
World Journal of 
Critical Care Medicine
World J Crit Care Med  2017 November 4; 6(4): 179-189

Published by Baishideng Publishing Group Inc

ISSN 2220-3141 (online)



World Journal of
Critical Care MedicineW J C C M

 

Contents

IWJCCM|www.wjgnet.com November 4, 2017|Volume 6|Issue 4|

Quarterly  Volume 6  Number 4  November 4, 2017

              ORIGINAL ARTICLE
              Retrospective Study

179	 Intensivist-based deep sedation using propofol for pediatric outpatient flexible bronchoscopy

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

              Prospective Study

185	 Reproducibility of diaphragm thickness measurements by ultrasonography in patients on mechanical 

ventilation

	 Dhungana A, Khilnani G, Hadda V, Guleria R

REVIEW



Contents
World Journal of Critical Care Medicine

Volume 6  Number 4  November 4, 2017

EDITORS FOR 
THIS ISSUE

Responsible Assistant Editor: Xiang Li     	                 Responsible Science Editor: Jin-Xin Kong
Responsible Electronic Editor: Ya-Jing Lu	                Proofing Editorial Office Director: Xiu-Xia Song
Proofing Editor-in-Chief: Lian-Sheng Ma

EDITORIAL OFFICE
Xiu-Xia Song, Director
World Journal of  Critical Care Medicine
Baishideng Publishing Group Inc
7901 Stoneridge Drive, Suite 501, Pleasanton, CA 94588, USA
Telephone: +1-925-2238242
Fax: +1-925-2238243
E-mail: editorialoffice@wjgnet.com
Help Desk: http://www.f6publishing.com/helpdesk
http://www.wjgnet.com

PUBLISHER
Baishideng Publishing Group Inc
7901 Stoneridge Drive, 
Suite 501, Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.f6publishing.com/helpdesk
http://www.wjgnet.com

PUBLICATION DATE
November 4, 2017

COPYRIGHT
© 2017 Baishideng Publishing Group Inc. Articles 
published by this Open-Access journal are distributed 
under the terms of  the Creative Commons Attribution 
Non-commercial License, which permits use, distribution, 
and reproduction in any medium, provided the original 
work is properly cited, the use is non commercial and is 
otherwise in compliance with the license.

SPECIAL STATEMENT 
All articles published in journals owned by the Baishi
deng Publishing Group (BPG) represent the views and 
opinions of  their authors, and not the views, opinions 
or policies of  the BPG, except where otherwise expli
citly indicated.

INSTRUCTIONS TO AUTHORS
http://www.wjgnet.com/bpg/gerinfo/204 

ONLINE SUBMISSION 
http://www.f6publishing.com

IIWJCCM|www.wjgnet.com

ABOUT COVER

AIM AND SCOPE

Indexing/Abstracting

FLYLEAF

November 4, 2017|Volume 6|Issue 4|

NAME OF JOURNAL 
World Journal of  Critical Care Medicine

ISSN
ISSN 2220-3141 (online)

LAUNCH DATE
February 4, 2012

FREQUENCY
Quarterly

EDITOR-IN-CHIEF
Bart Van Rompaey, BSc, MSc, PhD, Associate 
Professor, Nurse, Faculty of  Medicine and Health 
Sciences, Department of  Nursing and midwifery, Cen-
tre for Research and Innovation in Care, University of  
Antwerp, Wilrijk 2610, Antwerp, Belgium

EDITORIAL BOARD MEMBERS
All editorial board members resources online at http://
www.wjgnet.com/2220-3141/editorialboard.htm

Editorial Board Member of World Journal of Critical Care Medicine , Marc G 

Jeschke, MD, PhD, Director, Associate Professor, Sunnybrook Health Sciences 

Centre, Department of Surgery, Division of Plastic Surgery, University of 

Toronto, Toronto, ON M4N 3M5, Canada

World Journal of  Critical Care Medicine (World J Crit Care Med, WJCCM, online ISSN 
2220-3141, DOI: 10.5492) is a peer-reviewed open access academic journal that aims to 
guide clinical practice and improve diagnostic and therapeutic skills of  clinicians.

WJCCM covers topics concerning severe infection, shock and multiple organ dysfunc-
tion syndrome, infection and anti-infection treatment, acute respiratory distress syndrome 
and mechanical ventilation, acute kidney failure, continuous renal replacement therapy, 
rational nutrition and immunomodulation in critically ill patients, sedation and analgesia, 
cardiopulmonary cerebral resuscitation, fluid resuscitation and tissue perfusion, coagulant 
dysfunction, hemodynamic monitoring and circulatory support, ICU management and 
treatment control, and application of  bronchofiberscopy in critically ill patients. 

We encourage authors to submit their manuscripts to WJCCM. We will give priority to 
manuscripts that are supported by major national and international foundations and those 
that are of  great clinical significance.

	 World Journal of  Critical Care Medicine is now indexed in PubMed, PubMed Central.

I-III	 Editorial Board



Ashesh Dhungana, Gopi Khilnani, Vijay Hadda, Randeep Guleria

ORIGINAL ARTICLE

185 November 4, 2017|Volume 6|Issue 4|WJCCM|www.wjgnet.com

Reproducibility of diaphragm thickness measurements by 
ultrasonography in patients on mechanical ventilation

Ashesh Dhungana, Department of Medicine, National Academy 
of Medical Sciences, Pulmonary Medicine, Kantipath, Kathmandu 
44600, Nepal

Gopi Khilnani, Vijay Hadda, Randeep Guleria, Department of 
Pulmonary Medicine and Sleep Disorders, All India Institute of 
Medical Sciences, New Delhi 110029, India

ORCID number: Ashesh Dhungana (0000-0003-2656-4405); 
Gopi Khilnani (0000-0003-0820-0624); Vijay Hadda (0000- 
0001-5820-3685); Randeep Guleria (0000-0002-9234-602X).

Author contributions: Dhungana A, Khilnani G and Hadda 
V are guarantors of the paper, be responsibility for the integrity 
of the work; Khilnani G and Hadda V conceived the idea; 
Dhungana A was involved in performing ultrasonography, data 
collection, manuscript drafting and revision; Hadda V contributed 
to performing ultrasonography, manuscript drafting and revision; 
Guleria R was involved in drafting and revising the manuscript.

Institutional review board statement: This study was reviewed 
and approved by institutional review board of All India Institute of 
Medical Sciences.

Informed consent statement: All study participants, or their 
legal guardian, provided written consent prior to enrollment into 
the study.

Conflict-of-interest statement: None of the authors have any 
conflict of interest.

Data sharing statement: There is no additional data 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 
different terms, provided the original work is properly cited and 
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Manuscript source: Unsolicited manuscript

Correspondence to: Dr. Ashesh Dhungana, MD, DM, Assistant 
Professor, Department of Medicine, National Academy of Medical 
Sciences, Pulmonary Medicine, Kantipath, Kathmandu 44600, 
Nepal. nams@healthnet.org.np 
Telephone: +977-98-41860457

Received: April 20, 2017
Peer-review started: April 21, 2017
First decision: July 18, 2017
Revised: July 26, 2017
Accepted: September 3, 2017
Article in press: September 4, 2017
Published online: November 4, 2017

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.

Dhungana A et al . Diaphragm USG during mechanical ventilation
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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. 
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The reproducibility of diaphragm thickness measurement by critical care 
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bedside to measure diaphragm thickness during mechanical ventilation even by 
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USG: A technique using echoes of ultrasound pulses to delineate objects or 
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from the lungs through an external device connected directly to the patient.
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