is different for youth with
chronic medical conditions and what specific attributes
of character should be targeted for interventions. To
answer these inquiries, there are a variety of theoretical
frameworks, research study designs, methods (i.e.,
measures and approaches), and statistical techniques
that can be used. Also, the influence of the disease
state-type, onset, severity, and prognosis - must be
taken into consideration. In addition, thought has to be
given to the developmental stage of interest to select
the most appropriate evaluation. Given the complexity,
emerging quantitative research on this topic has the
potential to be varied and divergent.

Accordingly, the aim of this study was to conduct
a systematic review of studies investigating character
development among adolescents and young adults
with chronic medical conditions. Our objectives were to
synthesize the existing empirical research and provide
recommendations for future directions. We sought to
find quantitative research that measured character,
moral development, or moral behavior to be consistent
with Lerner’s PYD definition!®. To identify character
traits across different diseases, we utilized a non-
categorical approach for childhood chronic illnesses.

MATERIALS AND METHODS

Search terms

The mesh search term was created by a librarian at
Duke University Medical Center Library, combining
words related to character development, chronic
conditions, and childhood.

Character development: Positive youth development,
character development, personality development, al-
truism, character, empathy, integrity, conscientiousness,
courage, social values, virtues, emotional maturity,
loyalty, moral, open-mindedness, sincerity

Chronic conditions: Diabetes, cancer, epilepsy, sei-
zures, neoplasms, inflammatory bowel disease, crohns
disease, ulcerative colitis, asthma, burns, headaches,
cerebral palsy, deafness, blindness, hemophilia, celiac
disease, migraine disorders, HIV, neurofibromatosis,
sickle cell disease, anemia, obesity, congenital heart
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PYD five C’s Definitions

Competence Positive view of one’s actions in domain specific areas including social, academic, cognitive, and vocational. Social competence pertains
to interpersonal skills (e.g., conflict resolution). Cognitive competence pertains to cognitive abilities (e.g., decision making). School
grades, attendance, and test scores are part of academic competence. Vocational competence involves work habits and career choice
explorations

Confidence An internal sense of overall positive self-worth and self-efficacy; one’s global self-regard, as opposed to domain specific beliefs.

connection Positive bonds with people and institutions that are reflected in bidirectional exchanges between the individual and peers, family,
school, and community in which both parties contribute to the relationship

Character Respect for societal and cultural rules, possession of standards for correct behaviors, a sense of right and wrong (morality), and
integrity

Caring and A sense of sympathy and empathy for others

compassion

Table 2 Summary of studies measuring character development of youth with chronic conditions

Ref. n Subjects Measures Results
Sam et al™ 15 Deaf Kohlberg Moral Judgment Moral reasoning for deaf participants was at a lower/basic
Ages 12-15 yr Instrument stage of development compared to norms
Guse et al™ 42 21 cancer survivors Values in Action Inventory for No difference in mean scores
21 healthy peers Youth
Matched on age, race, and gender
Ages 12-19 yr (mean = 16 yr)
Russell et al™ 85 Burn survivors Tennessee Self-Concept scale - Scores on moral subscale lower than norms (P = 0.036).

Ages 18-30 yr (mean = 21 yr)

Moral subscale

Subscale includes moral identity, satisfaction, and behavior

disease, cystic fibrosis, spina bifida, hemophilia,
muscular dystrophy, chronic iliness, chronic disease.

Childhood: Pediatric, adolescent, adolescence, teen,
teenager, child, youth.

Data sources

The contents of the PubMed and PSYCHINFO databases
were searched from inception through November 2013.
References of relevant publications were also reviewed
to identify additional titles. The searches were limited to
English language publications with participants 13-24
years of age. The full search strategy is available from
the corresponding author.

Study selection

Two reviewers independently reviewed all titles pro-
duced by the initial searches (n = 549) and excluded
those that were definitively irrelevant to the search
intent. Any titles which were insufficiently clear to
make such a determination were retained for review
at the abstract level. All of the remaining abstracts
(n = 45) were then independently screened for the
following inclusion criteria: (1) population of children
or adolescents up to 21 years of age with a chronic
condition; and (2) examined some aspect of character
development. Those meeting the criteria were included
in the study. Figure 1 provides a PRISMA flowchart
depicting the number of publications included and
excluded at each stage of review™™, Biostatistics were
not used for sampling purposes, summarization of
the data, analysis, interpretation, or inference. The
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statistical methods of this study were reviewed by
Sherika N Hill, PhD from Duke University and deemed
appropriate for a systematic literature review.

RESULTS

Three studies were identified that met inclusion
criteria and examined character development among
participants with childhood-onset chronic conditionst***?),
Two studies found lower scores indicative of character
deficiencies for individuals with chronic conditions
compared to normative samples while one study found
adolescents with a chronic condition to be similar in
character to healthy peers matched by age and sex™*!,
All of the studies were prospective, observational,
cross-sectional, survey-based, and informed by self-
report. However, they differed in their designs (type of
comparison group), methods (samples, recruitment,
measures, survey administration), and analyses
(statistical approaches).

The study findings are summarized in Table 2. The
first study by Sam and Wright™®! (1988) examined moral
reasoning among 15 deaf adolescents as compared to
population norms using modified versions of dilemmas
from Kohlberg’s Moral Judgment Instrument. Deaf
adolescents’ moral reasoning was more basic (Stage
1 and 2 of the Pre-conventional Level) compared to
advanced stages of reasoning (Stages 2, 3 or 4 of
Conventional Level) of the referent group!*®. In the
second study, Guse and Eracleous'® (2011) compared
responses to the Values in Action Inventory Classification
of Character Strengths for Youth of 21 adolescent
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Additional records
identified through other
sources (17 = 44)

Records identified
through database search
(n = 505)

l !

Records after duplicates removed and
screened by title (7 = 549)

l

Records screened
by abstract
(n = 45)

l

Full-text articles
assessed for
eligibility (7 = 23)

l

Studies included in
qualitative synthesis
(n=3)

l

Studies included in
quantitative synthesis
(meta-analysis) (N/A)

Records excluded
(n = 504)

Full-text articles
excluded, with
reasons (7 = 21)

Figure 1 PRISMA flow diagram™. For search of PubMed and PSYCHINFO
databases using mesh search terms for character development, chronic
conditions, and childhood. N/A: Not applicable.

cancer survivors to healthy peers matched on age,
sex and race/ethnicity!**. There was no difference
in scores between groups on the 5 character virtues
and 15 character strengths tested. Russell et a/**
(2013) conducted a third study that examined moral
self-concept among 82 young adults who were burn
survivors from childhood using the Tennessee Self-
Concept Scale 2™ edition. The burn survivors had a
significantly lower score (P = 0.036) on the Moral Sub-
scale compared to a reference population™,

DISCUSSION

The emerging research on character development
among youth with chronic medical conditions is too
disparate to draw conclusions. There were only three
studies that met our search criteria dating back to the
inception of PubMed and PSYCHINFO. Each study used
a different measure of character which did not overlap
in how they operationalized moral themes. Further, the
social context of the study participants varied greatly
from young deaf adolescents, to Australian cancer
survivors, to adult burn survivors. Lastly, study design
limitations such as small convenience samples further
limited generalizability. Consequently, the results from
the studies neither supported nor contradicted one
another in advancing our understanding of character
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development among youth with chronic conditions.

Nonetheless, future studies can learn from the
strengths and weaknesses of the emerging evidence.
To operationalize character, different measures of
moral development were examined. The Kohlberg
Moral Judgement Instrument ranked beliefs regarding
social norms while the Values In Action Classification
of Strength for Youth (VIA-Youth) tallied virtues
pertaining to universal constructs of goodness and the
Tennessee Self-Concept (TSC) Scale scored perceived
self-control™*),

The Kohlberg Instrument proposes that there are
stages of progressive moral reasoning that ascend
from an egocentric to altruistic sense of fairness!*®.
A key strength of this character assessment is that
moral development is presented as a continuum
that can evolve as an individual ages, matures, or
have critical experiences. Accordingly, the tool would
be useful to track changes in moral reasoning over
time. Researchers should be cautious, however,
in interpreting results. For one, it is not clear if a
lower, basic stage of moral reasoning represents a
character deficit, developmental delay, or a lack of
life experience. Secondly, critics question whether
youth can fully appreciate the relationship dynamics
presented in scenarios that are: (1) purely fictional
in nature; and (2) have mature themes such as
spousal or parental love!'”), Thirdly, scholars argue
that Kohlberg’s instrument is gender-biased because
the moral reasoning stages are derived from an all-
male sample, resulting in lower scores for females™,
Consequently, given that more than half of Sam and
Wright subjects were female, sex differences instead
of disease influences may offer a better explanation
as to why deaf children had a lower stage of moral
reasoning compared to instrument norms!**.

The VIA-Youth also has noteworthy merits and
shortcomings to guide future research. The tool was
designed to be comprehensive, gender-neutral, and
cross-culturally relevant in testing universal themes
of good character virtues and strengths™. These
features make the evaluation ideal for diverse samples
and questions regarding personality traits. As a trade-
off, however, the self-administered survey requires
keen self-awareness to accurately score 198 items
and takes more than 30 min to complete. Researchers
should be aware that these features could be chal-
lenging for adolescents. Case in point, one could
argue that cancer survivors and healthy peers scored
similarly on the VIA-Youth in the Guse and Eracleou
study, selecting all mid-point responses for most items,
because adolescents in general lack introspection
skills as a result of their developmental stage or that
respondents suffered from testing fatigue given the
long, intensive survey™**?%,

The TSC Scale is less demanding on respondents
and provides specific targets for intervention as key
strengths™., Moral Self-Concept in the TSC is very
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narrowly defined as personal satisfaction with one’s
self-control™. Accordingly, lower scores such as those
reported by Russell et af**! suggest that interventions
could target either burn survivors’ personal expectations
or their internal self-regulation skills. A drawback to the
TSC is that the instrument is not specific to adolescents.
The reference population is 13-90 years old™,

Collectively, the three studies highlight study design
issues that should be addressed in future empirical
studies. For instance, the study by Sam and Wright
suggests that deaf children may experience a more
pervasive form of isolation because of the specialized
school environment™!, To account for disease-spe-
cific influences, future studies should seek to have
a healthy comparison group as well as comparison
groups of different medical conditions. Moreover,
future studies should choose sampling and analytical
strategies a priori that either limit or control for
systematic biases introduced by weakness in the study
design and methods. Although Guse and Eracleous
utilized a comparison group that was matched on
age, sex, and race/ethnicity, they did not address the
selection bias (i.e., study subjects who selected/chose
to participate in study were different from the general
population) that resulted from using a convenience
sampling approach!*®!, Finally, future research should
assess character changes within and between indivi-
duals from childhood to adulthood to identify aberrant
developmental effects. In doing so, the study by
Russell et ai** would have been more informative in
delineating whether the low satisfaction scores were
attributable to the chronic medical condition or the
challenging experience of transitioning to adulthood.

In conclusion, this literature review sets the stage
for future studies of character development among
adolescents with chronic illnesses. More empirical
evidence is needed to inform interventions and provide
a better understanding of how adversity affects
character development during adolescence in general.
Building character strengths broadly, and moral
development specifically, is important to ensure that
adolescents thrive as they transition into adulthood.

COMMENTS

Background

As more adolescents with chronic illness survive into adulthood, it is vital to
understand how best to support their development into thriving adults; however,
little is known about the Positive Youth Development (PYD) of these youth
which focuses on the development of strengths in adolescence.

Research frontiers

The study of chronic illness in adolescence has been approached from many
aspects of development including social development, emotional development,
and cognitive development. Given the persistent health challenges among
youth with chronic illnesses, a strong character is commonly acknowledged as
an essential trait among this population. However, rigorous empirical research
on character development among adolescents with chronic illnesses is in a
nascent state.

Roishidenge ~ WJCP' | www.wjgnet.com

210

Applications

Collectively, the three studies included in this review highlight study design
issues that should be addressed in future empirical studies. To account for
disease-specific influences, future studies should seek to have a healthy
comparison group as well as comparison groups of different medical conditions.
Moreover, future studies should choose sampling and analytical strategies a
priori that either limit or control for systematic biases introduced by weakness in
the study design and methods.

Terminology
Positive Youth Development - a strengths-based perspective regarding the
development and positive growth of adolescents and young adults.

Peer-review

The author conducted a systematic review to find character strengths among
youth with chronic iliness, found that there was no empirical research regarding
this area of study, and proposed how to design future studies on this research.
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Abstract

AIM: To determine if dopamine is effective in treating
neonatal hypotension and safe to use comparing to
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other inotropes.

METHODS: This is a review of evidence on inotropic
treatment of neonatal hypotension. Databases searched
were MEDLINE and the Cochrane Library, a total of 134
studies were identified. Only studies with high quality
evidence (level 1a and b and 2a) were included. After
review, only eight studies were included in the final
analysis. Pooled risk ratios derived for each outcome
[Mantel-Haenzel (M-H) fixed effect] with CI, as reported
in the Cochrane reviews were plotted in forest plot form.

RESULTS: Eight articles met inclusion criteria, which
all included treatment in preterm infants. Dopamine
increased mean arterial blood pressure (BP) (7 = 163; r
= (0.88, 95%CI: 0.76 to 0.94) and systolic BP (n = 142;
r = 0.81, 95%CI: 0.42 to 0.94) comparing to placebo.
Dopamine has been shown overall to be statistically
more effective in increasing BP than dobutamine (7 =
251, r = 0.26, 95%CI: 0.20-0.32). However there were
no differences in short term outcomes (periventricular
leucomalacia, periventricular haemorrhage) and mor-
tality between both drugs. There is no statistical
evidence of dopamine being more effective than
adrenaline or corticosteroids. There was no difference
in morbidity and mortality outcomes when dopamine
was compared to hydrocortisone (RR 1.81, 95%CI: 0.18
to 18.39) or adrenaline.

CONCLUSION: In preterms, dopamine is the most
studied drug, and we suggest it could be used as first
line treatment in hypotension.

Key words: Hypotension; Preterm; Inotrope; Dopamine;
Dobutamine; Adrenaline/epinephrine; Corticosteroids

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Hypotension is a common feature in the
preterm infant. The aim of this systematic review was
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to determine, after review of evidence, if dopamine
would make a good first line drug therapy for hypo-
tension in the neonatal population. Dopamine was
shown across trials to increase blood pressure more
effectively than dobutamine. There was no difference
in morbidity and mortality outcomes when dopamine
was compared to hydrocortisone or adrenaline. In
preterm infants, dopamine is the most studied drug,
and in general safer than others to use, we therefore
cautiously suggest it could be used as first line
treatment in hypotension.

Bhayat SI, Gowda HMS, Eisenhut M. Should dopamine be the
first line inotrope in the treatment of neonatal hypotension?
Review of the evidence. World J Clin Pediatr 2016; 5(2): 212-222
Available from: URL: http://www.wjgnet.com/2219-2808/full/
v5/i2/212.htm DOI: http://dx.doi.org/10.5409/wjcp.v5.i2.212

INTRODUCTION

Hypotension is a problem frequently encountered on
the neonatal intensive care unit. It is more common
in preterm infants. The prevalence is said to be up
to 45% in infants with a birth weight < 1500 g'*.
Indeed, in preterm infants, organ development is
still in process, and imposes challenges with fluid
homeostasis®.. Low blood pressure (BP) is also
frequent in the sick term infant.

The main purpose of treating hypotension is to
prevent end organ damage. Statistically, low BP is
associated with short and long term adverse effects. In
the extreme preterm, hypotension is associated with
increased mortality, cerebral lesions®®, intraventricular
haemorrhage!™, periventricular leucomalacia and
neurodevelopmental morbidity™.

BP equals flow multiplied by resistance, hence
depends on the cardiac output and the vascular resis-
tance!®”l, In very low birth weight infants (VLBW),
the aetiology of hypotension is unclear: Variable
left ventricular output (LVO), a large patent ductus
arteriosus (PDA), and myocardial dysfunction may
contribute to low BP in this population. Volume depletion
is not a common cause in preterm hypotension®,

The normal physiological BP of a nhewborn infant
remains unknown™, It is believed to vary with pos-
tnatal age and gestation!'®, Thus, the definition of
hypotension is variable, but it seems like the most
common one used by clinicians is the following: The
mean arterial BP should be maintained at, or greater
than the gestational age in weeks; this definition
is based on statistics rather than physiology™, and
has been recommended by the British Association of
Perinatal Medicine. This definition has also been used
in numerous randomised control trials™". A borderline
low BP below the number arrived at by using the
gestational age does not necessarily require treatment,
and it is up to the clinician’s discretion to also evaluate
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end organ perfusion and decide on treatment. Fur-
thermore, low mean arterial BP in sick preterm
infants could compromise cerebral autoregulation.
Cerebral autoregulation is essential because it ensures
appropriate cerebral blood flow, which is one of the
major determinants of oxygen delivery to the brain.
The minimal BP required to maintain cerebral perfusion
is unknown®,

The choice of first line inotropic support has been
dependent on clinicians. A homogeneous evidence-based
treatment will benefit clinicians. This would allow health
professionals to assess the problem further and consider
next steps, whilst effectively treating hypotension in a
safe way. By definition, a first line therapy should be
effective, safe, and available. Dopamine is a precursor
of noradrenaline, it is @ hormone and neurotransmitter
of the catecholamine and phenethylamine families. To
increase BP, dopamine has a vasoconstrictive effect
and may cause decreased blood supply and oxygen to
certain organs. Dopamine effect is dose dependent™®
and acts on dopamine, alpha, and beta receptors; it also
has a serotoninergic action™?.

The aim of this review is to determine, after ap-
praisal of available evidence, if dopamine is effective
in treating hypotension and safe to use compared
to other inotropes, and therefore if dopamine would
make a suitable first line drug therapy for hypotension
in the neonatal population. Objective of this systematic
review was to summarise all available high-level
evidence comparing dopamine with other inotropes
regarding effectiveness on hypotension, mortality,
neurological outcome and adverse effects in the
neonatal population.

MATERIALS AND METHODS

Definitions

For the purpose of this article, the definition of hy-
potension stated by the authors of reported studies
included in this review has been used.

Data sources

Medline via Healthcare Database Advanced Search and
the Cochrane Library were searched. Reference lists
of articles identified were checked resulting in further
articles retrieved. Articles from the personal libraries
of the investigators were also included. Only published
studies were included.

Search terms and strategies
The search was done in February 2015. The following
MeSH terms were used: “Hypotension” (major),
“Dopamine” (explode), “Dobutamine” (explode),
“Hydrocortisone” (explode), “epinephrine” (explode),
“norepinephrine” (explode). Results were limited to
“Human” and “Age Group Newborn Infant birth to 1 mo”.
The following results were obtained with Medline
search:
Hypotension (Major) AND Dopamine (explode) - 56
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Table 1 Levels of evidence, according to the oxford centre
for evidence based medicine

Level of Type of study

evidence

la Systematic review (with homogeneity) of RCTs

1b Individual RCT (with narrow confidence interval)

1c All or none (when patients died before the treatment
became available, and now some survive)

2a Systematic review (with homogeneity) of cohort studies

2b Individual cohort study (including low quality RCT)

2¢ “Outcomes” research, ecological studies

3a SR (with homogeneity) of case-control studies

3b Individual case-control study

4 Case-series (and poor quality cohort and case-control
studies)

5 Expert opinion without explicit critical appraisal, or based

on physiology, bench research or “first principles”

RCT: Randomized clinical trial.

results

Hypotension (Major) AND Dobutamine (explode) -
23 results

Hypotension (Major) AND Epinephrine (explode) -
16 results

Hypotension (Major) AND Norepinephrine (explode)
- 3 results

Hypotension (Major) AND Hydrocortisone (explode)
- 36 results

The search gave us a total of 134 articles. After
the duplicates were removed, there were a total of 86
articles.

Study selection

All titles and abstracts were read by 2 independent
reviewers. Inclusion criteria applied were: Levels of
evidence 1a, 1b and 2a (Table 1). All abstracts were
read and screened, and only the ones with a high level
of evidence were kept. After this screening process,
22 studies were noted to be irrelevant to our question,
and 56 did not qualify as level 1 or 2 evidence (16
observational studies, 10 review articles, 10 letters, 3
retrospective studies, 12 already included in Cochrane
reviews, 4 case reports, 1 on-going randomised control
trial) (For PRISMA flow chart of study selection, Figure 1).

Figures

Figures 2 and 3 were made using Excel version 14.0
(Microsoft Office 2011 for Mac). Pooled risk ratios
derived for each outcome [Mantel-Haenzel (M-H) fixed
effect] with CI, as reported in the Cochrane reviews
were plotted in forest plot form. Straight mark scatter
charts were used to make these figures. The aim was
to give a good visual representation of key outcomes
of the Cochrane reviews regarding hypotension.

RESULTS

Dopamine effect on BP
A recent meta-analysis by Sassano-Higgins et a/'*’!
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showed that dopamine increases BP significantly in the
hypotensive preterm infant and that it has a greater
efficacy than other forms of therapy. In this review, after
looking at 26 studies, whether random or fixed effect
meta-analysis, it was found that there was a significant
association between administrating dopamine and
treatment success. Dopamine increased mean arterial
BP (12 studies; n = 163; r = 0.88, 95%CI: 0.76 to 0.94)
and systolic BP (8 studies; n = 142; r = 0.81, 95%CI:
0.42 to 0.94). All the 12 studies were prospective case
series without any controls examining the treatment
success of dopamine.

Dopamine vs dobutamine

Dobutamine is a synthetic catecholamine which acts
essentially on beta receptors, creating an adrenergic
effect™ . Dobutamine is the second most commonly used
inotrope to treat hypotension in the preterm infant!”'; it
is thought to have the same benefits as dopamine but
without the peripheral vasoconstrictive effect!'®..

Three articles containing trial data on a comparison
of dopamine and dobutamine were identified.

The Cochrane review by Subhedar et a/*®! com-
pared dopamine and dobutamine. The main aims
of this review were: Comparing the effectiveness of
the treatment in reducing mortality and long-term
outcomes (neurodevelopmental outcome at 2 years),
in reducing the incidence of adverse neuroradiological
sequelae (severe periventricular haemorrhage and/or
periventricular leucomalacia), increasing systemic
arterial BP and/or cardiac output, and to compare
the frequency of adverse effects between both drugs.
A total of 5 randomised control trials were included,
with a total of 209 infants. Comparing dopamine
vs dobutamine, there was neither a difference in
mortality (RR 1.17, 95%CI: 0.47 to 2.92; RD 0.02,
95%CI: -0.12 to 0.16), nor in the incidence of
periventricular leucomalacia (RR 0.43, 95%CI: 0.12
to 1.52; RD -0.08, 95%CI: -0.19 to 0.04), or in the
incidence of grade 3 or 4 periventricular haemorrhages
(RR 0.73, 95%CI: 0.15 to 3.50; RD - 0.02, 95%CI:
-0.13 to 0.09), or in the incidence of tachycardia
(RD -0.06, 95%CI: -0.25 to 0.14) (Figure 2). No
studies looked at the long-term neurodevelopmental
outcome. In treating hypotension, dopamine was
more successful than dobutamine as evident from
a significantly reduced risk of treatment failure (RR
0.41, 95%CI: 0.25 to 0.65). LVO was analysed in
one paper™” in the Cochrane review. Initially the
raw numbers showed a drop in LVO with dopamine,
compared to a rise in LVO with dobutamine. However
the Cochrane review excluded this outcome from the
analysis as the calculation of absolute changes was
not possible. The authors concluded that dopamine
was more effective than dobutamine in the short-term
treatment of hypotension. As there were no statistical
differences in long term outcomes and safety, no firm
recommendations could be made.

The meta-analysis by Sassano-Higgins et a/'*!
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Formulation of objectives

!

Selection of data source
(MEDLINE) and MeSH heading

!

Papers on hypotension,
limits: Human and newborn

y

And
exploded terms:

infant infant

e ) T

Epinephrine
n=16

Dobutamine

n =23

Dopamine
n =56

)]

Norepinephrin
n=3

n =36

Hydrocortisone

P ——

[ Total = 134 J

e

¢

Duplicates
removed: n = 48

J

[ Read by 2 independent reviewers J

Exclusion: Irrelevant 7 = 22
Observational studies 7 = 16
Review articles 7 = 10

8 papers included

(

)

Letters n = 10
Retrospective studies 7 = 3

Included in Cochrane
reviews n = 12

Case reports n = 4
Ongoing trials 7 = 1

Figure 1 PRISMA flow chart of study selection comparing dopamine vs other inotropes in neonates.

mentioned in the above paragraph on dopamine and
its effects on BP, contained a subgroup analysis where
dopamine was compared with dobutamine. Dopamine
administration was associated with a significantly
greater overall efficacy for increase in BP than
dobutamine (7 studies; n = 251; r = 0.26; 95%CI:
0.20 to 0.32). There were no statistically significant
differences in adverse neurological outcomes between
dopamine and dobutamine. This meta-analysis con-
tained two additional studies in addition to the five
studies included in the Cochrane review by Subhedar
et al'"® (2003). The latter excluded the study by Miall-
Allen et al''® (1989) because it was a non-randomised
study reporting the effect of addition of dobutamine
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in hypotensive preterm infants who did not respond
to dopamine. Furthermore, it was a prospective case
control study. Filippi et a™*s primary objective was
endocrine effects of dopamine and dobutamine.
This study did not meet the inclusion criteria for a
Cochrane review. Short-term improvement in BP was
analysed in the Cochrane review, looking at 4 articles
with successful treatment of hypotension. Each article
looked at individually, concluded in an increase of BP.
A pooled estimate was not done regarding short-term
effect on BP with both drugs in view of the variation
in measuring and reporting BP in the included studies.
However, in the meta-analysis'**), pooled analysis of
the 7 studies (n = 251, r = 0.26, 95%CI: 0.20-0.32)
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Risk ratio
M-F, fixed, 95%CI

Risk ratio
M-F, fixed, 95%CIL

—m—  Mortality < 28d B 1.17 [0.47, 2.92]
——  Periventricular leukomalacia B 0.43 [0.12, 1.52]
—m—  Periventricular haemorrhage L] 0.73 [0.15, 3.5]
grade 3/4
—m—  Treatment failure —B— 0.41 [0.25, 0.65]
—&— Tachycardia | 0.74 [0.26, 2.08]
L Il Il Il L1
0.1 1 10

Favours dopamine

Favours dobutamine

Figure 2 Outcomes of the Cochrane review comparing dopamine vs dobutamine in preterm infants.

showed that dopamine had a greater efficacy in
increasing the BP compared to dobutamine.

However, dopamine is also thought to have en-
docrine adverse effects. Indeed exogenous dopamine
infusion suppresses PRL, thyroid stimulating hormone
(TSH) and T4 secretion by acting on specific dopamine
D2 receptors®®.. It is believed that in preterm infants,
unlike in adults, dopamine crosses the blood brain
barrier and exerts its effects directly at the hypothalamic
level as well as on the dopamine receptor trophic
cells®, Filippi et al**"'s study, which was not included in
the Cochrane review, compared the endocrine effects
between dopamine and dobutamine in VLBW, in a
randomised prospective trial published in 2007. Thirty-
five hypotensive infants were randomised into 2 groups,
whether they received dopamine or dobutamine for
hypotension after 2 boluses of crystalloid. In the group
of infants treated with dopamine, levels of TSH, total
thyroxine (T4), prolactine (PRL), and growth hormone
(GH) were significantly reduced after 12 h, comparing
to the dobutamine group (P < 0.01). However after
stopping dopamine, from the first day onwards, levels
of TSH, T4 and PRL increased briskly. There was also a
mild but non-significant increase in GH. Dobutamine did
not affect hormone levels. The authors conclude that
dopamine induces suppression of pituitary function, but
it is a transient effect.

Dopamine vs adrenaline
Adrenaline [= Epinephrine (EP)] is a potent inotrope,
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and chronotrope, which acts on alpha and beta-
receptors. It acts as a systemic and pulmonary
vasodilator in low doses, and when doses are increased,
it increases systemic pressure more than pulmonary
pressure®,

Three articles were identified comparing adrenaline
and dopamine: Two randomised controlled trials and
one Cochrane review.

In 2005, the randomised control trial by Valverde et
al” compared 2 groups of preterm infants < 32 wk <
1501 g with low BP receiving either dopamine (DP) or
adrenaline at increasing doses. Fifty-nine infants were
included. The study was ongoing at the time of the
Cochrane review; therefore it hasn't been completely
included. Treatment success by obtaining an optimal
BP was present in 96.3% of patients with dopamine
and 93.7% with adrenaline; there was no statistical
significance between these 2 groups. Amongst the
primary outcomes, the only one that varied between
the 2 groups was the heart rate. Indeed, the heart
rate was increased in both dopamine and adrenaline
groups [at time of obtaining optimal BP: 157 beats
per minute (bpm) vs 169 bpm respectively], but was
significantly higher in the adrenaline group (P = 0.03).
There was no other statistically significant difference
in the primary outcomes (systemic and cerebral
haemodynamic variables) or secondary outcomes
(acid-base status, blood lactate concentration,
glycaemia, haematocrit) between both treatment
groups. Cerebral blood volume (CBV), measured by
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near infrared spectroscopy (NIRS), was analysed
in both groups, and it was noted that drug-induced
changes varied with gestational age. In very preterm
infants < 28 wk, the EP- induced increase in CBV was
greater than with dopamine. However, DP-induced
increase in CBV was greater in less preterm infants (>
28 wk).

A randomised control trial in 2006 by Valverde et
al®® compared 2 groups of preterm infants < 1501
g and < 32 wk gestation, receiving either dopamine
or adrenaline, and short and medium term outcomes
were measured. This trial was not included in the
Cochrane review from Paradisis et al*. The study was
mentioned in the Cochrane review, but had only been
published as an abstract for a meeting as the above
study by Pellicer et al*®. Looking into details of the
study by Pellicer et af*! and Valverde et al**¥, the list
of authors are identical but the order of the authors
differs; the included cohort of infants is the same
(period of inclusion, inclusion and exclusion criteria),
however the primary outcomes are different as Pellicer
looks more at cerebral haemodynamics, whereas
Valverde analysed systemic effects and clinical
outcomes. In Valverde’s article, both groups were
comparable, although randomisation technique was
not explained. There was no difference in treatment
failure in both groups (dopamine: 36%; epinephrine:
37%). Withdrawal occurred later in the dopamine
group. Infants in the adrenaline group had higher
lactates, higher blood sugars and lower base excesses
(P < 0.05). There was no difference in medium
term comorbidities (enteral nutrition tolerance, gas-
trointestinal complications, severity of lung disease,
PDA, cerebral ultrasound diagnoses, retinopathy of
prematurity) and mortality. Authors conclusion was
that compared to dopamine, adrenaline had the
same effect on BP, but also had transitory effects on
lactate metabolism. As there is no further evidence
to explain or confirm these side effects it is difficult to
recommend adrenaline over dopamine as a first line
therapy in treatment of hypotension for the preterm
infant.

A Cochrane review in 2004"**, updated in 2009 but
with no changes made to the conclusion, looked at the
effectiveness and safety of adrenaline in comparison
with no treatment and other inotropes (dopamine,
dobutamine, noradrenaline, or isoprenaline). Only
one study published in an abstract form comparing
dopamine and adrenaline was included. It was a
very selective group with infants only above 1750
grams. There was a significant increase in the BP in
the adrenaline and the dopamine group, however
the significance of the difference was not reported.
Outcomes like mortality, neurodevelopment, and peri
or intra ventricular haemorrhage were not reported.
This Cochrane review concluded that there was not
enough evidence to show an effect of adrenaline in
preterm infants with cardiovascular compromise.
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Dopamine vs steroids

Glucocorticoids increase vascular tone and myocardial
contractility by increasing responsiveness to circulating
catecholamines. In preterm infants, immaturity may
also lead to limited adrenal reserves, being one the
causes of low BP™®, therefore the use of steroids as
treatment for hypotension is logical. In daily clinical
practice, steroids are usually used for refractory
hypotension. One Cochrane review analysed the effect
of steroids in neonatal hypotension.

The population targeted is the preterm infant.
Hydrocortisone is the most common steroid used in
the treatment of neonatal hypotension.

The Cochrane review by Ibrahim et ai*” included,
in addition to the comparison of corticosteroids vs
placebo, also a comparison of steroids with dopamine.
The primary objective was to investigate the effect of
corticosteroids as a primary treatment of hypotension,
and the secondary outcome was to look at benefits
or adverse effects of steroid therapy (mortality, IVH
grade 3 or 4, periventricular leukomalacia, chronic lung
disease in surviving infants, necrotizing enterocolitis,
bacterial sepsis). The population studied was all
preterm infants < 37 wk and less than 28 d old with
hypotension. A total of 4 studies were included. In this
article, as the main focus is dopamine, therefore only
the comparison of steroids and dopamine has been
reviewed, which is based on one randomised controlled
trial by Bourchier et al’*®. There was no statistically
significant difference in effect of hydrocortisone on
mortality comparing to dopamine (RR 1.81, 95%CI:
0.18 to 18.39; RD 0.04, 95%CI: -0.12 to 0.20), or on
morbidities like infection comparing to dopamine (RR
0.60, 95%CI: 0.20 to 1.82; RD -0.13, 95%CI: -0.39 to
0.14), and hyperglycaemia comparing to dopamine (RR
1.27, 95%CI: 0.48 to 3.33; RD 0.07, 95%CI: -0.21
to 0.35) (Figure 3). Long-term neurodevelopmental
outcome was not reported. Authors concluded that
there was insufficient evidence to support routine use
of corticosteroids as first line treatment of hypotension
in preterm infants.

All inotropes

There was one high-level evidence paper comparing
different inotropes: A systematic review by Dempsey
et al”® in 2007. One of the aims of the article was
to compare the effectiveness of different inotropes.
Pubmed search was performed looking for studies
comparing 2 interventions, and seeking important clinical
outcomes (survival, brain or lung injury, long-term
neurodevelopmental outcome). Only randomised control
trials in hypotensive preterm infants were included.
This systematic review compared dopamine with
other inotropes. In the comparison with dobutamine,
only articles already included in Subhedar’s Cochrane
review were found, and concluded the same as
above: Dopamine is more likely to increase BP than
dobutamine. Four further studies were identified
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Steroid vs other drug: IVH all grades

Steroid vs other drug: Mortality to discharge

Risk ratio
M-F, fixed, 95%CI

1.51 [0.42, 5.48]

Steroid vs other drug: ROP in surviving children

Steroid vs other drug: CLD in surviving infants
Steroid vs other drug: NEC
Steroid vs other drug: Hyperglycaemia
Steroid vs other drug: Any sepsis
Steroid vs other drug: Bacterial sepsis
Steroid vs other drug: Treatment failure

1.81 [0.18, 18.39]

1.26 [0.33, 4.88]

2.37[0.52, 10.70]

3.62 [0.44, 29.60]

1.27 [0.48, 3.33]
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Figure 3 Outcomes of the Cochrane review comparing outcomes of steroids vs other drugs (only article included in the analysis compared dopamine to steroids).

comparing dopamine to other inotropes regarding
blood flow, which was irrelevant to our question, but
showed that dopamine decreased LVO. Some studies
were identified reporting a comparison of dopamine
and adrenaline, but there was little evidence to
support the use of this drug according to this review
(2 studies). The authors concluded that there are
many small studies addressing short-term effects of
various catecholamines on physiological variables, but
that there is no evidence regarding clinically important
outcomes.

DISCUSSION

Even though various inotropes are used, Dopamine
still seems to be the one which is most commonly
prescribed in hypotension in all infants, including VLBW
infants™!. We looked at the evidence supporting the
usage of dopamine and summarized this in Table 2. In
this review, we wanted to determine whether dopamine
could be used as a first line therapy. By definition, a
first line therapy should be effective, safe to use with
minimal side effects and easily available. Having a
standardised approach to hypotension would make
practice more homogeneous; this has its advantages
and inconveniences. A universal initial approach allows
one to start treatment and then consider other options
according to the underlying pathology. In treatment of
hypotension, there is no evidence to support the use
of volume expansion, whether saline, or albumin®*.,
Dopamine has been shown overall to be statistically
more effective in increasing BP and with less treatment
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failure than dobutamine!®, There is no statistical

evidence of dopamine being more effective than
adrenaline or corticosteroids. There were no papers
of high evidence looking at treatment of hypotension
with noradrenaline. Nevertheless, adrenaline has been
shown to have more side effects than dopamine by
increasing lactate, blood sugars, and lowering base
excess®®!, There is not enough evidence regarding
mid and long term outcomes to support the usage
of hydrocortisone as a first line drug™”’. The meta-
analysis by Higgins et a/** showed that hydrocortisone
successfully increases BP. This article was not included
in our review, as it did not compare steroids to other
inotropes. Antenatal steroids are believed to have a
positive effect on low BP in the preterm infant™.
Dopamine is more effective than dobutamine in
increasing BP, but there was no statistical significance
in the differences of other outcomes (mortality,
periventricular flare, intraventricular haemorrhage
grade 3-4, tachycardia)!*®. In the articles analysed,
doses of dopamine used were not specified, but
this drug was administered at a treatment dose
for hypotension. This is important as low doses of
dopamine (0.5-2 micrograms/kg per minute) act on
dopaminergic receptors which usually increases renal
perfusion. Medium doses (2-6 micrograms/kg per
minute) act on beta-receptors causing vasodilatation
and a positive inotropic and chronotropic effect
(increasing output and heart rate). At high doses
(> 6-10 micrograms/kg per minute), dopamine
acts on alpha-receptors leading mainly to peripheral
vasoconstriction'®, In preterm infants there are
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contractility, and relaxation of the smooth vascular
muscle allowing treatment of pulmonary hypertension.
Side effects include arrhythmias®®. Other drugs like
levosimendran and terlipressin, have inotropic effects,
but there is not enough evidence in the preterm to
promote their usage.

The current practice of treating hypotension con-
centrates on improving the number of the BP, but one
may argue it is important to consider the blood flow
as well. This idea emerged in 1928 from Jarisch “It is
a source of regret that measurement of flow is much
more difficult than measurement of pressure. This has
led to an undue interest in BP measurements. Most
organs however, require flow rather than pressuret®,
There are current studies looking at the flow, and the
effect in the management of low BP by inotropes:
Neocirculation is looking at the effect of dobutamine on
the superior vena cava flow™, and the TOHOP study
looking at NIRS for objective end organ perfusion
as an adjunct to management of hypotension®®.
Controversially, other trials are looking at whether
hypotension needs to be treated in the initial period
of life of a preterm infant; the concept of permissive
hypotension is becoming more common. Even though
it is known that low BP in a preterm infant is associated
with adverse outcomes, it remains unknown whether
treatment of hypotension improves the outcome. The
on-going HIP trial is aiming to determine whether
there is a difference in short and long-term outcome in
preterm infants in managing hypotension with volume
and dopamine vs a permissive placebo approacht*.

In this review, we are only able to comment on
preterm infants. Term infants usually have multiple
aetiologies for hypotension like hypovolaemia,
cardiogenic shock, septic shock, endocrine causes
like congenital adrenal hyperplasia, sedation drugs™”,
and there have been no studies with high levels of
evidence which have compared various inotropes in a
term infant.

In preterm infants, dopamine is the most stu-
died drug, is more effective in increasing BP than
dobutamine. There was no difference in morbidity and
mortality outcomes when dopamine was compared
to hydrocortisone or adrenaline. In preterm infants,
dopamine is effective, and in general safer than others
to use. All evidence points towards the fact that
dopamine can be considered as a first line inotrope in
preterm neonatal hypotension.

COMMENTS

Background

Different inotropes are used in the treatment of neonatal hypotension. Clinicians
have their own preferences in using particular inotropes as a first line,
depending on the unit policy and their previous personal experience.

Research frontiers
Controversies exist on the best initial approach of what inotrope to use in the
management of neonatal hypotension. There are new studies investigating the
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necessity of inotropic support and increasing blood pressure.

Innovations and breakthroughs

This study reviewed current evidence on different inotropes commonly used,
and concluded that dopamine is a safe and effective option for the treatment of
neonatal hypotension.

Applications

Hypotension in the neonatal population, specially in preterm infants, is a
common problem faced daily by clinicians. Having an evidence-based approach
is in the best clinical interest of the patients.

Terminology

Cerebral autoregulation: Process which aims to maintain adequate and stable
cerebral blood flow; Periventricular leucomalacia: White brain matter injury
characterized by necrosis of white matter near the lateral ventricles; Preterm:
Birth of a baby at less than 37 wk of gestation.

Peer-review
This is a nice systematic review providing good insight into commonly used
inotropic agents in neonatal care, focusing on preterm infants.

REFERENCES

1 Al-Aweel I, Pursley DM, Rubin LP, Shah B, Weisberger S,
Richardson DK. Variations in prevalence of hypotension, hyper-
tension, and vasopressor use in NICUs. J Perinatol 2001; 21:
272-278 [PMID: 11536018 DOI: 10.1038/sj.jp.7210563]

2 O’Brien F, Walker IA. Fluid homeostasis in the neonate. Pae-
diatr Anaesth 2014; 24: 49-59 [PMID: 24299660 DOI: 10.1111/
pan.12326]

3 Miall-Allen VM, de Vries LS, Whitelaw AG. Mean arterial blood
pressure and neonatal cerebral lesions. Arch Dis Child 1987; 62:
1068-1069 [PMID: 3314723 DOI: 10.1136/adc.62.10.1068]

4 Watkins AM, West CR, Cooke RW. Blood pressure and cerebral
haemorrhage and ischaemia in very low birthweight infants. Early
Hum Dev 1989; 19: 103-110 [PMID: 2737101 DOI: 10.1016/0378-3
782(89)90120-5]

5 Goldstein RF, Thompson RJ, Ochler JM, Brazy JE. Influence
of acidosis, hypoxemia, and hypotension on neurodevelopmental
outcome in very low birth weight infants. Pediatrics 1995; 95:
238-243 [PMID: 7530835]

6 Gupta S, Donn SM. Neonatal hypotension: dopamine or do-
butamine? Semin Fetal Neonatal Med 2014; 19: 54-59 [PMID:
24100169 DOI: 10.1016/j.siny.2013.09.006]

7  Evans N. Which inotrope for which baby? Arch Dis Child Fetal
Neonatal Ed 2006; 91: F213-F220 [PMID: 16632650 DOI: 10.1136/
adc.2005.071829]

8 Ibrahim CP. Hypotension in preterm infants. /ndian Pediatr 2008;
45: 285-294 [PMID: 18451446]

9 Seri I, Evans J. Controversies in the diagnosis and management of

hypotension in the newborn infant. Curr Opin Pediatr 2001; 13:

116-123 [PMID: 11317051 DOI: 10.1097/00008480-200104000-00

005]

Cunningham S, Symon AG, Elton RA, Zhu C, Mclntosh N. Intra-

arterial blood pressure reference ranges, death and morbidity in very

low birthweight infants during the first seven days of life. Early

Hum Dev 1999; 56: 151-165 [PMID: 10636594 DOI: 10.1016/

S0378-3782(99)00038-9]

Dempsey EM, Barrington KJ, Marlow N, O’Donnell CP, Miletin J,

Naulaers G, Cheung PY, Corcoran D, Pons G, Stranak Z, Van Laere

D. Management of hypotension in preterm infants (The HIP Trial): a

randomised controlled trial of hypotension management in extremely

low gestational age newborns. Neonatology 2014; 105: 275-281

[PMID: 24576799 DOI: 10.1159/000357553]

Seri I. Cardiovascular, renal, and endocrine actions of dopamine

in neonates and children. J Pediatr 1995; 126: 333-344 [PMID:

7869189 DOI: 10.1016/S0022-3476(95)70445-0]

10

11

12

May 8,2016 | Volume 5 | Issue2 |



19

20

21

22

23

24

25

26

JRaishideng®

Bhayat SI et a/. Inotropes in heonatal hypotension: Systematic review

Sassano-Higgins S, Friedlich P, Seri I. A meta-analysis of dopamine
use in hypotensive preterm infants: blood pressure and cerebral
hemodynamics. J Perinatol 2011; 31: 647-655 [PMID: 21273985
DOI: 10.1038/jp.2011.2]

Keeley SR, Bohn DJ. The use of inotropic and afterload-reducing
agents in neonates. Clin Perinatol 1988; 15: 467-489 [PMID:
3066549]

Rios DR, Moffett BS, Kaiser JR. Trends in pharmacotherapy for
neonatal hypotension. J Pediatr 2014; 165: 697-701.e1 [PMID:
25039051 DOI: 10.1016/j.jpeds.2014.06.009]

Subhedar NV, Shaw NJ. Dopamine versus dobutamine for hypo-
tensive preterm infants. Cochrane Database Syst Rev 2003; (3):
CDO001242 [PMID: 12917901 DOI: 10.1002/14651858.CD001242]
Rozé JC, Tohier C, Maingueneau C, Lefévre M, Mouzard A.
Response to dobutamine and dopamine in the hypotensive very
preterm infant. Arch Dis Child 1993; 69: 59-63 [PMID: 8346957]
Miall-Allen VM, Whitelaw AG. Response to dopamine and
dobutamine in the preterm infant less than 30 weeks gestation. Crit
Care Med 1989; 17: 1166-1169 [PMID: 2791595 DOI: 10.1097/000
03246-198911000-00013]

Filippi L, Pezzati M, Poggi C, Rossi S, Cecchi A, Santoro C.
Dopamine versus dobutamine in very low birthweight infants:
endocrine effects. Arch Dis Child Fetal Neonatal Ed 2007; 92:
F367-F371 [PMID: 17329276 DOI: 10.1136/adc.2006.098566]
Wood DF, Johnston JM, Johnston DG. Dopamine, the dopamine
D2 receptor and pituitary tumours. Clin Endocrinol (Oxf) 1991;
35: 455-466 [PMID: 1837503 DOI: 10.1111/j.1365-2265.1991.
tb00928.x]

Seri I, Tulassay T, Kiszel J, Ruppert F, Sulyok E, Ertl T, Bodis J,
Csomor S. Effect of low-dose dopamine infusion on prolactin and
thyrotropin secretion in preterm infants with hyaline membrane
disease. Biol Neonate 1985; 47: 317-322 [PMID: 4027295 DOI:
10.1159/000242134]

Barrington K, Chan W. The circulatory effects of epinephrine
infusion in the anesthesized piglet. Pediatr Res 1993; 33: 190-194
[PMID: 8433894 DOI: 10.1203/00006450-199302000-00020]
Valverde E, Pellicer A, Madero R, Elorza D, Quero J, Cabafias F.
Dopamine versus epinephrine for cardiovascular support in low birth
weight infants: analysis of systemic effects and neonatal clinical
outcomes. Pediatrics 2006; 117: e1213-e1222 [PMID: 16717120
DOI: 10.1542/peds.2005-2108]

Paradisis M, Osborn DA. Adrenaline for prevention of morbidity
and mortality in preterm infants with cardiovascular compromise.
Cochrane Database Syst Rev 2004; (1): CD003958 [PMID:
14974048 DOI: 10.1002/14651858.CD003958.pub2]

Pellicer A, Valverde E, Elorza MD, Madero R, Gaya F, Quero J,
Cabafias F. Cardiovascular support for low birth weight infants
and cerebral hemodynamics: a randomized, blinded, clinical trial.
Pediatrics 2005; 115: 1501-1512 [PMID: 15930210 DOI: 10.1542/
peds.2004-1396]

Watterberg KL. Adrenal insufficiency and cardiac dysfunction in

WJCP | www.wjgnet.com

222

27

28

29

30

31

32

33

34

35

36

37

38

39

40

the preterm infant. Pediatr Res 2002; 51: 422-424 [PMID: 11919324
DOI: 10.1203/00006450-200204000-00004]

Ibrahim H, Sinha IP, Subhedar NV. Corticosteroids for treating
hypotension in preterm infants. Cochrane Database Syst Rev 2011,
(12): CD003662 [PMID: 22161379 DOI: 10.1002/14651858.
CD003662.pub4]

Bourchier D, Weston PJ. Randomised trial of dopamine compared
with hydrocortisone for the treatment of hypotensive very low
birthweight infants. Arch Dis Child Fetal Neonatal Ed 1997; 76:
F174-F178 [PMID: 9175947 DOI: 10.1136/fn.76.3.F174]

Dempsey EM, Barrington KJ. Treating hypotension in the preterm
infant: when and with what: a critical and systematic review. J
Perinatol 2007; 27: 469-478 [PMID: 17653217 DOI: 10.1038/
sj.jp.7211883]

Osborn DA, Evans N. Early volume expansion versus inotrope
for prevention of morbidity and mortality in very preterm infants.
Cochrane Database Syst Rev 2001; (2): CD002056 [PMID:
11406028 DOI: 10.1002/14651858.CD002056]

Osborn DA, Evans N. Early volume expansion for prevention
of morbidity and mortality in very preterm infants. Cochrane
Database Syst Rev 2004; (2): CD002055 [PMID: 15106166 DOI:
10.1002/14651858.CD002055.pub2]

Higgins S, Friedlich P, Seri I. Hydrocortisone for hypotension and
vasopressor dependence in preterm neonates: a meta-analysis. J
Perinatol 2010; 30: 373-378 [PMID: 19693023 DOI: 10.1038/
jp-2009.126]

Moise AA, Wearden ME, Kozinetz CA, Gest AL, Welty SE, Hansen
TN. Antenatal steroids are associated with less need for blood
pressure support in extremely premature infants. Pediatrics 1995;
95: 845-850 [PMID: 7761207]

Noori S, Seri I. Neonatal blood pressure support: the use of inotropes,
lusitropes, and other vasopressor agents. Clin Perinatol 2012; 39:
221-238 [PMID: 22341548 DOI: 10.1016/j.clp.2011.12.010]
Vincent JL, De Backer D. Circulatory shock. N Engl J Med 2014;
370: 583 [PMID: 24499231 DOI: 10.1056/NEJMc1314999]
Chang AC, Atz AM, Wernovsky G, Burke RP, Wessel DL.
Milrinone: systemic and pulmonary hemodynamic effects in
neonates after cardiac surgery. Crit Care Med 1995; 23: 1907-1914
[PMID: 7587268 DOI: 10.1097/00003246-199511000-00018]
Geerts BF, Aarts LP, Jansen JR. Methods in pharmacology:
measurement of cardiac output. Br J Clin Pharmacol 2011; 71:
316-330 [PMID: 21284692 DOI: 10.1111/j.1365-2125.2010.03798.x]
Neocirculation. [accessed 2015 Jul 26]. Available from: http://
neocirculation.eu/index.php

UMC Utrecht. Treatment of Hypotension of Prematurity (TOHOP).
In: ClinicalTrials.gov [Internet]. Bethesda (MD): National Library
of Medicine (US). [accessed 2015 Jul 26]. Available from: https:/
clinicaltrials.gov/ct2/show/NCT01434251

Fanaroff JM, Fanaroff AA. Blood pressure disorders in the neonate:
hypotension and hypertension. Semin Fetal Neonatal Med 2006; 11:
174-181 [PMID: 16516569 DOI: 10.1016/j.siny.2006.01.002]

P- Reviewer: Classen CF, Sangkhathat S, Watanabe T
S- Editor: Song XX L- Editor: A E- Editor: Wang CH

May 8,2016 | Volume 5 | Issue2 |



J C

World Journal of
Clinical Pediatrics

Submit a Manuscript: http:/ /www.wjgnet.com/esps/
Help Desk: http:/ /www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.5409/ wijcp.v5.i2.223

World ] Clin Pediatr 2016 May 8; 5(2): 223-227
ISSN 2219-2808 (online)
© 2016 Baishideng Publishing Group Inc. All rights reserved.

SYSTEMATIC REVIEWS

Adenomyomatosis of the gallbladder in childhood: A systematic
review of the literature and an additional case report

Filippo Parolini, Giuseppe Indolfi, Miguel Garcia Magne, Marianna Salemme, Maurizio Cheli, Giovanni Boroni,

Daniele Alberti

Filippo Parolini, Miguel Garcia Magne, Giovanni Boroni,
Daniele Alberti, Department of Paediatric Surgery, “Spedali
Civili” Children’s Hospital, 25123 Brescia, Italy

Giuseppe Indolfi, Department of Paediatrics, “Meyer” Children’s
University Hospital, 50139 Florence, Italy

Marianna Salemme, Department of Pathology, “Spedali Civili”
Hospital, 25123 Brescia, Italy

Maurizio Cheli, Department of Paediatric Surgery, “Papa
Giovanni XXIII” Hospital, 24127 Bergamo, Italy

Daniele Alberti, Clinical and Experimental Sciences, University
of Brescia, 25123 Brescia, Italy

Author contributions: Parolini F, Indolfi G, Magne MG,
Salemme M, Cheli M, Boroni G and Alberti D contributed
equally to the work; Parolini F and Indolfi G conceptualized and
designed the review together with Magne MG; Parolini F, Cheli
M and Boroni G carried out the analysis; Parolini F, Boroni G
and Alberti D drafted the initial manuscript; all authors reviewed
and approved the final manuscript as submitted.

Conflict-of-interest statement: We hereby declare that the
following information relevant to this article are true to the
best of our knowledge: The above mentioned manuscript has
not been published, accepted for publication or under editorial
review for publication elsewhere and it won’t be submitted to
any other journal while under consideration for publication in
your Journal; We have no financial relationship relevant to this
article to disclose; There isn’t any conflict of interest relevant to
this article; All authors participated in the concept and design,
analysis and interpretation of data, drafting and revising the
manuscript, and they have approved the manuscript as submitted.

Data sharing statement: No additional data are available.

Open-Access: This article is an open-access article which was
selected by an in-house editor and fully peer-reviewed by external
reviewers. It is distributed in accordance with the Creative
Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this
work non-commercially, and license their derivative works on

Roishidenge ~ WJCP' | www.wjgnet.com

223

different terms, provided the original work is properly cited and
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Correspondence to: Filippo Parolini, MD, Department of
Paediatric Surgery, “Spedali Civili” Children’s Hospital, Piazzale
Spedali Civili 1, 25123 Brescia, Italy. parfil@hotmail.it
Telephone: +39-030-3996201

Fax: +39-030-3996154

Received: January 29, 2016
Peer-review started: January 30, 2016
First decision: February 29, 2016
Revised: March 4, 2016

Accepted: March 24, 2016

Article in press: March 25,2016
Published online: May 8, 2016

Abstract

AIM: To investigate the diagnostic and therapeutic
assessment in children with adenomyomatosis of the
gallbladder (AMG).

METHODS: AMG is a degenerative disease charac-
terized by a proliferation of the mucosal epithelium
which deeply invaginates and extends into the thi-
ckened muscular layer of the gallbladder, causing
intramural diverticula. Although AMG is found in up to
5% of cholecystectomy specimens in adult populations,
this condition in childhood is extremely uncommon.
Authors provide a detailed systematic review of the
pediatric literature according to PRISMA guidelines,
focusing on diagnostic and therapeutic assessment. An
additional case of AMG is also presented.

RESULTS: Five studies were finally enclosed,
encompassing 5 children with AMG. Analysis was
extended to our additional 11-year-old patient, who
presented diffuse AMG and pancreatic acinar metaplasia
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of the gallbladder mucosa and was successfully ma-
naged with laparoscopic cholecystectomy. Mean age
at presentation was 7.2 years. Unspecific abdomi-
nal pain was the commonest symptom. Abdominal
ultrasound was performed on all patients, with a
diagnostic accuracy of 100%. Five patients underwent
cholecystectomy, and at follow-up were asymptomatic.
In the remaining patient, completely asymptomatic
at diagnosis, a conservative approach with monthly
monitoring via ultrasonography was undertaken.

CONCLUSION: Considering the remote but possible
degeneration leading to cancer and the feasibility of
laparoscopic cholecystectomy even in small children,
evidence suggests that elective laparoscopic chole-
cystectomy represent the treatment of choice. Pre-
operative evaluation of the extrahepatic biliary tree
anatomy with cholangio-MRI is strongly recommended.

Key words: Adenomyomatosis; Children; Gallbladder;
Laparoscopy; Ultrasound

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Adenomyomatosis of the gallbladder (AMG) in
childhood is an extremely rare condition, with only few
cases reported so far. We provided a detailed systematic
review on diagnostic and therapeutic assessment of
children with AMG.

Parolini F, Indolfi G, Magne MG, Salemme M, Cheli M, Boroni
G, Alberti D. Adenomyomatosis of the gallbladder in childhood:
A systematic review of the literature and an additional case
report. World J Clin Pediatr 2016; 5(2): 223-227 Available from:
URL: http://www.wjgnet.com/2219-2808/full/v5/i2/223.htm
DOIL: http://dx.doi.org/10.5409/wjcp.v5.i12.223

INTRODUCTION

Adenomyomatosis of the gallbladder (AMG) is a
degenerative and acquired disease characterized
by a localized or diffuse proliferation of the mucosal
epithelium which deeply invaginates and extends into
the thickened muscular layer of the gallbladder™?.
Although AMG is found in up to 5% of cholecystectomy
specimens in adult populations, this condition in
childhood is extremely rare, with only few cases
reported so far. Clinical presentation of AMG in childhood
is non-specific, with most patients complaining of
abdominal pain. The diagnosis is generally based on
imaging and the suspicion of AMG is usually raised
by ultrasounds (US). Focusing on diagnostic and
therapeutic assessment, a detailed systematic review
of AMG in child populations is also provided. We present
an additional case of diffuse AMG and pancreatic
acinar metaplasia (PAM) of the gallbladder mucosa
in an 11-year-old boy, successfully managed with
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laparoscopic cholecystectomy.

Case presentation

An 11-year-old boy was referred to our Emergnecy
department with a one-year history of sporadic
post-prandial abdominal pain, non-bilious vomiting
and nausea. HCV-related hepatitis and pancreatic
adenocarcinoma occurred respectively in the child’s
father and grandfather. Physical examination upon ad-
mission was unremarkable. Blood tests only showed
augmentation (2 x n) of seric gamma-glutamyl
transferase (GGT). Abdominal US revealed diffuse
thickening of the gallbladder, with multiple anechogenic
nodular areas mainly localized in the fundus and in the
body, highly suspected for adenomyomatosis. Magnetic
resonance imaging (MRI) confirmed the thickening
of the gallbladder and the presence of multiple
endoluminal irregular filling-defects (the largest over
13 mm) with enhancement using a contrast dye. A
tortuous cystic duct with an increased calibre (5 mm)
was also evident (Figure 1). Standard laparoscopic
cholecystectomy was programmed. Whilst waiting for
surgery, ursodeoxycholic acid was administered orally at
a dosage of 15 mg/kg per day. Full informant consent
was obtained from the child’s parents before all stages
of the procedures. The laparoscopic cholecystectomy
procedure went smoothly. The excised gallbladder
measured 7 cm x 2 cm. Pathological examination
confirmed the diagnosis of chronic hyperplastic
cholecystitis with diffuse adenomyomatosis and foci
of PAM (Figure 2). The postoperative recovery was
uneventful. At a 28-mo follow-up the child is doing well
and is completely asymptomatic.

MATERIALS AND METHODS

Data sources and extraction

This systematic review was performed according to
preferred reporting items for systematic reviews and
meta-analyses (PRISMA) guidelines', The PubMed
database was searched for original studies on AMG
published since 1990, involving patients younger
than 18 years of age. Eligible study designs were
case report, case series and review. We omitted
reports in which abstracts indicated that they were on
adult population (> 18 years) and they not reported
the methods of diagnosis and treatment. We then
evaluated the full text of the selecte articles. The date
of the last search was January 2016. For each study,
data were extracted for sex and age at presentation,
clinical presentation, diagnostic assessment, treat-
ment, pathological examination and outcome.

RESULTS

The PubMed search yielded 5 potentially relevant
studies™>*®, involving a total of 5 children with AMG
(Table 1). All selected studies were case reports (class
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Figure 1 T2-weighted magnetic resonance imaging images confirming the irregular and diffuse thickening of gallbladder walls, more prominent in the
body and in the fundus, suggestive of diffuse adenomyomatosis of the gallbladder (A and B). Nodular images with intraluminal protrusion were localized in the
fundus and in the body of the gallbladder.

Figure 2 Intraoperative picture. A: Gallbladder specimen of 7 cm x 2 cm; B: Pathological examination showing the invagination of the gland (asterisks) into
the muscular layer of the gallbladder, with the presence of glandular elements in the outer layers of the organ (hematoxilin-eosin, original magnification 4 x); C:
Heterotopic pancreatic glands (asterisks) in the context of the mucosal layer of the gallbladder (hematoxilin-eosin, original magnification 20 x).

of evidence Il and rating scale of evidence E)™. at diagnosis, a conservative approach with monthly
Analysis was extended to our additional patient. monitoring via ultrasonography was undertaken.

The condition was more common in boys (67%),
with a mean and median age at presentation of 7.2
years (SD + 3.1) and 6.0 years (range 4 mo-11 DISCUSSION

years), respectively (Table 1). Unspecific abdominal Epidemiology

pain was the commonest symptom, occurring in 3 Hyperplastic cholecystosis includes two types of
patients, while acute abdominal pain was reported in 2 mucosal abnormalities of the gallbladder which are
patients. The remaining patient was an asymptomatic usually clinical accidental findings at the time of a
4-mo-old girl with Beckwith-Wiedemann syndrome cholecystectomy: Cholesterolosis and adenomyo-

in whom AMG was accidentally discovered during matosis™" ™, Cholesterolosis is defined by mucosal villous
abdominal US™!, Besides abdominal pain, vomiting hyperplasia, accumulation of cholesterol within epithelial
was present in 2 out of the 6 patients. Abdominal layer; AMG is a hyperplastic lesion characterized

US was performed on all patients, with a diagnostic by thickening of the muscle wall, overgrowth of the
accuracy of 100%. None of the patients of the series mucosa, and multiple intramural mucosal diverticulal”.
presented gallstones or biliary sludge. Additional Although AMG is found in up to 5% of cholecystectomy
diagnostic examinations were performed on 4 patients, specimens in adult populations®®, its occurrence in
including MRI (3 patients), percutaneous trans- pediatric setting is extremely uncommon, and only five
hepatic cholecystocholangiograhy (PTC) (1 patient), cases have been previously reported. The widespread
and Technetium 99m HIDA scan in (1 patient). Five and early use of US in pediatrics, either for recurrent
out of the six patients underwent cholecystectomy or chronic abdominal pain or for other reasons, most

(open procedure in 3 and laparoscopic in 2). AMG was probably will lead to emergent diagnosis, reinforcing the

diffuse in three patients, localized in 2 and segmental theory that implies that most patients with AMG might
(annular) in the remaining child. At follow-up, all not be diagnosed until adulthood due to the absence
patients who underwent surgery were asymptomatic. or presence of only unspecific symptoms prior to the

In the remaining patient, completely asymptomatic development of gallstones and/or cholecystitis! ™.
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Table 1 Systematic review of adenomyomatosis of the gallbladder in childhood

Ref. Age Sex Clinical presentation US findings Additional Type Treatment
imaging
Albertietal  5yr Male Unspecific abdominal pain ~ Echogenic nodule next to the neck of ~ Technetium Localized Laparoscopic
gallbladder 99m HIDA, cholecystectomy
PTC
Cetinkursun 6 yr Male Acute abdominal pain, fever ~Small and multiseptated gallbladder MRI Diffuse Open
et al” and bilious vomiting with thickened wall cholecystectomy
Zani et al'” 5yr Male Unspecific abdominal pain ~ Multiseptated gallbladder within the NA Segmental Open
lumen (annular type) cholecystectomy
Akcametal® 9yr  Female  Unspecific abdominal pain Thickening of the wall of the MRI Diffuse Open
gallbladder with echogenic areas (honeycomb) cholecystectomy
parallel to the wall of gallbladder
Zarateetal® 4mo Female Incidental finding in Beckwith- Echoic foci within gallbladder wall None Localized Observation
Wiedemanns
Our case 11yr Male  Acute abdominal pain, nausea,  Thickening of the wall, multiple MRI Diffuse Laparoscopic
non-bilious vomiting polypoid formations cholecystectomy

Hyperlink: http://dx.doi.org/10.3348/kjr.2003.4.2.85. MRI: Magnetic resonance imaging; US: Ultrasound scan; PTC: Percutaneous trans-hepatic

cholecystocholangiography; NA: Not available data.

Etiopathogenesis and classification

The etiology of AMG still remains unclear: Co-
morbidities that increase the formation of gallstones,
such as congenital abnormalities of the biliary tract,
hemolytic disease, total parenteral nutrition, chronic
inflammatory bowel disease and obesity have been
reported in adult AMG patients!**®, However, these
conditions were not observed in this pediatric series.
Nowadays AMG is considered a degenerative disease
rather than a congenital malformation™>®, The first
noticeable stage of the disease is most probably related
to increased gallbladder intraluminal pressure caused
by abnormalities of muscle contraction or to excessive
mural absorption of bile, leading to hyperproliferation
of the epithelial cells of the gallbladder mucosa and to
hyperplasia of the smooth muscle®. As a consequence
of this excessive proliferation, the epithelia invaginates
into the hypertrophic muscular layer of the gallbladder
forming intramural diverticula known as Rokitanski-
Ashoff sinuses, that may fill with bile, biliary sludge
and/or gallstone®. This condition is morphologically
classified into three types: Generalized (or diffuse),
localized (usually a single nodule in the fundus that
projects into the lumen showing a polyp image at US,
called “adenomyoma”) and segmental (annular type
with an “hourglass” configuration of the gallbladder,
due to the transverse congenital septum in the body of
gallbladder)**#l,

In the past, attention has been drawn to the
potential malignant degeneration of AMG, as different
adult series have described an incidence of up to
6.4% of gallbladder cancer developing in patients
with segmental AMG?''!, Nevertheless, the question
whether AMG should be considered a pre-malignant
lesion is still unanswered, and the risk of gallbladder
cancer in patients with adenomyomatosis has not been
clearly understood®®'", Also, the presence of PAM in
the gallbladder, as observed in our patient, should be
considered as an accidental finding unrelated to clinical
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or histological abnormalities, as PAM is commonly
reported in other sites (gastroesophageal junction,
stomach) with no dlinical significance™.

Clinical presentation and diagnostic assessment

Clinical signs and symptoms, when present, are
similar to those of chronic gallbladder disease, which
in childhood usually appear with a variety of atypical
symptoms differing from the typical right upper
quadrant pain™>**%#%, Interestingly, if AMG in adults is
associated with gallstones in up to 91.7% of the cases,
gallstones or biliary sludge were not reported in this
series™, Radiological diagnosis of AMG is easy and US
is considered the most sensitive and specific imaging
method for diagnosis'™. AMG US findings include:
Rokitansky-Aschoff sinuses, which can be found either
as anechogenic (bile filled) or as echogenic foci (biliary
sludge or gallstone filled), gallbladder wall thickening, US
findings of ring down artifacts (Comet Tail) as a result of
reverberation between the sinuses themselves, intrasinus
papillary projections and polypoidal projections of at
least 10 mm length!™®. Due to variation in morphology,
adenomyomatosis can appear as diffuse gallbladder
wall thickening or as focal lesions, simulating gallbladder
carcinoma’®. Additional diagnostic assessment with
cholangio-RMN should be performed before surgery
in order to obtain a detailed map of the extrahepatic
biliary tract, as major variations and anomalies of the
biliary tree have been found in up to 18% of cases and
these anomalies must be identified to prevent severe
lesions to the common bile duct!®. In particular, MRI
T2-weighted sequences are reported to be superior to
other sequences in order to visualize the Rokitansky-
Aschoff sinuses™®®, Diffuse-type AMG typically shows an
early mucosal enhancement with subsequent serosal
enhancement. On the contrary, localized AMG exhibits
homogeneous enhancement, showing continuity with
the surrounding gallbladder epithelium®®. Furthermore,
cholangio-MRI can detect stones into the choledocust™ >,
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Therapeutic options

The evidence regarding current management of AMG
in children is poor. Whilst, in case of symptomatic
patients, the need for surgery is obvious, management
of asymptomatic children is still debated™. Considering
the remote but possible degeneration leading to cancer
and the feasibility of laparoscopic cholecystectomy
even in small children™!, conservative treatment and
ultrasonographic monitoring should be reserved only to
patient subsets with clear contraindications to surgery.
In contrast, evidence suggest that elective laparoscopic
cholecystectomy represents the treatment of choice for
children as well as adults. Pre-operative evaluation of
the extrahepatic biliary tree anatomy with cholangio-
MRI is strongly recommended.
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Abstract

Aural atresia is a rare congenital malformation of the
external and middle ear. There are several syndromic
associations of this anomaly with those involving
the first and second branchial arches. Occurrence
of aural atresia with sclerosing skeletal dysplasia
is unknown and has never been reported. The co-
existence of a sclerosing dysplasia can make the sur-
gical treatment in aural atresia difficult and risky; and
the auditory improvement may not be as expected.
Moreover, internal auditory canal narrowing and hence
sensorineural hearing loss in sclerosing dysplasia might
add to the already existing conductive hearing loss in
such patients. In this case report we have described
an unknown association of bilateral microtia with
sclerosing skeletal dysplasia (autosomal dominant
osteopetrosis) and clinical implications of these two
conditions occurring together leading to a change in
the management plan.

Key words: Aural atresia; Osteopetrosis; Congenital
hearing loss; Microtia

© The Author(s) 2016. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Congenital aural atresia and microtia are one
of the most challenging surgeries for an ear, nose, and
throat surgeon. It is imperative to know when not to
operate a patient. Improper patient selection may not
benefit the patient in terms of hearing improvement
rather it may further add to complications like chronic
cavity infection and potential risk of facial nerve injury.
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Imaging plays an important role in preoperative
evaluation and selection of appropriate surgical
candidates. This case shows incidental detection of
previously unsuspected osteopetrosis in a child having
profound congenital hearing loss due to congenital
bilateral aural atresia that posed difficulty in treatment
and required change in management from surgery to
bone anchored hearing aid.

Verma R, Jana M, Bhalla AS, Kumar A, Kumar R. Diagnosis of
osteopetrosis in bilateral congenital aural atresia: Turning point
in treatment strategy. World J Clin Pediatr 2016; 5(2): 228-233
Available from: URL: http://www.wjgnet.com/2219-2808/full/
v5/i2/228 htm DOI: http://dx.doi.org/10.5409/wjcp.v5.i2.228

INTRODUCTION

Aural atresia is a rare congenital malformation af-
fecting the external, middle and rarely the inner ear
structures with an incidence of 1:10000 to 1:20000
live births™, It is more often unilateral, and male
to female ratio is 2:1. Though the entity is usually
sporadic, upto 30%-40% cases may have syndromic
association with Goldenhar’s syndrome, Treacher Collin
syndrome, De Grouchy, Crouzon syndrome, Branchio-
oto-renal syndrome and hemifacial macrosomia™.
However, none of the described associated syndromes
are known to have generalised increased bone density,
and alternatively none of the sclerosing skeletal
dysplasia is known to be associated with microtia.

We present an unusual case of incidental radiological
detection of autosomal dominant osteopetrosis (ADOP)
during pre-operative evaluation of a child with congenital
bilateral microtia and its clinical implications in terms of
patient management and treatment measures.

CASE REPORT

A 12-year-old adolescent female was referred to our
department for High resolution computed tomography
(HRCT) of temporal bone as a part of routine microtia
work-up. Her both pinnae were severely malformed
(Figure 1) and she had profound hearing loss since
birth. She was not using any hearing aids. There
was no history of similar condition in immediate or
extended family members. There was no history of
consanguineous marriage and drug exposure during
pregnancy.

Audiometry revealed bilateral mixed (conductive as
well as sensorineural) hearing loss. HRCT revealed that
both cartilaginous external auditory canal (EAC) were
narrowed while bony EAC and middle ear cavity were
normal in size (Figure 1). Stapes was not visualised and
oval window was shallow on both sides with bilateral
poor pneumatisation of mastoids. There was Eustachian
tube block with resultant soft tissue opacification of
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both the middle ears. Soft tissue opacification, ossicular
erosion and erosion of tegmen tympani was also noted
on right side suggesting congenital cholesteatoma
(Figure 2). Besides the external and middle ear
anomalies related to aural atresia the additional striking
finding on CT was generalised bone thickening and
sclerosis with loss of definition of the inner and outer
table involving skull base and calvarial bones. There
was bilateral internal auditory canal (IAC) narrowing
consequent to calvarial thickening but vestibule, cochlea
and the semicircular canals were normal (Figure 3).

In view of sclerosis of skull bones skeletal survey
was done for further evaluation. On skeletal survey,
both axial and appendicular skeleton were affected,
and there was mild generalised increase in bone
density with sclerosis noted along superior as well as
inferior vertebral endplates. The cortico-medullary
differentiation of long bones was lost (Figure 4). There
was no premature sutural closure, wormian bones
and the shape of skull was normal. No endobones
were seen and there was no abnormal soft tissue
calcification or ossification of interosseous membranes.
Based on these skeletal findings metabolic cause or a
sclerosing skeletal dysplasia was suspected.

Biochemical workup revealed normal renal func-
tions (Urea = 22 mg/dL, creatinine = 0.7) and blood
counts (Hb = 13.4 g%). Serum calcium (9.6 mg%),
phosphorus (4 mg/dL), alkaline phosphatase (90 IU/L),
parathormone (PTH = 50 pg/mL) and fluoride levels
(1.5 pumol/L) were within normal limits. This ruled out
the diagnosis of metabolic bone disease and a final
impression of sclerosing skeletal dysplasia likely ADOP
was made (Figure 4).

DISCUSSION

Microtia refers to a malformed external ear or pinna,
anotia denotes a more severe degree of deformity.
EAC atresia refers to a narrowed or hypoplastic
external auditory canal. Aural atresia is a birth defect
that is characterised by hypoplasia of the EAC; often
with pinna deformity and malformations of the middle
ear, and rarely the inner ear structures.

Development of external and middle ear starts at
six weeks of pregnancy from first and second branchial
arches and is completed by twenty weeks"!. EAC
develops from the ectodermal components of the first
branchial pouch. Meatal plug (mesodermal derivative)
recanalizes and forms the EAC at the end of 28"
week. Failure of recanalization leads to congenital
aural atresia. Owing to common developmental origin,
microtia and aural atresia can be associated with other
craniofacial malformations resulting from abnormal
development of first and second branchial arch
structures. In addition to the syndromic associations
described above, various non-syndromic associations
known are facial asymmetry, facial nerve weakness,
cleft lip and cleft palate, urogenital defects, and
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Figure 1 Bilateral dysplastic pinnae. Note preauricular skin tag on right side (circle). Axial HRCT (C and D) showing bilateral mild narrowing of cartilaginous
EAC (arrows) and normal bony EAC (dotted arrow) with ear wax. Also seen are the thickened sclerotic calvarial bones with loss of normal medullary cavity (asterisk).

EAC: External auditory canal.

Figure 2 Axial high resolution computed tomography images. (A and B) showing soft tissue opacification in bilateral middle ears (A) with erosion of head of head
of malleus (arrows). Coronal reformatted CT image (C) showing thinning and erosion of tegmen tympani (dotted arrows) secondary to cholesteatoma.

craniovertebral malformations™*.

Although sclerosing skeletal dysplasia like oste-
opetrosis can cause hearing loss by EAC and IAC
narrowing due to bony involvement the deformity
of pinna can not be explained. To the best of our
knowledge, associations of microtia with sclerosing
skeletal dysplasia has never been described in English
medical literature.

Diffuse skeletal sclerosis can be caused by scle-
rosing skeletal dysplasias; and secondary to various
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other conditions such as renal osteodystrophy, hypo-
parathyroidism, fluorosis; Beryllium, lead and bismuth
poisoning; myelofibrosis; Paget’s disease (sclerosing
form); and malignancies (lymphoma, osteoblastic cancer
metastases)™..

Osteopetrosis is the prototype of sclerosing skeletal
dysplasia caused by deficient osteoclastic resorption
of the primary spongiosa. It can be inherited both as
autosomal dominant and autosomal recessive forms.
Autosomal recessive osteopetrosis (AROP) has a more
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Figure 3 Coronal reformatted high resolution computed tomography. (A) image showing thickened sclerotic bones causing narrowing of bilateral internal auditory
canal (arrows); normal cochlea and vestibule seen in both ears on axial high resolution computed tomography image (B).

Figure 4 Skeletal survey. Note generalised increased bone density in all the radiographs (A to F). Calvarial bones as well as skull base are thickened (A), lung fields
are normal with sclerotic ribs (B). No paraspinal masses to suggest extra medullary hematopoiesis. Sclerosis of pelvic bones with subtle blurring of cortico-medullary
is differentiation in long bones (arrow heads). Sclerosis along vertebral endplates (dotted arrow) leading to “rugger jersy spine” (D and E).

severe disease course and early onset of disease.
ADOP is ten times more common than AROP; is usually
asymptomatic, and is usually discovered incidentally
on plain radiographs'®”). It classically displays the
radiographic sign of “sandwich vertebrae”. The main
complications are confined to the skeleton, including
fractures, scoliosis, hip osteoarthritis and osteomyelitis,
particularly affecting the mandible in association with
dental abscess or caries. The mainstay of diagnosis
is clinical and largely depends on the radiographic
appearance of the skeleton. In the absence of typical
radiographic findings, raised concentrations of the
creatine kinase BB isoenzyme and tartrate resistant
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acid phosphatase (TRAP) can be helpful in making the
diagnosis of ADOP™!,

The goals of management in aural atresia are:
(1) cosmetic reconstruction of the pinna; (2) canal
reconstruction; and (3) hearing restoration.

Successful restoration of hearing in aural atresia
after surgery depends on an intact sensorineural
hearing. Contraindications to surgery are significant
sensory neural hearing loss (SNHL) or inner ear
malformation, limited middle ear-mastoid pneu-
matisation or a significantly hypoplastic middle-ear
cleft. Pre-surgical work-up includes evaluation of
sensorineural hearing by auditory brainstem response;

May 8,2016 | Volume 5 | Issue2 |



Verma R et a/. Congenital aural atresia with osteopetrosis

and structural evaluation by HRCT of temporal bone.
HRCT temporal bone is the most important imaging
for pre-surgical evaluation; it differentiates surgical
from non-surgical candidates and detects conditions
that might increase the surgical risk (for example,
anomalous facial nerve course, aberrant vascular
structures, low lying tegmen tympani®®*). The status
of atretic plate, pneumatisation of middle ear and
mastoid, anatomy of ear ossicles, course of facial
nerve and inner ear morphology are other important
part of assessment'®, Radiologically the most
frequently followed scoring system is the Jahrsdoerfer
scoring system, lesser the score poorer is the surgical
outcome?.,

Causes of hearing loss in patients with osteopetrosis
may vary*?. Hearing is less commonly affected than
vision, with approximately one third of patients having
some degree of hearing loss. The deafness is probably
secondary to a combination of bony compression of
the nerve due to narrowing of IAC, sclerosis of the
middle ear ossicles, chronic middle ear effusion due
to Eustachian tube block, EAC and middle ear cavity
narrowing. Our patient had associated pinna deformity,
which can not be explained by osteopetrosis itself,
and it implies that the EAC atresia in our patient is
unrelated to ADOP.

Our case had microtia with bilateral cartilaginous
EAC atresia and diffuse osteosclerosis. The secondary
causes of osteosclerosis were excluded as she had a
normal blood work-up, no history of exposure to heavy
metals, normal facies, dentition, lip and palate. There
was no pallor and hepatosplenomegaly. The combined
clinical, radiological and biochemical picture led to
diagnosis of sclerosing skeletal dysplasia which was
further categorised as ADOP.

The management of our patient was difficult for
multiple reasons. The expected auditory outcome was
not good; firstly as she presented quite late (post-
lingual deafness) and had not used hearing aids till
then; secondly as there was mixed hearing loss with
a sensorineural component resulting from the IAC
narrowing because of ADOP. Additionally, the sclerosis
of petrous and mastoid temporal bone because of
ADOP made the surgery demanding; posing a high
risk of facial nerve and cochlear injury resulting from
excessive drilling. Since cosmetic reconstruction was
still a feasible option, the patient was counselled
for cosmetic reconstruction of the pinnae and Bone
anchored hearing aid (BAHA) for hearing improvement.
Considering poor prognosis and treatment cost patient
refused the treatment and was lost to follow up.

Careful review of literature did not reveal any
association of microtia and generalised increased
bone density. To the best of our knowledge this is the
first case describing bilateral microtia in a child with
sclerosing skeletal dysplasia that was unsuspected
prior to CT evaluation for microtia. The occurrence of
two conditions together may be incidental or there
may be some unknown unidentified association.
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But the importance of this diagnosis lies not on the
etiological cause, rather on the treatment plan. Such
co-existence can mandate a modification of treatment
and careful reconsideration of the potential surgical
risks. The auditory result should also be explained well
to the candidate and the family.

COMMENTS

Case characteristics
Twelve-year-old female with neglected congenital profound hearing loss and
malformed both pinnae.

Clinical diagnosis
Microtia and aural atresia.

Laboratory diagnosis
Normal limits.

Imaging diagnosis
Incidental generalised increased bone density. Skeletal survey consistent with
autosomal dominant osteopetrosis (ADOP).

Treatment
Bone anchored hearing aid offered and cosmetic reconstruction of pinnae but
refused.

Term explanation
Turning point in treatment strategy as undiagnosed ADOP precluded normal
surgical management due to associated changes and potential risks.

Experience and lessons
Imaging diagnosed previously unsuspected skeletal dysplasia and teaches the
lesson of proper patient selection.

Peer-review
The paper is well written.
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