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Abstract
Background
A challenging task in the intensive care unit is weaning intubated patients from mechanical ventilation. The
most commonly used weaning parameter, the rapid shallow breathing index (RSBI), gives thorough guidance
on extubation timing with spontaneous breathing trials. Diaphragm plays vital role in tidal volume
generation. The main objective of the study was to compare ultrasound-based diaphragmatic excursion (DE)
with RSBI as weaning predictors.

Methods
We conducted an observational prospective cohort study on patients on mechanical ventilation. During a
spontaneous breathing trial (SBT) we simultaneously evaluated right hemidiaphragm excursion by using M-
mode ultrasonography as well as the RSBI. To be included, patients must have been on mechanical
ventilation for longer than 48 hours, have no excessive tracheobronchial secretions, and their underlying
critical illness (for which they were intubated) must be resolved. Patients younger than 14 years, patients
with neuromuscular disorder, patients with pneumothorax, and patients with cervical spine injury were
excluded from the study. We analyzed the data to determine the significance of DE and RSBI.

Results
A total of 90 patients were included in our study; 54 (60%) were men, and 36 (40%) were women. The
average age of all the participants was 55 ± 16 years (range, 19 to 83 years). Sixty-two patients (68.9%) were
successfully weaned. The mean DE was 1.44 ± 0.26 cm, and the mean RSBI was 56.88 ± 8.30 in all patients.
Successful weaning patients had a mean DE of 1.51 ± 0.26 cm and a mean RSBI of 54.05 ± 7.00. The greater
the DE value, the greater the weaning success rate, and the lesser the RSBI value, the greater the weaning
success rate. The area under the receiver operator curve for DE and RSBI was 0.795 and 0.815, respectively (p
< 0.0001).

Conclusion
RSBI is an optimized clinical predictor in classifying weaning outcomes for intubated patients, but DE is
also helpful in extubation assurance and reintubation prevention.
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Introduction
For any intensivist working in an intensive care unit (ICU), weaning patients from mechanical ventilation is
a challenging task because unnecessary delay can lead to further complications. For years, studies have tried
to address the difficulties of weaning, but getting patients to regain spontaneous breathing remains a
dilemma for clinician and practitioners. Approximately 20% of the intubated patients present with difficulty
in extubation and weaning, despite established weaning criteria [1]. Numerous indices have been devised to
assess a patient’s ability to regain spontaneous breathing during weaning such as maximum inspiratory
pressure, minute ventilation, breathing frequency (rate), rapid shallow breathing index (RSBI, i.e.,
respiratory frequency per tidal volume), tracheal airway occlusion pressure, oxygen pressure index, and
gastric pressure monitoring [2]. Yang and Tobin reported RSBI was the most accurate weaning predictor [3].
Ely et al. reported that decisions based on certain predictors related to weaning often resulted in poor
outcomes [4]. Therefore, regularly assessing breathing frequency and negative inspiratory force may
contribute to successful extubation. A recent weaning parameter, D-RSBI, provides thorough guidance in
extubation timing with spontaneous breathing trials (SBT) [5]. The diaphragm is a fundamental respiratory
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muscle whose dysfunction may be very common in patients undergoing mechanical ventilation. Impaired
diaphragmatic function may lead to difficulty in weaning [6]. Different diagnostic tools can uncover
diaphragm dysfunction like fluoroscopy, phrenic nerve conduction study, percussion method, and trans-
diaphragmatic pressure measurements [7]. Currently, ultrasound is a favorite modality for evaluating
diaphragm dysfunction [8]. The main objective of this study was to assess if ultrasound-based diaphragmatic
excursion (DE) is helpful with RSBI as weaning predictors.

Materials And Methods
We conducted an observational prospective cohort study consisting of 90 patients on mechanical ventilation
in the medical intensive care department of Shifa International Hospital in Islamabad, Pakistan. The sample
size was calculated by considering the margin of error as 5%, 95% confidence interval and prevalence of
67% [5]. The duration of the study was one year starting from July 2017. Patients were excluded if they were
younger than 14 years old, had a neuromuscular disorder, pneumothorax or cervical spine injuries. To be
included, patients must have been on mechanical ventilation for longer than 48 hours, have no excessive
tracheobronchial secretions, and their underlying critical illness (their reason for intubation) must have
been resolved. All study participants were alert, cooperative, and hemodynamically stable. The arterial
oxygen saturation was above 90%, and fraction of inspired oxygen (FiO2) was at least 30%.

All patients or their legal guardians provided informed consent for participation in this study. The data were
collected via a validated questionnaire and diagnostic assessments. Demographic details, medical history,
and clinical presentations were entered in a proforma. The diaphragm ultrasound was performed at the time
of the SBT after at least 48 hours of mechanical ventilation. Bedside ultrasound was performed by two
critical care medicine fellows in the ICU trained in lung and abdominal ultrasound. Interobserver variability
was 1 mm to 3 mm. A curvilinear probe (3.5 to 5 MHz) was placed at the right hypochondrial area, and the
movement of the diaphragm was observed via the B mode as the diaphragm moved cranially to caudally with
respiration. Then, M mode was used to measure the diaphragmatic excursion in centimeters. Other
diagnostic values like RSBI were also noted. After the extubation, all patients were monitored for failed or
successful weaning. Weaning was considered successful if the patient did not require noninvasive or invasive
ventilation within 48 hours of extubation. Re-instituting mechanical ventilatory support occurred if one of
the following criteria was met: sweating, anxiety, agitation, deterioration in neurological status, abdominal
paradox, usage of accessory muscles, breathing rate exceeding 30/minute, arterial carbon dioxide > 55
mmHg, pH < 7.25, arterial partial pressure of oxygen < 70 mmHg at FIO2 of > 0.5, systolic blood pressure >
180 mmHg or < 90 mmHg, heart rate > 140 beats/minute, a sustained 20% increase or decrease in heart rate,
and unstable hemodynamics.

Statistical analysis
All the data collected were analyzed using SPSS Statistics for Windows, Version 21.0 (IBM Corp., Armonk,
NY). Descriptive statistics were applied by calculating mean and standard deviation. Frequency distribution
and percentages were performed for all qualitative variables. P values less than 0.05 were considered
statistically significant in all inferential statistics. The differences of continuous variables between the
subgroups for the independent variable were assessed by non-parametric tests. We used the Kruskal–Wallis
test to determine the significance of DE and RSBI as indicative parameters. The area under the receiver
operator curve (AUROC) was applied to evaluate the diagnostic accuracy of DE and RSBI.

Results
We recruited a total of 90 patients for this study; 54 (60%) were men, and 36 (40%) were women. The average
age of the participants was 55 ± 16 years (range, 19 to 83 years). Most patients (63%) required mechanical
ventilation due to respiratory problems. No surgical patients were included in the study.

Sixty-two of 90 patients were successfully weaned (68.9%). RSBI and DE were analyzed for all patients. The
mean DE was 1.44 ± 0.26 cm, and the mean RSBI was 56.88 ± 8.30 for all patients. The difference between the
failed and successful groups was statistically significant for both DE (p < 0.0001) and RSBI (p < 0.0001; Table
1). DE had an AUROC of 0.795 (95% confidence interval [CI]: 0.705 to 0.885; p < 0.001), and RSBI had an
AUROC of 0.815 (95% CI: 0.728 to 0.902; p < 0.001). Our RSBI cutoff value of 59 showed 79% sensitivity and
64% specificity. The DE cutoff value of 1.35 cm had 74% sensitivity and 75% specificity (Figures 1, 2). The
greater the DE value, the greater the weaning success rate, and the lesser the RSBI value, the greater the
weaning success rate. Figure 3 and Figure 4 present a comparison of DE with RSBI as weaning predictors.
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Parameter Overall Successful Weaning (n = 62) Failed Weaning (n = 28) P value

DE (cm) 1.44 ± 0.26 1.51 ± 0.26 1.26 ± 0.13 0.0001

RSBI 56.88 ± 8.30 54.05 ± 7.00 63.14 ± 7.64 0.0001

TABLE 1: DE and RSBI parameters and weaning.
DE: Diaphragmatic excursion; RSBI: Rapid shallow breathing index.

FIGURE 1: ROC curve revealing cut-off point for sensitivity and
specificity of diaphragmatic excursion.
AUROC = 0.795. AUROC: Area under the receiver operator curve.
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FIGURE 2: ROC curve revealing cut-off point for sensitivity and
specificity of RSBI.
AUROC = 0.815. AUROC: Area under the receiver operator curve; RSBI: Rapid shallow breathing index.
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FIGURE 3: Kruskal–Wallis test of weaning using diaphragmatic
excursion as a predictor.

2018 Khan et al. Cureus 10(12): e3710. DOI 10.7759/cureus.3710 5 of 7

https://assets.cureus.com/uploads/figure/file/52571/lightbox_c775cc80f40511e88986e56ed3e4bb3f-Figure-3_Updated_V2-PME.png
https://assets.cureus.com/uploads/figure/file/52477/lightbox_afd883c0f28311e8a146f7b460876703-Figure-2_formatted_V1-PME-_1_.png


FIGURE 4: Kruskal–Wallis test of weaning using RSBI as a predictor.
RSBI: Rapid shallow breathing index

Discussion
In the ICU, weaning a patient from mechanical ventilation is a vital concern; extubation at the right time
avoids weaning failure and mortality [1]. All the patients with difficult weaning history and long periods of
intubation have high ICU readmission rates [1]. RSBI is important in predicting the weaning indices
presented in a study by Yang and Tobin [3]. RSBI is a collaborative reflection of respiratory mechanics and
consists of diaphragm and non-diaphragm muscles. Non-diaphragm inspiratory muscles will compensate if
the diaphragm is failing, in order to preserve the tidal volume; diaphragm weakness may be obscured.
However, the non-diaphragmatic muscles are more subject to fatigue and are weaker than the diaphragm;
they will not be able to provide sufficient ventilation for long [9]. Hence, RSBI may provide false positive
extubation criteria, and extubation failure may occur despite an initially adequate tidal volume and good
clinical condition for extubation [10,11].

RSBI and DE measurements were taken 20 minutes following the SBT. Also, RSBI conveys the end product of
the balance between strength and load on all respiratory muscles. Twenty minutes after the SBT, when all
accessory muscles failed to contribute the requisite tidal volume, RSBI accurately indicates whether patients
can be successfully extubated. Boussuges et al. reported the DE normal values for deep and quiet breathing
were 4.7 and 1 cm, respectively [11]. Lerolle et al. assessed diaphragmatic dysfunction in cardiac patients,
reporting a DE less than 2.5 cm might act as prolonged intubation predictor [12]. Hayat et al. concluded that
DE plays an important role in weaning; at the cutoff point of 1.2 cm, patients can be successfully extubated
[13]. Kim et al. compared the accuracy of DE versus RSBI to predict weaning failure and found they were
similar. However, they studied the most difficult patients [14]. Our study indicates an RSBI cutoff of 59 is
79% sensitive and 64% specific for successful extubation. Likewise, a DE cutoff value of 1.35 cm is 74%
sensitive and 75% specific. The AUROC of RSBI and DE (0.815 and 0.795, respectively) are significant and
comparable. In spite of all documented weaning parameters, some patients may behave totally differently
post extubation. Our findings indicate RSBI is a better parameter in predicting weaning outcomes than DE,
but DE can be an adjunct parameter with conventional RSBI.

Our study had several limitations in that it was conducted at a single center with variable age group patients
population having multiple co-morbids. Our sample size was small; similar studies on a larger scale
are warranted to further establish the correlation.

Conclusions
RSBI and DE are optimized clinical predictors in classifying the weaning outcome in extubation assurance
and reintubation prevention. However, further studies are needed to validate the significance of these
predictors for weaning.
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Disclosures
Human subjects: Consent was obtained by all participants in this study. Shifa Institutional Review Board &
Ethics Committee issued approval IRB 985-260-2018. Shifa Institutional Review Board & Ethics Committee
has entitled that the study "To compare ultrasound-based diaphragmatic excursion with rapid shallow
breathing index as a weaning predictor" has been approved. Animal subjects: All authors have confirmed
that this study did not involve animal subjects or tissue. Conflicts of interest: In compliance with the
ICMJE uniform disclosure form, all authors declare the following: Payment/services info: All authors have
declared that no financial support was received from any organization for the submitted work. Financial
relationships: All authors have declared that they have no financial relationships at present or within the
previous three years with any organizations that might have an interest in the submitted work. Other
relationships: All authors have declared that there are no other relationships or activities that could appear
to have influenced the submitted work.

References
1. Boles JM, Bion J, Connors A, et al.: Weaning from mechanical ventilation. Eur Respir J. 2007, 29:1033-1056.

10.1183/09031936.00010206
2. Esteban A, Anzueto A, Frutos F, et al.: Characteristics and outcomes in adult patients receiving mechanical

ventilation: a 28-day international study. JAMA. 2002, 287:345-355. 10.1001/jama.287.3.345
3. Yang KL, Tobin MJ: A prospective study of indexes predicting the outcome of trials of weaning from

mechanical ventilation. N Engl J Med. 1991, 324:1445-1450. 10.1056/NEJM199105233242101
4. Ely EW, Baker AM, Evans GW, Haponik EF: The prognostic significance of passing a daily screen of weaning

parameters. Intensive Care Med. 1999, 25:581-587. 10.1007/s001340050906
5. Ferrari G, De Filippi G, Elia F, Panero F, Volpicelli G, Aprà F: Diaphragm ultrasound as a new index of

2018 Khan et al. Cureus 10(12): e3710. DOI 10.7759/cureus.3710 6 of 7

https://dx.doi.org/10.1183/09031936.00010206
https://dx.doi.org/10.1183/09031936.00010206
https://dx.doi.org/10.1001/jama.287.3.345
https://dx.doi.org/10.1001/jama.287.3.345
https://dx.doi.org/10.1056/NEJM199105233242101
https://dx.doi.org/10.1056/NEJM199105233242101
https://dx.doi.org/10.1007/s001340050906
https://dx.doi.org/10.1007/s001340050906
https://dx.doi.org/10.1186/2036-7902-6-8


discontinuation from mechanical ventilation. Crit Ultrasound J. 2014, 6:8. 10.1186/2036-7902-6-8
6. Lee KH, Hui KP, Chan TB, Tan WC, Lim TK: Rapid shallow breathing (frequency-tidal volume ratio) did not

predict extubation outcome. Chest. 1994, 105:540-543. 10.1378/chest.105.2.540
7. Matamis D, Soilemezi E, Tsagourias M, et al.: Sonographic evaluation of the diaphragm in critically ill

patients. Technique and clinical applications. Intensive Care Med. 2013, 39:801-810. 10.1007/s00134-013-
2823-1

8. Doorduin J, van Hees HW, van der Hoeven JG, Heunks LM: Monitoring of the respiratory muscles in the
critically ill. Am J Respir Crit Care Med. 2013, 187:20-27. 10.1164/rccm.201206-1117CP

9. DiNino E, Gartman EJ, Sethi JM, McCool FD: Diaphragm ultrasound as a predictor of successful extubation
from mechanical ventilation. Thorax. 2014, 69:431-435. 10.1136/thoraxjnl-2013-204111

10. Hershenson MB, Kikuchi Y, Loring SH: Relative strengths of the chest wall muscles . J Appl Physiol. 1988,
65:852-862. 10.1152/jappl.1988.65.2.852

11. Boussuges A, Gole Y, Blanc P: Diaphragmatic motion studied by m-mode ultrasonography: methods,
reproducibility, and normal values. Chest. 2009, 135:391-400. 10.1378/chest.08-1541

12. Lerolle N, Guérot E, Dimassi S, Zegdi R, Faisy C, Fagon JY, Diehl JL: Ultrasonographic diagnostic criterion
for severe diaphragmatic dysfunction after cardiac surgery. Chest. 2009, 135:401-407. 10.1378/chest.08-
1531

13. Hayat A, Khan A, Khalil A, Asghar A: Diaphragmatic Excursion: does it predict successful weaning from
mechanical ventilation?. J Coll Physicians Surg Pak. 2017, 27:743-746.

14. Kim WY, Suh HJ, Hong SB, Koh Y, Lim CM: Diaphragm dysfunction assessed by ultrasonography: influence
on weaning from mechanical ventilation. Crit Care Med. 2011, 39:2627-2630.
10.1097/CCM.0b013e3182266408

2018 Khan et al. Cureus 10(12): e3710. DOI 10.7759/cureus.3710 7 of 7

https://dx.doi.org/10.1186/2036-7902-6-8
https://dx.doi.org/10.1378/chest.105.2.540
https://dx.doi.org/10.1378/chest.105.2.540
https://dx.doi.org/10.1007/s00134-013-2823-1
https://dx.doi.org/10.1007/s00134-013-2823-1
https://dx.doi.org/10.1164/rccm.201206-1117CP
https://dx.doi.org/10.1164/rccm.201206-1117CP
https://dx.doi.org/10.1136/thoraxjnl-2013-204111
https://dx.doi.org/10.1136/thoraxjnl-2013-204111
https://dx.doi.org/10.1152/jappl.1988.65.2.852
https://dx.doi.org/10.1152/jappl.1988.65.2.852
https://dx.doi.org/10.1378/chest.08-1541
https://dx.doi.org/10.1378/chest.08-1541
https://dx.doi.org/10.1378/chest.08-1531
https://dx.doi.org/10.1378/chest.08-1531
https://www.ncbi.nlm.nih.gov/pubmed/29185398
https://dx.doi.org/10.1097/CCM.0b013e3182266408
https://dx.doi.org/10.1097/CCM.0b013e3182266408

	Comparing Ultrasound-based Diaphragmatic Excursion with Rapid Shallow Breathing Index as a Weaning Predictor
	Abstract
	Background
	Methods
	Results
	Conclusion

	Introduction
	Materials And Methods
	Statistical analysis

	Results
	TABLE 1: DE and RSBI parameters and weaning.
	FIGURE 1: ROC curve revealing cut-off point for sensitivity and specificity of diaphragmatic excursion.
	FIGURE 2: ROC curve revealing cut-off point for sensitivity and specificity of RSBI.
	FIGURE 3: Kruskal–Wallis test of weaning using diaphragmatic excursion as a predictor.
	FIGURE 4: Kruskal–Wallis test of weaning using RSBI as a predictor.

	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


