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Background: Baseline diaphragmatic dysfunction (DD) at the initiation of non-invasive ventilation 
(NIV) correlates positively with subsequent intubation. We investigated the utility of DD detected 2 
hours after NIV initiation in estimating NIV failure in acute exacerbation of chronic obstructive 
pulmonary disease (AECOPD) patients. 
Methods: In a prospective-cohort design, we enrolled 60 consecutive patients with AECOPD initi-
ated on NIV at intensive care unit admission, and NIV failure events were noted. The DD was as-
sessed at baseline (T1 timepoint) and 2 hours after initiating NIV (T2 timepoint). We defined DD as 
ultrasound-assessed change in diaphragmatic thickness (ΔTDI) <20% (predefined criteria [PC]) or 
its cut-off that predicts NIV failure (calculated criteria [CC]) at both timepoints. A predictive-re-
gression analysis was reported.
Results: In total, 32 patients developed NIV failure, nine within 2 hours of NIV and remaining in 
next 6 days. The ∆TDI cut-off that predicted NIV failure (DD-CC) at T1 was ≤19.04% (area under 
the curve [AUC], 0.73; sensitivity, 50%; specificity, 85.71%; accuracy; 66.67%), while that at T2 
was ≤35.3% (AUC, 0.75; sensitivity, 95.65%; specificity, 57.14%; accuracy, 74.51%; hazard ratio, 
19.55). The NIV failure rate was 35.1% in those with normal diaphragmatic function by PC (T2) 
versus 5.9% by CC (T2). The odds ratio for NIV failure with DD criteria ≤35.3 and <20 at T2 was 
29.33 and 4.61, while that for ≤19.04 and <20 at T1 was 6, respectively. 
Conclusions: The DD criterion of ≤35.3 (T2) had a better diagnostic profile compared to baseline 
and PC in prediction of NIV failure. 
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INTRODUCTION 

Non-invasive ventilation (NIV) is a first-line therapy in acute exacerbation of chronic obstruc-

tive pulmonary disease (AECOPD) intended to support exhausted respiratory muscles to 

allow early recovery. Patients presenting late usually develop severe acidosis requiring early 
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intubation [1]. Still, NIV failure remains a dreaded possibility 

for those tolerating an initial NIV trial [2]. Though studies in-

dicate a positive correlation between baseline diaphragmatic 

dysfunction (DD) and subsequent NIV failure, such patients 

may tolerate NIV well if diaphragmatic functions (DFs) recover 

with NIV support [3,4]. A continued/new-onset DD after NIV 

initiation may indicate an impending need for intubation. 

Various ultrasonographic parameters have been investigat-

ed to detect DD in AECOPD [5]. Among these, change in dia-

phragmatic thickness (ΔTDI) during tidal volume is the most 

sensitive. Other parameters (diaphragm thickness/velocity/ 

excursion) may incorrectly label diaphragm atrophy in a low-

body-weight individual with a thin-healthy diaphragm or miss 

an acutely paralyzed diaphragm with normal thickness [6]. 

An ultrasound-assessed ΔTDI value <20% during unassisted 

spontaneous breathing reflects DD [4,6]. However, the liter-

ature is sparse on validated criteria after NIV initiation. We 

hypothesized that NIV aids in the recovery of DF in some pa-

tients with AECOPD; continued or new-onset DD measured at 

2 hours after initiating NIV will better identify those with early 

need for intubation, compared to baseline DD. Our primary 

objective was to estimate the utility of DD detected 2 hours 

after initiating NIV in predicting subsequent NIV failure events 

in AECOPD patients. We defined DD using both predefined 

(ΔTDI <20%) and calculated criteria (ΔTDI cut-off value). We 

also estimated the association of baseline DD at admission 

with NIV failure events. 

MATERIALS AND METHODS 

Enrolled Population 
After All India Institute of Medical Sciences Rishikesh ethical 

approval (IEC no. AlIMS/IEC/20/111) and obtaining written 

informed consent, patients aged >18 years of either sex requir-

ing NIV for AECOPD at intensive care unit (ICU) admission 

between July 2020 and 2021 were included in this prospective, 

outcome-assessor-blinded, observational cohort trial. We 

followed all ethical principles for medical research involving 

human subjects as per the Helsinki Declaration of 2013. The 

criteria for initiating NIV included acidosis (PaCO2 ≥45 mm 

Hg and arterial pH <7.25) and severe dyspnea, hypoxia, clin-

ical signs of respiratory fatigue, or labored breathing despite 

supplemental oxygen therapy. We excluded those with acute 

pulmonary edema, interstitial lung disease, neuromuscular 

disease, chest-wall deformity, known diaphragmatic palsy, he-

modynamic instability, intracranial hypertension, pregnancy, 

or any contraindication to NIV. 

Measurement of DD 
At ICU admission, we obtained a detailed medical history, 

performed a clinical examination, and collected baseline lab 

samples of all enrolled patients per standard institutional 

protocols. Each patient underwent a baseline diaphragmatic 

ultrasound in a supine position under B-mode (LOGIC QE, GE 

Healthcare). A linear ultrasound probe (7–12.0 MHz in a sterile 

cover) was placed just below the costophrenic sinus and was 

directed medially, cephalad, and dorsally between an anterior 

and posterior axillary line to obtain the best orientation of the 

hemidiaphragm (left/right) at the zone of apposition. We iden-

tified the diaphragm in the image as a three-layered structure 

(depth of 1–3 cm) consisting of a relatively less- echogenic 

muscle layer between two echogenic lines indicating the peri-

toneum (deeper) and parietal pleura (superficial). Diaphrag-

matic thickness (Td) was measured at end-inspiration and 

expiration under M-mode (T1 timepoint). The measurements 

were repeated thrice, and the higher Td value was recorded. 

All patients were initiated on NIV (Puritan Bennett 840 ven-

tilator, Fisher & Paykel Healthcare) via a non-vented full face 

mask interface (Best fit-2, Curative Medical Devices) using 

BIPAP mode, and no sedative was allowed. The NIV settings 

included an inspiratory positive airway pressure of 10 cm 

H2O, expiratory positive airway pressure of 5 cm H2O, and 40% 

fractional inspiratory oxygen, adjusted further to obtain a tidal 

volume of 8–10 ml/kg, respiratory rate <30 breaths/min, and 

a target oxygen saturation of 88%–94%. NIV was continued as 

long as possible on "day 1," for at least sixteen hours on "day 2," 

and for twelve hours on "day 3." It was discontinued on "day 4" 

■ Though a positive correlation exists between baseline dia-
phragmatic dysfunction (DD) and subsequent non-inva-
sive ventilation (NIV) failure, patients experience variable 
outcomes; thus, a dilemma remains on possible intuba-
tion after NIV.

■ We observed that the DD criterion of ≤35.3 at 2 hours 
of NIV had a better diagnostic profile in predicting NIV 
failure compared to that of <20 in acute exacerbation of 
chronic obstructive pulmonary disease patients.

■ Serial diaphragm evaluation and time-bound DD thresh-
olds may better predict NIV failure and minimize the intri-
cacies of delayed intubation.

KEY MESSAGES
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or later based on clinical judgment or need for invasive ventila-

tion (NIV failure). Indications for initiating invasive ventilation 

included respiratory/cardiac arrest, hemodynamic instability, 

no response to IV fluids and vasoactive drugs, arrhythmia, di-

minished consciousness, psychomotor agitation, aspiration/

vomiting, life-threatening hypoxia, or arterial pH <7.25 after 2 

hours on NIV. Ultrasonographic measurements were recorded 

using a similar methodology (on the same side) after 2 hours 

on NIV (T2 timepoint) or at intubation if a patient failed NIV. 

All patients received treatment as per standard institutional 

protocols by a blinded physician and were followed for 30 days 

post-ICU admission or death, whichever occurred earlier. 

The ΔTDI (%) (at both timepoints) was calculated as 

([end-inspiration Td–end-expiration Td]/end-expiration 

Td)×100. The DD was defined using predefined criteria (ΔTDI 

value <20%) or calculated criteria (ΔTDI cut-off value that pre-

dicted subsequent NIV failure at both timepoints). The arterial 

blood gas (ABG) parameters were measured at T1 and T2 or 

at the treating physician's discretion. Other recorded param-

eters included patient demographics, comorbidities, Acute 

Physiology and Chronic Health Evaluation (APACHE) II score, 

Sequential Organ Failure Assessment Score (SOFA) at ICU ad-

mission, durations of NIV and invasive ventilation, and ICU/

hospital length of stay. 

Statistical Analysis 
The sample size was calculated using the Open-Epi Collection 

of Epidemiologic Calculator 3.01 (Andrew G. Dean, Kevin M. 

Sullivan). We expected an 85% NIV failure rate in patients with 

AECOPD and DD and a 20% NIV failure rate in those with 

normal DF after 2 hours on NIV, as estimated from pilot obser-

vations (10 patients). Using the "Fleiss with CC" model with a 

95% confidence interval (CI) and 80% power, we required 22 

patients. To increase the study strength and compensate for 

those requiring intubation before 2 hours on NIV or any drop-

outs, we planned to recruit 60 patients. For statistical analysis, 

we used the IBM SPSS 23.0 (IBM Corp.). The normality of data 

was assessed by the Kolmogorov-Smirnov test. Results were 

summarized as mean (standard deviation) or number (%). We 

analyzed the strength of the association between DD (at T1/

T2) and NIV failure by chi-square/Fisher's exact test, receiver 

operator characteristic curve, youden index (YI), binary lo-

gistic, log-rank, and cox-proportional hazard (PH) regression 

tests. A P-value<0.05 was considered significant. 

RESULTS 

Patient Characteristics 
In total, 60 patients were included (Figure 1). The majority 

(67%) had comorbidities at admission, mainly diabetes (35%) 

and hypertension (28.3%). Baseline ABG parameters showed 

mixed respiratory acidosis (mean PaCO2, 64.42) and metabolic 

alkalosis/acidosis (mean pH, 7.20) with varying hypoxia. The 

baseline mean APACHE II and SOFA scores were 15.7 and 5.18, 

respectively (Table 1). The mean ∆TDI at T1 was 29.97% (n=60), 

while that at T2 was 30.05% (n=51); the mean ∆TDI of nine pa-

tients intubated before 2 hours was 14%. 

Comparison between NIV Success and Failure 
In total, 32 patients (53%) developed NIV failure, nine within 2 

hours of NIV initiation (mean duration, 55.8 minutes) and the 

remaining 32 within the next 6 days. The mean time to intuba-

tion was 37.21 hours, while the durations of NIV and invasive 

ventilation were 2.58 and 4.63 days, respectively. Those with 

Figure 1. Strengthening the reporting of observational studies 
in epidemiology (STROBE) flow diagram of patients studied. ICU: 
intensive care unit; ∆TDI: change in diaphragmatic thickness; NIV: 
non-invasive ventilation.

82 Assessed for eligibility

Allocation

Follow-Up

Analysis

60 Included in Study
On ICU admission, ultrasound-guided ΔTDI 

assessment performed at NIV initiation

9 Required intubation in first 2 hours
51 Repeat ultrasound-guided ΔTDI 

assessment performed at 2 hours of NIV

51 Followed for NIV failure events 

60 Analyzed 
0 Excluded from analysis

22 Excluded
12 Hemodynamic instability
  7 Acute pulmonary edema 
  3 Pregnancy 
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NIV failure were primarily males with a smoking history, di-

abetes, or cor pulmonale but had less frequent hypertension, 

lower baseline PaCO2/bicarbonate, lower ∆TDI at T1 and T2, 

shorter NIV duration, and extended hospital/ICU stay dura-

tion (Table 1).  

DD Criteria to Predict NIV Failure 
The ∆TDI cut-off that predicted subsequent NIV failure (DD 

calculated criteria) at T1 was ≤19.04% (sensitivity, 50%; spec-

ificity, 85.71%; YI, 35.71; accuracy, 66.67%) with an ROC area 

under the curve (AUC) of 0.73 (95% CI, 0.61–0.86; P=0.002), 

while that at T2 was ≤35.3% (sensitivity, 95.65%; specificity, 

57.14%; YI, 52.80; accuracy, 74.51%) with an AUC of 0.75 (95% 

CI, 0.62–0.88; P=0.002) (Figure 2, Table 2). Twenty patients 

(n=60) experienced DD at T1 defined using either calculated 

(∆TDI ≤19.04%) or predefined criteria (∆TDI <20%), while 

34 (continuous, 11; new-onset, 23) versus 14 (continuous, 

11; new-onset, 3) had DD at T2 defined by calculated criteria 

(∆TDI ≤35.3%) or predefined criteria (∆TDI <20%) (n=51) 

(Table 3). A significant association was observed between DD 

and NIV failure at both timepoints, with the highest signifi-

cance (P=0.002) achieved for the ≤35.3 criterion (Table 3). On 

univariate analysis, the odds ratio (OR) for NIV failure with DD 

criterion of ≤35.3 or <20 at T2 was 29.33 and 4.61, respectively, 

while that for ≤19.04 and <20 at T1 was 6, respectively. The 

≤35.3 criteria had better sensitivity (95.65) and accuracy (74.51) 

but lower specificity (57.14) compared to that of ≤19.04 or <20 

(85.71) (Table 2). 

Covariates Predicting NIV Failure 
On log-rank/Cox-PH analysis of covariates at T1 predict-

ing NIV failure (n=60), male sex (P=0.021), hypertension 

(P=0.031), heart rate (P=0.011), PaCO2 (P=0.041), ∆TDI 

(P=0.002), and number of patients with DD (P=0.001) 

Table 1. Comparison of patients according to NIV outcome
Variable Total (n=60) NIV failure (n=32) NIV success (n=28) P-value
Age (yr)  59±11 58±12 60±11 0.514
Male 36 (60) 24 (67) 12 (33) 0.017
Smoking history 22 (37) 15 (68) 7 (32) 0.109
Comorbidity
 Diabetes 21 (35) 13 (62) 8 (38) 0.419
 Hypertension 17 (28) 5 (29) 12 (71) 0.024
 Cor pulmonale 12 (20) 8 (67) 4 (33) 0.349
 Pneumonia 12 (20) 6 (50) 6 (50) 1.000
Steroid use 29 (48) 14 (48) 15 (52) 0.605
Fever 17 (28) 11 (65) 6 (35) 0.390
APACHE II score 15.7±2.5 15.6±2.7 15.9±2.2 0.649
Baseline SOFA score 5.2±2.0 5.0±2.1 5.4±1.8 0.444
Baseline ABG analysis
 pH 7.20±0.08 7.20±0.07 7.20±0.09 0.920
 Lactate 1.8±0.8 1.9±0.8 1.8±0.7 0.632
 PaO2 81.8±25.9 85.6±27.6 77.5±23.6 0.229
 PaCO2 64.4±17.4 59.3±12.3 70.3±20.5 0.014
 Bicarbonate 25.1±9.3 22.8±5.2 27.8±12.1 0.046
∆TDI at T1 30.0±15.5 24.4±12.6 37.0±16.0 0.001
∆TDI at T2/intubation before 2 hours 27.6±14.6 20.6±10.6 35.7±14.5 <0.001
Time to intubation (hr) (n=32) 37.2±37.6 - - -
Duration of NIV (day) 2.58±1.9 1.6±1.5 3.8±1.6 <0.001
Duration of invasive ventilation (day) (n=32) 4.6±6.2 - - -
ICU stay (day) 8.4±5.0 10.3±6.0 6.3±2.3 0.001
Hospital stay (day) 10.5±5.5 12.1±6.8 8.6±2.5 0.011

Values are presented as mean±standard deviation or number (%).
NIV: non-invasive ventilation; APACHE: Acute Physiology and Chronic Health Evaluation; SOFA: Sequential Organ Failure Assessment; ABG: arterial blood gas; 
∆TDI: change in diaphragmatic thickness; T1: at NIV initiation; T2: at 2 hours of NIV; ICU: intensive care unit.
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Figure 2. Receiver operating characteristic (ROC) curve showing the utility of diaphragmatic dysfunction in predicting non-invasive ventilation (NIV) 
failure at (A) T1 and (B) T2 timepoints. ∆TDI: change in diaphragmatic thickness; T1: at NIV initiation; T2: at 2 hours into NIV; AUC: area under the 
curve; CI: confidence interval.

Table 2. Predictive analysis of NIV failure with respect to DD at both timepoints
Parameter Criteria (∆TDI) SE (%) SP (%) Accuracy (%, 95% CI) OR (95% CI) P-value
DD at T1 (PC) <20.00 50.00 85.71 66.67 (53.31–78.31) 6 (1.69–21.26) 0.006
DD at T1 (CC) ≤19.04 50.00 85.71 66.67 (53.31–78.31) 6 (1.69–21.26) 0.006
DD at T2 (PC) <20.00 43.48 85.71 66.67 (52.08–79.24) 4.61 (1.21–17.65) 0.025
DD at T2 (CC) ≤35.30 95.65 57.14 74.51 (60.37–85.67) 29.33 (3.45–249.12) 0.002

NIV: non-invasive ventilation; DD: diaphragmatic dysfunction; ∆TDI: change in diaphragmatic thickness; SE: sensitivity; SP: specificity; CI: confidence interval; OR: 
odds ratio; T1: at NIV initiation; T2: at 2 hours of NIV; PC: predefined criteria; CC: calculated criteria.

achieved statistical significance, with DD having the highest 

hazard ratio (HR; 3.15) for NIV failure (T1) (Table 4). Variables 

of age, smoking history, comorbidities, steroid use, fever, 

APACHE II score, SOFA score, and other vitals/ABG parame-

ters were not associated with NIV failure. However, multivar-

iate Cox-PH analysis identified baseline heart rate (HR, 1.03; 

P=0.011) and ∆TDI at admission (HR, 0.96; P=0.004) as signif-

icant predictors. Though male sex attained an HR of 2.14, and 

hypertension had an HR of 0.39, these variables did not attain 

statistical significance. A similar log-rank/Cox-PH analysis at 

T2 identified male sex, heart rate (T1), ∆TDI (T2), and DD (T2) 

as significant predictors among 51 patients who tolerated NIV 

for the first 2 hours. On multivariable analysis at T2, including 

either DD by predefined or calculated criterion, parameters 

including male sex, baseline heart rate, and DD (calculated 

criteria) achieved statistical significance, with DD having the 

highest HR (19.55) for NIV failure (calculated criterion) (Table 

4). Furthermore, the cumulative hazard for NIV failure was 

significantly higher for those with DD defined with calculated 

criteria (≤35.3) compared to predefined criteria (<20) (Figure 

3). 

DISCUSSION 

We observed a 53% NIV failure rate in AECOPD patients initi-

ated on NIV. The DD criterion of ≤35.3 (T2) had a better diag-

nostic profile and higher log odds and hazard ratio than other 

thresholds (<20; ≤19.04) in estimating NIV failure. Though the 
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Table 4. Univariate and multivariable Cox proportional hazards regression analysis for all identified significant predictors of NIV failure

Variable
Univariate Multivariate

HR 95% CI P-value HR 95% CI P-value
T1
 Sex (male) 2.57 1.15–5.73 0.021 2.14 0.95–4.95 0.067
 Hypertension 0.35 0.13–0.91 0.031 0.39 0.14–1.13 0.083
 Baseline heart rate (bpm) 1.03 1.0–1.05 0.011 1.03 1.01–1.06 0.011
 Baseline PaCO2 (mm Hg) 0.97 0.95–1.0 0.041 0.98 0.95–1.01 0.151
 ∆TDI at T1 0.96 0.94–0.98 0.002 0.96 0.92–1.01 0.004
 DD at T1 (PC/CC) 3.15 1.57–6.32 0.001 1.43 0.42–4.89 0.566
T2
 Sex (male) 2.62 1.03–6.66 0.043 2.88a) 1.08–7.63a) 0.034a)

2.84b) 1.05–7.66b) 0.039b)

 Hypertension 0.36 0.12–1.07 0.067 - - -
 Baseline heart rate (bpm) 1.03 1.0–1.05 0.03 1.04a) 1.01–1.07a) 0.007a)

1.04b) 1.01–1.06b) 0.005b)

 Baseline PaCO2 (mm Hg) 0.97 0.95–1.0 0.07 - - -
 ∆TDI at T2 0.96 0.93–0.98 0.007 0.99a) 0.95–1.04a) 0.876a)

0.92b) 0.85–0.99b) 0.040b)

 DD at T2 (CC) 17.0 2.28–126.53 0.006 19.55a) 2.08–84.07a) 0.009a)

 DD at T2 (PC) 2.52 1.10–5.76 0.029 0.45b) 0.07–2.74b) 0.385b)

NIV: non-invasive ventilation; HR: hazard ratio; CI: confidence interval; T1: at NIV initiation; T2: at 2 hours of NIV; ∆TDI: change in diaphragmatic thickness; DD: 
diaphragmatic dysfunction; PC: predefined criteria; CC: calculated criteria.
a) Considering CC; b) Considering PC.

Table 3. Comparison of the association between DD and NIV failure at 
both timepoints
Parameter NIV failure P-value
At T1 (PC/CC) 0.006
 DD (n=20) 16 (80.0)
 No DD (n=40) 16 (40.0)
At T2 (PC) 0.029
 DD (n=14) 10 (71.4)
 No DD (n=37) 13 (35.1)
At T2 (CC) <0.001
 DD (n=34) 22 (64.7)
 No DD (n=17) 1 (5.9)
DD at T2 (PC) 0.066
 None (n=37) 13 (35.1)
 New (n=3) 2 (66.7)
 Continuous (n=11) 8 (72.7)
DD at T2 (CC) <0.001
 None (n=17) 1 (5.9)
 New (n=23) 14 (60.9)
 Continuous (n=11) 8 (72.7)

Values are presented as number (%).
DD: diaphragmatic dysfunction; NIV: non-invasive ventilation; T1: at NIV 
initiation; T2: at 2 hours of NIV; PC: predefined criteria; CC: calculated criteria.

predefined criterion for DD (≤20) had better specificity, the 

calculated criterion (≤35.3) achieved higher sensitivity and 

better accuracy in predicting NIV failure. 

Ultrasound-guided DF assessment is commonly performed 

at NIV initiation during unassisted spontaneous breathing in 

AECOPD [3-5,7]. An ultrasound-depicted ∆TDI value <20% 

at this timepoint indicates DD and risk of NIV failure. We 

observed a ∆TDI threshold of ≤19.04% for DD at T1, in agree-

ment with the literature. Nine patients failed NIV within 2 

hours of initiation; this was an expected outcome considering 

their lower baseline diaphragmatic reserve (mean ∆TDI, 17) 

compared to all patients (mean ∆TDI, 29.97). Thus, a baseline 

∆TDI threshold ≤20% in this subset of patients successfully 

predicted impending NIV failure. Among the remaining 51 

patients at 2 hours on NIV, one recovered off DD (∆TDI, 37), 

eleven had continuous DD (by either criterion), and three 

developed new-onset DD by predefined criterion and twenty 

developed new-onset DD by calculated criterion. Among pa-

tients with new-onset DD at T2, 14 in the calculated category 

versus two in the predefined category developed NIV failure. 

The NIV failure rate was 35.1% (T2) for those defined as having 
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normal DF by a predefined criterion versus 5.9% (T2) for those 

defined as having normal DF by a calculated criterion. Thus, a 

cut off of <20% missed a significant proportion of patients who 

developed NIV failure; a ≤35.3% cut off, in opposition, missed 

only a single patient. This indicates that a higher ∆TDI thresh-

old better estimates the DD after NIV initiation. 

The DD criterion of ≤35.3 at T2 had a higher AUC (0.75) and 

showed a greater likelihood of NIV failure (OR, 29.33) than a 

threshold of ≤19.04 (AUC, 0.73; OR, 6). Cammarota et al. [7] 

also observed a higher AUC (0.98) for diaphragmatic excursion 

at one hour after initiating NIV compared to baseline values. 

Marchioni et al. [3] showed that AECOPD patients with DD at 

NIV initiation had a higher risk of NIV failure (HR, 6.2) com-

pared to those with normal DF. While we could not identify 

studies evaluating ∆TDI after initiating NIV, similar thresholds 

were observed for ∆TDI as a predictor of successful weaning in 

ICU patients [8,9]. The univariate-Cox model estimated an HR 

of 17 by the DD criterion of ≤35.3, while an HR of 3.15 was esti-

mated using other criteria (<20; ≤19.04) to predict NIV failure. 

The multivariate Cox-PH analysis indicated an even higher 

HR of 19.55 for the criterion of ≤35.3, while other criteria (<20; 

≤19.04) did not attain statistical significance. The cumulative 

hazard of NIV failure was significant using a calculated criteri-

on for DD (≤35.3). 

The etiology of DD during AECOPD is multifactorial, involv-

ing both acute and chronic pathophysiological elements [10-

12]. Though underlying chronic inflammation and steroid-in-

duced diaphragmatic damage play a vital role, studies could 

not identify a comparable difference in ultrasound-assessed 

DF between those with stable COPD and healthy individuals 

[13]. This indicates some degree of diaphragmatic reserve in 

stable COPD that could not endure the increased workload 

and mechanical stress of AECOPD, leading to amplified func-

tional diaphragmatic exhaustion/dysfunction during acute 

exacerbation. NIV is the first-line treatment intended to assist 

respiratory muscles, improve gaseous exchange, and thereby 

reduce the intubation rate in such patients [14,15]. Patients 

who respond to NIV have an improved pH within 1–4 hours 

after NIV initiation; hence, it is advisable to look for NIV fail-

ure as early as 2 hours after initiation [2,16,17]. We performed 

∆TDI measurements 2 hours into NIV with this consideration. 

Moreover, some AECOPD patients with normal DF at ICU ad-

mission may develop NIV failure, while others with DD do not 

require intubation. This indicates the recovery/ deterioration 

of DF after initiating NIV. Corbellini et al. [18] also reported an 

improvement in diaphragmatic mobility after in-patient pul-

monary rehabilitation in AECOPD patients. Thus, repeat DF 

assessment after NIV initiation seems logical to identify those 

in need of intubation. 

The significant Cox-covariates predicting NIV failure were 

male sex, hypertension, higher baseline heart rate, and hy-

percarbia. Studies have variably associated parameters of pH, 

hypercarbia, respiratory/heart rate, APACHE II score, and 

comorbidities with NIV failure [10,16]. An underlying differ-

ence in statistical interpretation (logistic vs. Cox regression) 

and sample size could contribute to such differences. Further-

Figure 3. Cox-proportional hazards plot showing the cumulative hazard for intubation as predicted by diaphragmatic dysfunction (DD) at 2 hours 
of non-invasive ventilation using (A) calculated criterion (CC) and (B) predefined criterion (PC).
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more, inherent differences in unaccounted factors, including 

ethnicity, demographics, lifestyle, late hospital presentation, 

comorbidities, and organ reserve, could also account for such 

secondary outcomes. Still, a DD criterion of ≤35.3 showed ad-

equate prediction of NIV failure. 

Our study has some strengths. First, all studied timepoints 

were practically achievable and precisely analyzed in all in-

cluded patients. Second, a skilled investigator with 5 years of 

ultrasound experience performed the sonographic measure-

ments, and the outcome assessors were blinded to all other as-

pects; this allowed homogeneity in measurements and added 

to the authenticity of results. Our study has a few limitations. 

We performed ∆TDI estimation at two timepoints only. A se-

rial time-bound analysis during the first 24 hours of NIV may 

better delineate DF changes and be an ideal review point for 

estimating NIV failure. Second, due to logistic issues, we could 

not evaluate the effect of lung hyperinflation during AECOPD. 

The relationship between lung volume change and ∆TDI after 

NIV initiation could better delineate the pathophysiological 

recovery and should be tested in future trials. Third, AECOPD 

could have a broad range of precipitating causes. An underly-

ing difference in acute pulmonary pathophysiological/radio-

logical involvement in different precipitants may also affect the 

underlying diaphragmatic reserve and possibly ∆TDI thresh-

olds. To negate the effect of regional differences, we performed 

∆TDI estimation on both hemidiaphragms and considered the 

best value for analysis. 

In conclusion, a DD criterion of ≤35.3 at 2 hours after initi-

ating NIV in AECOPD patients had a better diagnostic profile 

in predicting NIV failure compared to baseline or predefined 

criteria. Serial diaphragm evaluation and time-bound DD 

thresholds may better predict NIV failure, compared to single 

timepoint measurements and minimize intricacies related to 

delayed intubation. 
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