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Abstract
AIM
To evaluate the safety and efficacy of sedating pediatric 
patients for outpatient flexible bronchoscopy.

METHODS
A retrospective chart review was conducted for all chil
dren, age 17 years or under who underwent flexible 
bronchoscopy under deep sedation in an outpatient 
hospital-based setting. Two sedation regimens were 
used; propofol only or ketamine prior to propofol. Patients 
were divided into three age groups; infants (less than 
12 mo), toddlers (1-3 years) and children (4-17 years). 
Demographics, indication for bronchoscopy, sedative 
dosing, sedation and recovery time and adverse events 
were reviewed.

RESULTS
Of the total 458 bronchoscopies performed, propofol 
only regimen was used in 337 (74%) while propofol 
and ketamine was used in 121 (26%). About 99% of 
the procedures were successfully completed. Children 
in the propofol + ketamine group tend to be younger 
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and have lower weight compared to the propofol only 
group. Adverse events including transient hypoxemia and 
hypotension occurred in 8% and 24% respectively. Median 
procedure time was 10 min while the median discharge 
time was 35 min. There were no differences in the indi
cation of the procedure, propofol dose, procedure or 
recovery time in either sedative regimen. When compared 
to other age groups, infants had a higher incidence of 
hypoxemia.

CONCLUSION
Children can be effectively sedated for outpatient flexible 
bronchoscopy with high rate of success. This procedure 
should be performed under vigilance of highly trained 
providers.

Key words: Pediatric flexible bronchoscopy; Propofol; 
Deep sedation; Procedural sedation; Sedation time; 
Hypoxemia

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

Core tip: In this retrospective study “Intensivist-based 
deep sedation using propofol for pediatric outpatient 
flexible bronchoscopy”, we are presenting our center data 
on pediatric patients who underwent flexible bronchoscopy 
under deep sedation using propofol. The study outlines 
our experience with intensivist-based procedural sedation 
as an effective strategy to facilitate successful completion 
of flexible bronchoscopy. This is the largest retrospective 
study describing the use of propofol-based procedural 
sedation in the outpatient settings for pediatric flexible 
bronchoscopy.

Abulebda K, Abu-Sultaneh S, Ahmed SS, Moser EAS, McKinney 

RC, Lutfi R. Intensivist-based deep sedation using propofol for 
pediatric outpatient flexible bronchoscopy. World J Crit Care 
Med 2017; 6(4): 179-184  Available from: URL: http://www.
wjgnet.com/2220-3141/full/v6/i4/179.htm  DOI: http://dx.doi.
org/10.5492/wjccm.v6.i4.179

INTRODUCTION
In the last two decades, flexible bronchoscopy (FB) has 
become an increasingly important outpatient tool used in 
the evaluation of pulmonary abnormalities in children[1,2]. 
As FB allows direct visualization of the patient’s upper and 
lower airway larynx[3], it has been used as a diagnostic 
and therapeutic tool for chronic cough, wheezing, cystic 
fibrosis and infection etiologies in immunocompetent 
and immunocompromised patients[4] to diagnose various 
congenital or acquired pediatric airway anomalies/
abnormalities. 

While the need for appropriate sedation for FB is con­
troversial in adults[5], deep sedation is generally needed 
in children due to their developmental capabilities and 
airway anatomy in order to blunt the airway protective 

reflexes and suppress the cough stimulus. Using deep 
sedation not only decreases a child’s distress and 
discomfort but also significantly increases the chance 
of a successful completion of the procedure[1,6]. Multiple 
sedation regimens and route had been evaluation 
including nasal, oral, intravenous and topical anesthetic[7]. 
Commonly used drugs for sedation for FB include a 
benzodiazepine and opioids combination or ketamine 
with or without benzodiazepine[6,8,9].

Propofol is an iv sedative-hypnotic agent that is used 
for induction and maintenance of deep sedation and 
general anesthesia[10]. Propofol has many properties, 
including a rapid onset, short duration of action with rapid 
recovery time and minimal adverse events, which makes 
it an ideal agent for pediatric sedation in the outpatient 
setting[11]. Emerging data support the safety and efficacy 
of using propofol outside the operating room for pediatric 
outpatient procedures by qualified physicians trained 
in sedation with advanced airway management[1,12]. Ad­
ditionally, with increasing numbers of pediatric patients 
undergoing diagnostic and therapeutic FB and the 
relative shortage of anesthesiologists and operating 
room availability, other pediatric subspecialists, such 
as pediatric critical care physicians, have stepped in to 
provide pediatric procedural sedation[13-15]. 

Ketamine is a dissociative agent that has analgesic, 
sedative and amnestic properties. It has been frequently 
used to facilitate painful procedures in children and has 
proven to be safe and effective in numerous studies[16]. 
However, despite the reported safety of ketamine in these 
studies, it had been reported that high dose ketamine 
could result in respiratory depression and excessive 
salivary secretions leading to adverse respiratory 
events[17].

The combination of propofol and ketamine for ped­
iatric sedation had been reported to provide optimal 
hemodynamic stability and reduced adverse effects 
when compared to propofol alone[18-20]. Additionally, the 
combination of propofol and ketamine had been shown to 
be beneficial in other medical fields because of allowing 
lower doses of propofol resulting in the reduction of the 
undesirable adverse effects[20]. Many authors reported 
the advantages of propofol-ketamine combination in 
terms of hemodynamic profile and pain control in cancer 
patients undergoing painful procedures[19]. 

The purpose of this study is to review the author in­
stitution’s experiences using propofol-based deep, 
procedural sedation regimens for pediatric flexible 
bronchoscopy in an outpatient setting.

MATERIALS AND METHODS
This retrospective study was approved by the insti­
tutional review board of the Indiana University. All 
pediatric patients between the ages of two months 
to seventeen years of age undergoing deep sedation 
for flexible bronchoscopy from March 2007 to August 
2012 were included. Patients were divided into three 
age groups; infants (less than 12 mo), toddlers (1-3 
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years) and children (4-17 years). Patients in whom 
flexible bronchoscopy evaluation was performed in the 
Pediatric Intensive Care Unit through tracheostomy or 
endotracheal tube were excluded. All bronchoscopies were 
performed at the Riley Hospital for Children at Indiana 
University Health System by a pediatric pulmonologist 
with the assistance of a respiratory therapist at our de­
dicated outpatient sedation room.

History and physical exam were performed and 
documented according to the American Academic of 
Pediatrics (AAP) guidelines for sedation[21]. Written consent 
was obtained from the parents or guardian prior to the 
procedure. Sedation was performed by a sedation team 
consisting of a pediatric intensivist and two sedation 
nurses with a pediatric critical care background who 
monitored the patient during and after each procedure. 
Guidelines have been laid down by the AAP regarding 
monitoring, management and discharging children 
during procedural sedation[21]. All patients were either 
classified as ASA-PS Ⅱ or Ⅰ per American Society of 
Anesthesiologists-Physical Status classification system. 
Patients were without any oral intake for at least 6 h prior 
to the procedure and had an intravenous catheter placed 
by sedation team. Physiologic parameters such as heart 
rate, respiratory rate, oxygen saturation and noninvasive 
blood pressure were measured every 5 min throughout 
the procedure and every 15 min after its completion 
until the patient was fully awake. Supplemental oxygen 
(2 L per min) was administered via nasal cannula to 
the majority of the patients (92%) before and during 
the procedure. Prior to sedation, each patient received 
viscous lidocaine to the nare, a transnasal approach was 
used for all procedures. Additional doses of lidocaine were 
applied to the vocal cords, trachea and major bronchi as 
required per pulmonologist. 

Two sedation strategies were used; intravenous (iv) 
propofol only (P-O) and iv ketamine prior to iv propofol 
(K-P), solely based on the intensivist preference. When 
ketamine was used, it was administered as an initial 
bolus of 0.5 mg/kg for patients who weigh less than 20 
kg and 0.25 mg/kg for patient’s weight more than 20 
kg. Propofol was administered as an initial bolus of 1-2 
mg/kg with additional boluses of 1 mg/kg as needed to 
achieve deep sedation (level 3) based on University of 
Michigan sedation scale[22]. 

Adverse events were recorded including development 
of hypoxemia (oxygen saturation of less than 90% for 
more than 30 s), hypotension (drop in systolic blood 
pressure below expected for age or a drop of 20% from 
baseline), worsening stridor from baseline, and bleeding 
(hemoptysis or epistaxis). Serious adverse events such 
endotracheal intubation, respiratory or cardiac arrest or 
failure to complete the procedure were also recorded. 

Procedure time was defined as the time between the 
first bolus of sedation until the bronchoscopy procedure 
completed. Recovery time (RT) was defined as the 
interval between the completions of the procedure until 
the patient’s level of conscious was back to baseline. 
Discharge time (DT) was defined as the interval between 

the start of sedation until the patient was discharged 
home.

Outcomes analyzed included: Propofol dose, hy­
poxemia, hypotension, procedure and recovery times, 
and time to discharge. For the two sedation strategies, 
bivariate analyses were conducted using χ 2 and Wilcoxon 
Sum Rank Tests. For the three age groups, bivariate 
analyses were conducted using χ 2 and Kruskal-Wallis 
Tests. 

RESULTS
During the study period, a total of 458 bronchoscopies 
were performed, of which 454 (99.1%) were successfully 
completed. Patients’ demographics and indications 
for bronchoscopy are summarized in (Table 1). Of the 
458 flexible bronchoscopies performed, 337 patients 
(73.6%) were sedated using propofol only strategy and 
121 patients (26.4%) using propofol and ketamine. 
Children in the (K-P) group tend to be younger and have 
lower weight compared to the (P-O) group. Four cases 
(< 1%) (3 in the P-O group, 1 in the K-P group) were 
terminated early. Two patients (< 0.5%) were admitted 
to the pediatric intensive care unit; one toddler in the 
P-O group and one child in the K-P group. One of the 
four patients required endotracheal intubation; two other 
patients required fluid resuscitation and one patient 
had a brief bradycardic episode. Both admitted patients 
were discharged home in the first 24 h of admission. 
Transient hypoxemia occurred in 8.3% of patients while 
hypotension in 23.6%. Prolonged hypoxemia nece­
ssitating the need for bag/mask ventilation happened in 
5.1% of all patients (Table 2). There was no significant 
difference in propofol dosage, adverse effects or sedation 
times using the two sedation strategies (P-O or K-P) 
(Table 2). Analysis of the three age groups showed 
significantly higher hypoxemia in infants compared to 
toddlers and children (Table 3). A logistic regression of 
age groups predicting hypoxemia showed that infants 
have significantly higher odds of hypoxemia compared to 
toddlers (P < 0.0001, OR: 13.56, 95%CI: 3.92, 46.91), 
and compared to children (P < 0.0001, OR: 10.96, 
95%CI: 3.65, 32.91). However, children and toddlers do 
not have significantly different odds of hypoxemia (P = 
0.62).

DISCUSSION 
FB is an essential diagnostic and therapeutic modality 
commonly used in various congenital and acquired 
pediatric pulmonary disorders[9,23]. 

To the best of our knowledge, this is the largest 
retrospective study describing the use of propofol with 
or without ketamine for procedural sedation in the 
outpatient settings for pediatric FB.

Between 2007 and 2012, we have used propofol as the 
main intravenous sedative agent for pediatric outpatient for 
FB. Propofol was well tolerated in the majority of pediatric 
patients undergoing the FB. Compared with the study of 
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Table 2  Average doses, sedation times and adverse events

Hasan and Reddy, our RT and discharge time DT were 
significantly shorter (26.7 ± 14.3 min vs 40 ± 18 min) and 
(37.6 ± 16.1 min vs 80 ± 44 min) respectively[24]. These 
findings can be due to the variability in indications and the 
practice of FB in pediatrics. Additionally, our propofol dose 
used is in line with the findings in another study to evaluate 
the use of propofol in pediatric FB[1] with no significant 
difference between three age groups or sedation regimens. 

The routine administration of small dose ketamine 
prior to propofol has been shown in some studies to 
be beneficial in maintaining hemodynamic stability and 
decreasing side effect profile of propofol[18,19]. We used 
ketamine prior to propofol in only one fourth of our 
patient population but we did not observe significant 
difference in the adverse events between two groups. 
Also, we observed no difference in the average propofol 
dose between the groups. Additionally, RT and DT were 
similar in both groups. It is unclear whether there is 

truly no difference when adding ketamine to propofol 
or if it was due to small sample size or could be related 
to the fact that ketamine dose is too low to achieve 
anesthetic effect.  

In term of adverse events and comparing to the 
data from the Pediatric Sedation Research Consortium 
on propofol sedation, we observed higher incidence of 
transient hypoxemia, hypoxemia required bag/mask 
ventilation and unexpected hospital admission in our 
study (8% vs 1.4%, 5% vs 1%, 0.4% vs 0.07% 
respectively)[14]. The higher incidence of these adverse 
events could be related to the nature of the procedure. 
Additionally, the pediatric research consortium data did 
not include pediatric patients who undergo this category 
of procedures. However, our findings are consistent with 
other reported data of complications of FB in children[3,25]. 
Our infants group had a significantly higher incidence 
of transient hypoxemia in infants compared to toddlers 

Table 1  Demographics and indications of bronchoscopy in patients

Variable Overall (n  = 458) Propofol only (n  = 337) Propofol ketamine (n  = 121) P  value

Age, yr 5.0 (2.5, 9.1) 5.6 (2.8, 9.8) 3.4 (1.9, 6.6) < 0.0001
Age group, n (%)
  Infant (< 12 mo) 15 (3.3)   6 (1.8) 9 (7.4) < 0.0001
  Toddler (1-3 yr) 132 (28.8)   84 (24.9) 48 (39.7)
  Child (4-17 yr) 311 (67.9) 247 (73.3) 64 (52.9)
Weight (kg) 18.1 (13.1, 31.8) 20.0 (14.4, 33.0) 14.7 (11.2, 26.0) < 0.0001
Female gender, n (%) 198 (43.2)    143 (42.4) 55 (45.5) 0.57
Diagnosis, n (%)
  Cystic fibrosis 38 (8.3) 29 (8.6) 9 (7.4)
  Cough   93 (20.3)   62 (18.4) 31 (25.6) 0.38
  Wheezing 108 (23.6)   87 (25.8) 21 (17.4)
  Stridor   56 (12.2)   41 (12.2) 15 (12.4)
  Pneumonia   57 (12.4)   42 (12.5) 15 (12.4)
  Tachypnea 106 (23.1)   76 (22.6) 30 (24.8)

Variable Overall (n  = 458) Propofol only (n  = 337) Propofol ketamine (n  = 121) P  value

Propofol dose (mg/kg)       4.1 (2.7, 5.6)       4.2 (2.7, 5.6)       3.7 (2.8, 5.2) 0.3
Procedure time (min)    10 (6, 15)    10 (7, 12)    10 (5, 15) 0.3
Recovery time (min)      25 (20, 30)      25 (20, 30)      25 (20, 35)   0.63
Time to discharge (min)      35 (30, 43)      35 (30, 40)      35 (30, 45)   0.31
Respiratory events
Prophylactic use of O2 supplementation prior to 
bronchoscopy, n (%)

423 (92.4) 311 (92.3) 112 (92.6)   0.92

Hypoxemia, n (%) 38 (8.3) 29 (8.6)   9 (7.4)   0.69
BMV/significant desaturation1, n (%)   0.58
  Neither 413 (91.2) 302 (90.7) 111 (92.5)
  BMV + significant desaturation 23 (5.1) 16 (4.8)   7 (5.8)
  Significant desaturation only 16 (3.5) 14 (4.2)   2 (1.7)
  BMV use only 1 (0.2)   1 (0.3) 0 (0)
Cardiac events
Start MBP         77.7 (70.3, 86.7)         78.3 (71.3, 86.3)         76.3 (68.0, 88.7)   0.58
End MBP         70.3 (63.0, 78.7)         71.0 (64.0, 79.3)         68.7 (61.7, 76.3)   0.04
Difference in MBP         -7.5 (-17.0, 2.0)         -6.7 (-16.0, 2.7)         -8.7 (-19.0, 0.7)   0.12
% Change MBP from start of procedure         -9.8 (-20.0, 3.0)         -9.2 (-18.8, 4.3)       -10.5 (-22.8, 0.7)   0.12
Blood pressure drop more than 20% from the baseline 
(hypotension)

   108 (23.6%)      76 (22.6%)      32 (26.4%) 0.4

1Significant desaturation defined as oxygen saturation of less than 90% for more than 30 s. BMV: Bag mask ventilation; MBP: Mean arterial blood pressure.
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and children (46.7%, 6% and 7% respectively). While 
infants are only 3% of our study population. This could 
be due to some difficulty in delivering O2 by nasal 
prongs to younger children or due to their low functional 
residual capacity. Given the high incidence of transient 
hypoxemia, infants might benefit from having their 
bronchoscopies performed under general anesthesia with 
a secure airway. Two children in our study had major 
unexpected complications requiring hospital admission 
(0.4%). Both were discharged home in the next day. 

Our study has a number of limitations, including its 
retrospective nature and the fact that it was conducted 
at a single institution. As a retrospective report, there are 
many variables that are impossible to control and any 
comparison of our techniques is really made impossible 
by the possible bias that is introduced by how our 
sedation providers may have chosen to deliver sedation 
to one patient vs another. In regards to the sedation 
regimen used or the need for oxygen supplementation, 
it was chosen by the attending physician based on 
personal preference and experience. However, statistical 
analysis showed no difference between the two sedation 
regimens. Lastly, we did not compare the efficacy, 
adverse events and the cost of performing these pro­
cedures as an outpatient setting to the operation room 
setting under general anesthesia, future study comparing 
both settings with tightly controlled protocols and well 
defined outcomes would provide important information. 
The purpose of this study was not to compare between 
these two approaches, rather to describe our experience 
using propofol based sedation regimen for pediatric 
outpatient flexible bronchoscopy as an alternative 
approach that might be applied in certain institutions. 

In conclusion, children can be sedated using propofol 
based sedation regimen for flexible bronchoscopy vs a 
pediatric intensivist-based team in an outpatient setting 
with expediency and high rate of success. Given the 
nature of the procedure, we observed a higher incidence 
of transient hypoxemia especially in infants and an 
overall higher incidence of hypoxemia compared to other 
procedures done under the same setting. This approach 
can be appealing since it provides an alternative valuable 
option to general anesthesia with a short recovery and 
discharge time. Given the higher incidence of anticipated 
adverse events, the use of this sedation strategy 
should be restricted to practitioners highly trained in 
pediatric airway and cardiorespiratory monitoring and 

management. Future study comparing this strategy to 
general anesthesia to determine any economical and 
workflow advantages and monitor adverse events is 
warranted.  
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Abstract
AIM
To prospectively evaluate the reproducibility of diaphragm 
thickness measurement by ultrasonography at the bed
side by critical care physicians in patients on invasive 
mechanical ventilation.

METHODS
In a prospective observational study of 64 invasively 
ventilated patients, diaphragmatic thickness measurement 
was taken by 2 different observers at the same site. 
Three measurements were taken by each observer and 
averaged. The intraobserver and interobserver variability 
was assessed by estimation of intraclass correlation coe
fficient. The limits of agreement were plotted as the 
difference between two observations against the average 
of the two observations in Bland and Altman analysis.

RESULTS
The mean diaphragm thickness at the functional residual 
capacity was 2.29 ± 0.4 mm and the lower limit of the 
normal, i.e. , the 5th percentile was 1.7 mm (95%CI: 
1.6-1.8). The intraclass correlation coefficient for intra
observer variability was 0.986 (95%CI: 0.979-0.991) 
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with a P  value of < 0.001. The intraclass correlation 
coefficient for interobserver variability was 0.987 (95%CI: 
0.949-0.997) with a P value of < 0.001. In Bland and 
Altman analysis, both intraobserver and interobserver 
measurements showed high limits of agreement. 

CONCLUSION
Our study demonstrates that the measurement of dia
phragm thickness by ultrasound can be accurately per
formed by critical care physicians with high degree of 
reproducibility in patients on mechanical ventilation.

Key words: Diaphragm; Ultrasonography; Mechanical 
ventilation

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

Core tip: Ultrasonography (USG) is a cheap, cost effective 
and non-invasive bedside tool for evaluation of diaphragm 
thickness during mechanical ventilation. Measurement 
of diaphragm thickness by USG can be accurately per
formed by critical care physicians with high degree of 
reproducibility. USG should be used more often by the 
physicians in the intensive care unit for the assessment of 
the diaphragm.

Dhungana A, Khilnani G, Hadda V, Guleria R. Reproducibility of 
diaphragm thickness measurements by ultrasonography in patients 
on mechanical ventilation. World J Crit Care Med 2017; 6(4): 
185-189  Available from: URL: http://www.wjgnet.com/2220-3141/
full/v6/i4/185.htm  DOI: http://dx.doi.org/10.5492/wjccm.v6.i4.185

INTRODUCTION
Invasive mechanical ventilation causes progressive decline 
in diaphragm bulk and strength in a phenomenon called 
ventilator induced diaphragm dysfunction[1]. Diaphragm 
movement and function can be assessed by various 
methods which include chest X-ray, supine vital capacity, 
maximum inspiratory pressure, electromyography and 
magnetic phrenic nerve stimulation. Ultrasonography 
(USG) is a cheap, cost effective and non-invasive bedside 
tool for evaluation of diaphragm thickness. It has been 
used successfully to measure diaphragm thickness and 
movement in ambulatoryin dividuals[2,3]. Diaphragm 
thickness is a surrogate of its strength and helps to predict 
the outcome of extubation in patients on mechanical 
ventilation[4,5]. However, localization and measurement 
may be more difficult in critically ill ventilated patients 
in the intensive care unit (ICU) due to significant 
subcutaneous edema and supine position. The variability 
may also be due to variation in image acquisition and 
interpretation.

MATERIALS AND METHODS
This was a prospective observational study done in mech

anically ventilated patients admitted to the Pulmoanry 
Medicine ICU, All India Institute of Medical Sciences, New 
Delhi. Ethical clearance was obtained from the Institute 
Ethics Committee and written informed consent was 
obtained in all patients. Diaphragm measurements were 
taken within the 1st 24 h of ICU admission.

Inclusion criteria
The inclusion criteria including: (1) patients aged > 18 
years and requiring endotracheal intubation and mechanical 
ventilation; and (2) admitted to the ICU within 72 h of 
initiation of mechanical ventilation.

Exclusion criteria
The exclusion criteria including: (1) mechanical ventilation 
for more than 72 h before admission; (2) any form of 
mechanical ventilation in the preceding 3 mo or those 
who are on home non-invasive or invasive ventilation; (3) 
surgical dressings over the right lower rib cage; and (4) 
surrogates of the patient not willing for consent.

Observer training
Both observers who conducted the ultrasonography 
were provided training in ultrasonographic measurement 
of diaphragm thickness by a radiologist in 3 sessions, 
each session lasting 30 min.

Measurement of diaphragm thickness
All ultrasound examinations were done with Sonosite 
Micromaxx Portable Ultrasound Machine (Sonosite, Inc. 
United States) using the B-mode and a 5-10 MHz linear 
transducer. Patients were put in a supine position at 0 ℃ 
of incline. The same incline was used for all subsequent 
measurements for a given patient. Diaphragm thickness 
was measured in right hemi diaphragm in the zone of 
apposition. USG probe was positioned at the 8th or 9th 
right intercostal space with vertical orientation in the 
mid-axillary line and adjusted until the diaphragm was 
properly visualised. The distal end of the transducer 
was marked with permanent ink. The diaphragm was 
identified as the last set of parallel lines, the pleural and 
peritoneal membranes overlying the less echogenic 
muscle. Figure 1 shows an USG sample image of a 
patient taken at end expiration. Three measurements 
of the diaphragm thickness were taken and averaged 
to report the mean. In 10 randomly selected patients, 
diaphragm thickness was re-measured on the same day 
by 2nd observer who was blinded to the results of the 1st 

observer. The results of diaphragm measurements were 
not revealed to the treating physician nor it was taken 
into consideration in any clinical decision-making or 
management of the patients.

Statistical analysis
The primary outcome was intraobserver and interobserver 
variability of the measurements. The intraobserver 
variability was assessed by estimation of intraclass 
correlation coefficient using the three observations in the 
same patient by the 1st observer. Interobserver variability 
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was tested between observations made by the 1st and 
the 2nd observers in the same subjects. The limits of 
agreement were plotted as the difference between two 
observations against the average of the two observations 
in Bland and Altman analysis. Data was analysed using 
International Business Machine (IBM) SPSS Statistics for 
Windows, Version 20.0. Armonk, NY: IBM Corp.

RESULTS
Baseline characters
A total of 106 patients admitted to the ICU were 
assessed for eligibility and inclusion into the study. Forty 
two of the 106 were excluded as they did not meet the 
eligibility criteria. Right hemidiaphragm localisation for 
measurement of thickness was successful in 64 out of 
66 (97%) subjects. The flow of the patients enrolled 
into the study is shown in Figure 2. 

The mean age of the study population was 54.5 
± 15.3 years. The mean diaphragm thickness at the 
functional residual capacity was 2.29 ± 0.4 mm and the 
lower limit of the normal, i.e., the 5th percentile was 1.7 
mm (95%CI: 1.6-1.8).The baseline characteristic of the 
study population is depicted in Table 1.

Intraobserver variability
The intraclass correlation coefficient was 0.986 (95%CI: 
0.979-0.991) with a P value of < 0.001. In Bland and 
Altman plots, 2 out of 64 observations were outside the 
limits of agreement when first and second measurements 
were compared. Similarly 1 out of 64 observations was 
outside the 95% limit of agreement when the second and 
third or first and third measurements were compared.

Interobserver variability
The intraclass correlation coefficient of interobserver 
variability was 0.987 (95%CI: 0.949-0.997) with a P 
value of < 0.001. In Bland and Altman analysis, no mea
surements were outside the limit of agreement. Bland and 
Altman plots of intraobserver and interobserver agreement 
are shown in Figure 3.

DISCUSSION
Diaphragm is the principal muscle of respiration and 
its proper functioning is the critical determinant of the 
ability of a patient to be successfully weaned from 
mechanical ventilation. Assessment of diaphragm 
thickness and function is relevant to clinical practice 
because diaphragm dysfunction is an important cause of 
complications in mechanically ventilated patients[1,4]. We 
were able to successfully measure diaphragm thickness 
in 64 of the 66 (97%) patients who were eligible to 
participate in the study. This finding is important as 

Figure 1  Ultrasonography image of a patient taken at end expiration. 
Diaphragm identified as the last set of parallel line, pleural and peritoneal 
membranes overlying the less echogenic muscle.

Screened: 106

Excluded
(1) Mechanical ventilation for more than 72 h: 24
(2) Receiving home non-invasive ventilation: 12
(3) Right intercostal tube in situ : 3
(4) Poor acoustic window: 2
(5) Declined to participate: 1

Eligible for the study: 64

USG measurement of diaphragm 
thickness by 2nd observer on the 
same day

USG measurement of 
diaphragm at end expiration 
by 1st observer within 24 h of 
inclusion: 64

10 randomly 
selected patients

Figure 2  Flow of the patient enrolled into the study. USG: Ultrasonography.

Table 1  Baseline characters of the study population

Classification Quantity, n  (%)

Mean age, yr 54.5 ± 15.3 
Male sex 45 (70)
Diagnoses
  COPD 20 (31)
  Post tuberculosis sequelae 11 (17)
  Interstitial lung disease   8 (13)
  Asthma 5 (8)
  Lung cancer 5 (8)
  Others1 15 (23)
Mean apache Ⅱ score at admission 15.5 ± 5.3 
Mean diaphragm thickness at FRC (mm) 2.29 ± 0.4 

1Other diagnoses included chronic obstructive pulmonary disease, obstructive 
sleep apnea overlap syndrome, aspiration pneumonia, diabetic ketoacidosis 
and acute respiratory distress syndrome. COPD: Chronic obstructive 
pulmonary disease; FRC: Functional residual capacity.
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measurement of diaphragm thickness by USG is an 
easy to learn, non-invasive bedside tool and is hazard 
free. It also avoids the hassle of shifting the patients out 
of the ICU and the associated complications.

Previous studies have shown that USG measurements 
of diaphragm thickness and movement have high degree 
of reproducibility in both spontaneously breathing and 
mechanically ventilated patients[6-8]. In the study by 
DiNino et al[5] diaphragm thickness was measured by an 
intensivist after an initial training of three to five sessions 
lasting ten to 15 min each. The intra-observer variability 
after such training was less than 10%. Similarly, in the 
study by Schepens et al[9] the coefficient of reproducibility 
was high (0.945 for intra-observer and 0.971 for inter-
observer variability). Francis et al[10] also demonstrated 
both to be greater than 0.95. The intraclass correlation 
coefficients of both intra and inter observer variability in 
our study was high. Our study demonstrates that the 
measurement of diaphragm thickness by ultrasound can 
be accurately performed by critical care physicians after 
a short training with high degree of reproducibility. 

The mean diaphragm thickness in our cohort was 2.29 
± 0.4 mm and the lower limit of normal was 1.7 mm 
(95%CI: 1.6-1.8). Prior studies have reported a diaphragm 
thickness in the range of 1.5 to 3.2 mm in normal healthy 
population[6,11,12]. The diaphragm thickness and contractility 

are minimally affected by age, body habitus and smoking 
history and may differ in different population. Majority of 
the patients in our study had underlying chronic respiratory 
disorder, as the most common diagnoses were chronic 
obstructive pulmonary disease (COPD), post tuberculosis 
sequelae, interstitial lung disease, asthma and lung cancer. 
The mean diaphragm thickness in COPD patients, as 
reported by Baria et al[12] was 2.8 mm and the lower limit 
of normal was 1.4 mm. The diaphragm thickness in COPD 
population was lesser than the normal controls. There was 
also a wider deviations of diaphragm thickness from the 
mean in those with COPD as compared to the controls (SD 
= 1.6 vs 1.3 mm for COPD and controls respectively).

Our study also has some limitations. Though we 
analysed the intraobserver variability of diaphragm 
thickness measurements in all included patients, inter
observer variability was only evaluated in 10 randomly 
selected patients in the study cohort. This was due 
to technical difficulties in performing ultrasonography 
twice in all patients. Hence, the results of interobserver 
agreements may need to be replicated in a larger cohort. 
All the measurements were taken by physicians trained 
in critical care ultrasonography and the radiologist was 
only involved in the initial training of the observers. 
Another limitation of the study is that we only used B 
mode for the measurement of diaphragm thickness. M 

Agreement between 1st and 2nd measurement
2/64 = 3.13% outside the limits of agreement
Mean difference 0.002
95% limits of agreement (-0.027, 0.031)
Averages lie between 0.185 and 0.415

Agreement between 1st and 3rd measurement
1/64 = 1.56% outside the limits of agreement
Mean difference 0.001
95% limits of agreement (-0.031, 0.033)
Averages lie between 0.185 and 0.415

Agreement between observer 1 and observer 2
0/10 = 0.00% outside the limits of agreement
Mean difference -0.002
95% limits of agreement (-0.026, 0.022)
Averages lie between 0.220 and 0.395

Agreement between 2nd and 3rd measurement
1/64 = 1.56% outside the limits of agreement
Mean difference -0.001
95% limits of agreement (-0.026, 0.024)
Averages lie between 0.180 and 0.410
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Figure 3  Bland and Altman plots of intraobserver agreement in diaphragm measurement. The result of three occasions (A-C) and between two observers (D).
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mode USG has also been suggested by some authors 
as an alternative modality to assess diaphragmatic 
excursions[2,8]. Reproducibility compared to a radiologist 
derived measurement would have added more value to 
the results.

In conclusion, the results of our study indicate that 
the measurement of diaphragm thickness by ultrasound 
can be accurately performed by critical care physicians 
with high degree of reproducibility. Hence, USG should 
be used more often by the physicians in the ICU for the 
assessment of the diaphragm.

COMMENTS
Background 
Ultrasonography (USG) is a cheap, cost effective and non-invasive bedside 
tool for evaluation of diaphragm thickness and function during mechanical 
ventilation. However, there may be variability in the measurement of diaphragm 
thickness by USG due to variation in image acquisition and interpretation. 

Research frontiers 
The reproducibility of diaphragm thickness measurement by critical care 
physicians at bedside needs to be further explored. The results from this 
study suggest that the intraobserver and interobserver agreements of the 
measurements by critical care physicians after adequate training is high. 

Innovations and breakthroughs 
This study adds to the current literature of evidence that USG can be used at the 
bedside to measure diaphragm thickness during mechanical ventilation even by 
critical care physicians, and can be used as a guide to assess weaning outcomes. 

Applications 
USG should be used more often by the physicians in the intensive care unit for 
the assessment of the diaphragm.

Terminology
USG: A technique using echoes of ultrasound pulses to delineate objects or 
areas of different density in the body. Diaphragm: The principal muscle of 
inspiration muscle that separates the chest (thoracic) cavity from the abdomen. 
Mechanical ventilation: The technique through which gas is moved toward and 
from the lungs through an external device connected directly to the patient.

Peer-review
The authors describe a study to evaluate the interobserver agreement of 

sonographic measurement of the diaphragm thickness in 64 ventilated patients. 
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