
© 2017 Lemyze et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php  
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work you 

hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For permission 
for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

International Journal of COPD 2017:12 1539–1547

International Journal of COPD Dovepress

submit your manuscript | www.dovepress.com

Dovepress 
1539

O r i g i n a l  R e s e a r c h

open access to scientific and medical research

Open Access Full Text Article

http://dx.doi.org/10.2147/COPD.S136241

Delayed but successful response to noninvasive 
ventilation in COPD patients with acute 
hypercapnic respiratory failure

Malcolm Lemyze1,2

Quentin Bury3

Aurélie Guiot4

Marie Jonard1,2

Usman Mohammad2

Nicolas Van Grunderbeeck5

Gaelle Gasan1

Didier Thevenin2

Jihad Mallat2

1Department of Respiratory and 
Critical Care Medicine, Schaffner 
Hospital, Lens, 2Intensive Care Unit, 
Arras Hospital, Arras, 3Respiratory 
Intermediate Care Unit, Béthune 
Beuvry Hospital, Béthune, 
4Department of Cardiology, Bois 
Bernard Hospital, Bois Bernard, 
5Respiratory Step Down Unit, 
Schaffner Hospital, Lens, France

Background: We evaluated a new noninvasive ventilation (NIV) protocol that allows the 

pursuit of NIV in the case of persistent severe respiratory acidosis despite a first NIV challenge 

in COPD patients with acute hypercapnic respiratory failure (AHRF).

Patients and methods: A prospective observational multicentric pilot study was conducted in 

three tertiary hospitals over a 12-month study period. A total of 155 consecutive COPD patients 

who were admitted for AHRF and treated by NIV were enrolled. Delayed response to NIV was 

defined as a significant clinical improvement in the first 48 h following NIV initiation despite a 

persistent severe respiratory acidosis (pH ,7.30) after the first 2 h of NIV trial.

Results: NIV failed in only 10 patients (6.5%). Delayed responders to NIV (n=83, 53%) 

exhibited similar nutritional status, comorbidities, functional status, frailty score, dyspnea 

score, and severity score at admission, compared with early responders (n=62, 40%). Only age 

(66 vs 70 years in early responders; P=0.03) and encephalopathy score (3 [2–4] vs 3 [2–4] in 

early responders; P=0.015) were different among the responders. Inhospital mortality did not 

differ between responders to NIV (n=10, 12% for delayed responders vs n=10, 16% for early 

responders, P=0.49). A second episode of AHRF occurred in 20 responders (14%), equally 

distributed among early and delayed responders to NIV (n=9, 14.5% in early responders vs 

n=11, 13% in delayed responders; P=0.83), with a poor survival rate (n=1, 5%).

Conclusion: Most of the COPD patients with AHRF have a successful outcome when NIV is 

pursued despite a persistent severe respiratory acidosis after the first NIV trial. The outcome 

of delayed responders is similar to the one of the early responders. On the contrary, the second 

episode of AHRF during the hospital stay carries a poor prognosis.
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Introduction
Since the first randomized clinical trial targeting COPD patients in the early 1990s, a 

considerable amount of evidence has strongly supported the use of noninvasive venti-

lation (NIV) to reduce mortality, intubation rates, and the length of stay in hospital in 

COPD patients with acute hypercapnic respiratory failure (AHRF).1–4 Subsequently, 

international guidelines rightly recommended NIV as the first-line therapy for patients 

with AHRF.3,4 Several authors have carefully advised an escalation to endotracheal 

intubation in the case of persistent respiratory acidosis after a first NIV challenge.5–7 

Others have recently tested extracorporeal CO
2
 removal membrane after a first NIV 

trial that had failed to reverse hypercapnic acidosis.8,9 However, on the one hand, 

overcautious recommendations may lead to abusive endotracheal intubation which 

can increase the risk of ventilator-associated pneumonia, ventilator-associated muscle 
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weakness, difficult weaning from mechanical ventilation, 

and death. On the other hand, invasive procedures such as 

extracorporeal life supports may seem unsuitable for frail, 

debilitated COPD patients with advanced chronic respiratory 

failure. In the “do-not-intubate” (DNI) patients for whom 

NIV is the treatment of last resort, the technique had been 

successfully carried out despite persistent severe respiratory 

acidosis during the first hours.10 Similarly, we have conducted 

a prospective observational pilot study to evaluate a new NIV 

protocol that allowed the pursuit of NIV when severe respira-

tory acidosis (pH ,7.30) persisted after the first 2 h of NIV 

trial in all the COPD patients admitted for AHRF.

Patients and methods
Ethics statement
This prospective observational study was conducted over 

a 1-year period at three tertiary hospitals in the north of 

France. It was approved by the Schaffner Hospital’s Ethics 

Committee (approval number 150601). Signed informed 

consent was obtained from all the patients or next of kin.

Inclusion/exclusion criteria
All COPD11 patients who were admitted for AHRF and 

treated by NIV were prospectively included. Clinical criteria 

defining AHRF included the following: tachypnea (.24 

breaths per minute), Hoover sign, accessory muscle use, and 

abdominal paradox.12 Blood gas criteria for entry included 

pH ,7.35 and PaCO
2
 .45 mmHg.2 Patients with an absolute 

contraindication to NIV – respiratory arrest and inability to 

fit a mask2 – or refusing NIV, those in AHRF after extuba-

tion, and patients with a tracheostomy were excluded from 

the study.

Evaluation criteria
Anthropometric data, medical history of respiratory diseases, 

and nutritional status at admission were recorded. The 

severity of respiratory disease was evaluated using medical 

research council (MRC) dyspnea score.13 Preadmission health 

status was assessed by Knaus index14 and comorbidities by 

Charlson comorbidity score.15 Patients’ frailty was assessed 

using the clinical frailty scale (Table S1).16 The severity of 

illness at admission and the risk of death were assessed by 

the Simplified Acute Physiology Score II17 and the Sequential 

Organ Failure Assessment score.18 Nutritional status was 

evaluated using the body mass index (BMI) calculated as the 

weight divided by the square of the body height expressed 

in kg/m2, and the serum albumin and prealbumin were mea-

sured on blood sampling at admission.19 Clinical parameters, 

arterial blood gases, and ventilator settings were measured at 

admission, 2 h (H2), 4–6 h (H4–6), 12 h (H12), 24 h (H24), 

and 48 h (H48) after the initiation of NIV.

NIV technique
NIV was started as soon as AHRF was identified in either 

the emergency room, the intensive care unit (ICU), or the 

respiratory step-down unit. Briefly, NIV was performed using 

a dedicated ventilator (BiPAP Vision; Philips Respironics, 

Murrysville, PA, USA, or its new version the V60; Philips 

Respironics) with its single branch circuit, its calibrated 

intentional leak, and an interface strategy as previously 

described in detail.10 Bi-level positive pressure ventilation 

in spontaneous timed (S/T) mode was used, and the settings 

were let at the discretion of the attending physician. NIV 

was continuously applied until a significant clinical improve-

ment of the patient ensues. Then, the duration of NIV was 

gradually reduced.

Criteria defining NIV’s success and failure
“Early responders” exhibited a significant decrease in PaCO

2
 

of  $15% (compared with the initial PaCO
2
 value under 

spontaneous breathing) or increase in pH .7.30 after a 2 h 

NIV trial associated with a clinical improvement during 

the first 48 h after NIV initiation.20,21 The patient was con-

sidered clinically improved when NIV reversed the clinical 

signs of respiratory distress – including tachypnea, acces-

sory muscles use, and paradoxical abdominal motion – and 

improved hypercapnic encephalopathy according to Kelly–

Matthay scale.22 

“Delayed responders” exhibited a significant clinical 

improvement leading to their recovery from AHRF in the first 

48 h despite persistent respiratory acidosis after the first trial 

of face mask-delivered NIV. Persistent respiratory acidosis 

referred to the inability to obtain a significant decrease in 

PaCO
2
 of  $15% (compared with the initial PaCO

2
 value 

under spontaneous breathing) or increase in pH .7.30 after 

2 h of facial mask-delivered NIV.20 

“Early NIV failure” (,48 h) was defined as the need to 

resort to intubation or palliative care – in the case of DNI 

order (Supplementary materials) – according to major and 

minor criteria already used in the literature.1 Major criteria 

included respiratory arrest, respiratory pauses, or bradycardia 

(,50 bpm) with the loss of consciousness, hypotension with 

systolic arterial blood pressure below 70 mmHg, and refrac-

tory hypoxemia with the inability to maintain an SaO
2
 .90% 

despite high FiO
2
 .60%. Minor criteria included tachypnea 

over 35 bpm or increase in the respiratory rate compared with 
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its value at admission, pH ,7.30, and decrease compared 

with its initial value, an increase in the encephalopathy score 

compared with its initial value (according to Kelly–Matthay 

scale22). Early NIV failure was considered when one major 

criterion was present, or when two minor criteria persisted 

after 6 h of NIV. When respiratory rate, encephalopathy score, 

PaCO
2
, or pH did not immediately improve with face mask-

delivered NIV, patient’s positioning was double checked to 

ensure a proper sitting position, and the interface could be 

changed to a total face mask.10 If one or more minor criteria 

appeared after NIV had been resumed, NIV could be tried 

again. When NIV failed, escalation to endotracheal intubation 

was proceeded unless the patient had received a DNI order. 

In that case, palliative care was initiated. According to the 

protocol of good ethical practice of our hospital, if intubation 

was deemed inappropriate, the patient could be classified as 

DNI as previously described (additional definition is given 

in Supplementary materials).10 

“Late failure” (.48 h) was defined as a sudden or gradual 

deterioration in arterial blood gases (pH ,7.34 with an 

increase in PaCO
2
 .15%–20% compared with the previous 

value) with worsening of dyspnea, after an initial phase of 

partial recovery, even though NIV was continued at least 

6 h a day.20,21 

Statistical analysis
The normality of data distribution was assessed using the 

Kolmogorov–Smirnov test. When normally distributed, 

continuous data were compared using Student’s t-test; other-

wise, the Mann–Whitney U test was applied. Analysis of the 

discrete data was performed by Fisher’s exact test. Statistical 

analyses were performed using SPSS (SPSS for windows 

release 17.0, SPSS Inc., Chicago, IL, USA). A P-value 

of ,0.05 was considered statistically significant for single 

comparisons. All the reported P-values were two sided.

Results
Among the 155 COPD patients with AHRF, early NIV failure 

occurred in only 10 patients (6.5%), while 145 patients 

(93.5%) were initially successfully treated by NIV. Inhospital 

mortality was 16% (n=25) considering the overall popula-

tion, 50% (n=5) in the early NIV failure group compared 

with 14% (n=20) in the NIV success group (P=0.01). The 

main patients’ characteristics according to the response to 

NIV are listed in Table 1.

Table 2 compares the main patients’ characteristics 

between early (n=62) and delayed responders (n=83). 

In both groups, patients exhibited low serum albumin and 

prealbumin levels, a high MRC dyspnea score, a high 

Charlson comorbidity score, a poor functional status as 

demonstrated by a large proportion of patients classified as 

C or D according to the Knaus index, and a high clinical 

frailty score. In univariate analysis, the only distinctive 

characteristics of the delayed responders compared with 

the early responders to NIV were a lower age and a higher 

encephalopathy score at admission. The outcome of patients 

with a delayed response to NIV was similar to the one of the 

early responders. Among those with a pH ,7.25 after the first 

2 h of NIV trial (n=26), 21 patients (80.7%) survived hospital 

discharge with this NIV protocol. As shown in Figure 1, in 

the NIV success group (n=145), only two patients died from 

extra-respiratory causes – one from aortic dissection and the 

other from septic shock – although they had recovered from 

the first episode of AHRF under NIV. The vast majority of 

the inhospital deaths among the patients of the NIV success 

group were caused by “late NIV failure” which corresponded 

to a second episode of AHRF. All but one patient (n=19/20) 

who developed a second episode of AHRF while NIV was 

pursued – late NIV failure – died in hospital.

Discussion
This study shows that 1) a substantial number of COPD 

patients with AHRF exhibit a delayed but successful response 

to NIV when the latter is continued despite a persistent severe 

respiratory acidosis after the first NIV trial; 2) these delayed 

responders to NIV experience same outcome as the one of 

the early responders; and 3) a second episode of AHRF under 

NIV carries a bad prognosis.

The current study is exclusively focused on type 2 

(hypercapnic) or AHRF, which results from a pump dys-

function of the respiratory system. This scenario – acute-

on-chronic ventilatory failure – refers to the incapacity 

of the ventilatory pump to assume the work of breathing, 

leading to alveolar hypoventilation and hypercapnia. 

The current population includes particularly frail COPD 

patients with higher dyspnea score, lower functional status, 

severe malnutrition, and much more comorbidities than the 

individuals usually enrolled in the studies about the exac-

erbation of COPD, even in those including patients with a 

DNI order.21,23 In such a fragile population, NIV provides 

considerable benefits, especially to prevent the complica-

tions associated with invasive mechanical ventilation.1–4 

Gradually, NIV has been successfully applied in many 

circumstances of AHRF that were initially considered 

as contraindications to its use.10,24 While the previously 

published guidelines included severe encephalopathy in 
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their contraindications to NIV,3 Díaz et al24 demonstrated 

a significantly greater NIV success rate in a large popula-

tion of COPD patients in hypercapnic coma compared with 

those without severely impaired consciousness at admission 

(n=76/95, 80% vs n=605/863, 70%; P=0.04). The patients 

who exhibit our “delayed but successful response to NIV” 

are usually considered at very high risk for intubation. 

Despite a more severe hypercapnic encephalopathy at 

admission, these delayed responders to NIV exhibited the 

same outcome as the one of the early responders without 

the resort to intubation.

The literature about NIV for AHRF of COPD patients 

without treatment limitation decision constantly defines NIV 

failure as the need to resort to intubation and to invasive 

mechanical ventilation.1–9 The primary concern with the 

studies that have shown that the persistence of low pH or 

high PaCO
2
 at H2 predicted NIV failure is that these same 

variables were also used as main criteria to define NIV 

failure.5,6 Thus, it is not surprising that the same variables 

that are related to outcome status were found to be good 

predictors of the occurrence of the outcome (outcome 

classification bias).25 In other words, if in the study protocol 

low pH and high PaCO
2
 motivate the resort to intubation, 

and NIV failure is defined as the need to resort to intubation, 

then obviously pH and PaCO
2
 are expected to be associated 

with NIV failure. Even in the largest multicentric European 

study including 1,033 COPD patients, this pitfall was not 

avoided with 186 patients who were intubated because of 

“NIV failure” mostly defined by arterial blood gases (ABG) 

criteria.6 Inhospital mortality has reached 49% in that group. 

According to this large study, pH ,7.25 at H2 is associated 

with a risk of intubation exceeding 90%.6 In the current 

Table 1 Patients’ characteristics according to the response to NIV

Characteristics Overall population 
(n=155)

NIV failure 
(n=10; 6.5%)

NIV success 
(n=145; 93.5%)

P-value

Age (years) 68±12 69±10 68±12 0.70
Male, n (%) 114 (73.6%) 8 (80%) 106 (73%) 0.63
BMI (kg/m2) 29.5 (23.8–38.7) 24.0 (18.0–29.1) 31.0 (24.0–39.1) 0.03
SOFA score 4.0 (3.0–5.0) 5.5 (3.0–6.0) 4.0 (3.0–5.0) 0.27
Charlson comorbidity score 3 (2–5) 4 (3–5) 3 (2–5) 0.37
SAPS 2 36±11 43±20 35±10 0.23
MRC dyspnea score 5 (4–5) 5 (4–5) 5 (4–5) 0.72
DNI order, n (%) 96 (62%) 5 (40%) 91 (63%) 0.18
Knaus index C, n (%) 51 (33%) 2 (20%) 49 (34%) 0.50
Knaus index D, n (%) 74 (48%) 6 (60%) 68 (47%) 0.52
Clinical frailty score 6 (5–7) 6 (5–7) 6 (5–7) 0.58
Heart rate (bpm) 104±21 107±20 103±21 0.62
Respiratory rate (bpm) 28±7 26±8 28±7 0.55
Encephalopathy score 3 (2–4) 4 (1–5) 3 (2–4) 0.24
Systolic blood pressure (mmHg) 137±26 119±24 139±26 0.03
Albumin (g/L) 29.7±5.6 26.3±5.6 30.0±5.5 0.08
Prealbumin (g/L) 0.15±0.07 0.12±0.04 0.15±0.07 0.07
Respiratory depressant drugs, n (%) 31 (20) 1 (10) 30 (21) 0.68
Pneumonia, n (%) 57 (37) 5 (50) 52 (36) 0.50
Congestive heart failure, n (%) 22 (14) 1 (10) 21 (14.5) 1.00
Idiopathic, n (%) 68 (44) 3 (30) 65 (45) 0.51
Sepsis, n (%) 3 (2) 1 (10) 2 (1.4) 0.18
Pulmonary embolism, n (%) 3 (2) 0 (0) 3 (2.1) 1.00
Others, n (%) 2 (1) 0 (0) 2 (1.4) 1.00
pH 7.25 (7.19–7.32) 7.20 (7.14–7.33) 7.26 (7.20–7.32) 0.42
PaCO2 (mmHg) 76 (62–90) 76 (62–86) 76 (62–90) 0.83
PaO2/FiO2 227±74 255±83 226±74 0.30
FiO2 (%) 30 (25–45) 30 (25–45) 30 (25–40) 0.87

hCO3
− (mmol/L) 33.2±6.8 31.7±5.4 33.3±7.0 0.40

EPAP (cmH2O) 8 (6–8) 8 (6–8) 8 (6–8) 0.92
IPAP (cmH2O) 18 (16–18) 18 (17–20) 18 (16–18) 0.32
Inhospital mortality, n (%) 25 (16%) 5 (50%) 20 (14%) 0.01
LOS in hospital 13 (8–17) 11.5 (1–19) 13 (9–17) 0.42

Note: Data presented as mean ± SD or median (interquartile range, 25–75).
Abbreviations: BMI, body mass index; bpm, beat/breath per minute; DNI, do-not-intubate; EPAP, expiratory positive airway pressure; IPAP, inspiratory positive airway 
pressure; LOS, length of stay; MRC, Medical Research Council; NIV, noninvasive ventilation; SAPS 2, simplified acute physiologic score 2; SOFA, sequential organ failure 
assessment score.
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population of very frail COPD patients, among the delayed 

responders to NIV, 26 patients (31%) had a pH ,7.25 after 

the first 2 h of NIV trial and should have been intubated 

according to these recommendations.5,6 A total of 21 of these 

patients (81%) survived hospital discharge with this proto-

col allowing the pursuit of NIV, while inhospital mortality 

was drastically lower (19%) with our protocol than in all 

the previously published studies about hypercapnic COPD 

patients at high risk for intubation according to the ABG’s 

criteria. Far from delaying intubation, our “more NIV” 

strategy might rather prevent complications associated with 

invasive mechanical ventilation especially in frail patients 

with chronic respiratory failure prone to difficult weaning 

from mechanical ventilation.

Among the patients initially improved by NIV during 

the first 48 h, 13.8% of them exhibited a second episode of 

AHRF despite NIV was carried on. This late NIV failure 

scenario was associated with a dreadful prognosis. This 

result is in agreement with previously published data in 

obese17 and COPD patients.18 Our population includes frail 

malnourished individuals with severe chronic respiratory 

failure and many comorbidities who became even more 

weakened after the first episode of AHRF.26 Acute respira-

tory failure classically worsens systemic inflammation and 

malnutrition and causes prolonged confinement to bed and 

sleep disturbances, all of which precipitate the deteriora-

tion of respiratory function.26–28 Another explanation lies on 

the refusal of many frail DNI patients to pursue NIV after 

Table 2 Comparison of the early responders with the delayed responders to NIV

Parameters Early responders 
(n=62) (%)

Delayed responders 
(n=83) (%)

P-value

Age (years) 70±11 66±13 0.03
Male, n (%) 47 (76) 59 (71) 0.40
BMI (kg/m2) 32.7 (23–38) 29.5 (24–40) 0.68
SOFA score 4 (3–4) 4 (3–5) 0.21
SAPS 2 34±9.6 36±9.8 0.30
Charlson comorbidity score 4 (3–5) 3 (2–4) 0.09
MRC dyspnea score 5 (4–5) 5 (4–5) 0.53
DNI order, n (%) 43 (69) 49 (59) 0.20
Knaus index C, n (%) 19 (30) 30 (36) 0.48
Knaus index D, n (%) 34 (55) 34 (41) 0.10
Clinical frailty score 7 (5–7) 6 (4–7) 0.12
Heart rate (bpm) 105±20 102±22 0.30
Respiratory rate (bpm) 29±6 27±7 0.15
Encephalopathy score 3 (2–4) 3 (2–4) 0.015
Systolic blood pressure (mmHg) 140±25 137±27 0.49
Albumin (g/L) 29.7±6 30.1±5 0.70
Prealbumin (g/L) 0.16±0.06 0.14±0.07 0.31
Respiratory depressant drugs, n (%) 9 (14.5) 21 (25.3) 0.11
Causes of AHRF, n (%)

Pneumonia 22 (35.5) 30 (36) 0.93
Congestive heart failure 11 (17.7) 10 (12) 0.33
Idiopathic 25 (40) 40 (48) 0.35
Sepsis 1 (1.6) 1 (1.2) 0.83
Pulmonary embolism 2 (3.2) 1 (1.2) 0.58
Other 1 (1.6) 1 (1.2) 1.00

pH 7.27 (7.23–7.33) 7.25 (7.19–7.33) 0.17
PaCO2 (mmHg) 73 (61–82) 80 (62–91) 0.06
PaO2/FiO2 222±70 229±76 0.57
FiO2 (%) 30 (25–45) 30 (25–40) 0.51

hCO
3
−  (mmol/L) 33±7 33.5±6 0.73

EPAP (cmH2O) 7.5 (6–8) 8 (6–8) 0.04
IPAP (cmH2O) 17 (16–18) 18 (16–19) 0.24
Outcome, n (%)

Late NIV failure 9 (14.5) 11 (13.2) 0.83
Inhospital death 10 (16%) 10 (12%) 0.49

Note: Data presented as mean ± SD or median (interquartile range, 25–75).
Abbreviations: AHRF, acute hypercapnic respiratory failure; BMI, body mass index; bpm, beat/breath per minute; DNI, do-not-intubate; EPAP, expiratory positive 
airway pressure; IPAP, inspiratory positive airway pressure; MRC, medical research council; NIV, noninvasive ventilation; SAPS 2, simplified acute physiologic score 2; 
SOFA, sequential organ failure assessment score.
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several days of hospitalization. Depression and anxiety are 

common symptoms in hospitalized COPD patients, which 

are often overlooked in spite of their significant impact 

on mortality following acute exacerbation of COPD.29 

It should be stressed that depression can clearly influence the 

end-of-life decisions of hospitalized COPD patients toward 

“do-not-resuscitate” or DNI orders.30 As hospitalization 

may exacerbate the symptoms of depression, many of these 

vulnerable patients can decide to stop a treatment such as NIV 

they find uncomfortable. From an ethical point of view, NIV 

has to be considered as a life support modality that cannot 

be imposed by force, especially in the most debilitated ones 

with a DNI status. In that case, NIV may be abandoned to 

respect the patient’s wishes in favor of palliative care, thus 

precipitating inhospital death. The previous explanations 

help to understand the very high inhospital mortality rate of 

this subgroup of patients characterized by a second episode 

of AHRF that occurs despite the pursuit of NIV.21 

Some limitations have to be acknowledged. Of course, 

the non-randomized study design can be considered as a true 

methodological limitation. However, this is the first pilot 

study that was conducted in the real-life conditions of three 

different centers according to a strict protocol that allows 

the pursuit of NIV in the most refractory cases of AHRF. 

All efforts were made to provide NIV in the same conditions 

for all the patients wherever they were managed. Thus, NIV 

was started using the same ventilator, the same circuit and 

interface, and the same pressure-cycled mode in all the 

patients. Our findings should be confirmed by large controlled 

trials but question the current recommended approach based 

on the early resort to intubation when severe respiratory 

acidosis persists after the first NIV challenge.

Conclusion
Most of the COPD patients managed with NIV for AHRF 

exhibit a persistent severe respiratory acidosis (pH 7.3) 

after the first 2 hours of NIV trial. These delayed respond-

ers to NIV need some more time to recover from AHRF, 

but finally they have a similar outcome without the resort to 

intubation than those who immediately correct their arterial 

blood gases under NIV. On the opposite, a second episode of 

acute respiratory failure while NIV is pursued is associated 

with a poor prognosis.
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Supplementary materials
Patients and methods
Evaluation criteria
Do-not-intubate (DNI) status: decision process
According to good ethical practice and standard of care of 

our hospital, all patients who were admitted for acute-on-

chronic respiratory failure were classified as either a DNI 

order or not.1 This decision was made by the patient him/

herself whenever possible. When the patient does not have 

the capacity to make such decision, it was taken by the trusted 

person mandated by the patient or by a multidisciplinary 

team including physicians and nurses caring for the patient. 

Clinicians involved in the decision process included at least 

an intensivist and either a pulmonologist or an emergency 

care practitioner, who did not participate in the current 

study. Patients were classified as DNI when their physical 

disability and their underlying debilitating conditions made 

them poor candidates for intubation. The patient’s family 

was informed in a clear and loyal manner, and all efforts 

were provided to make them understand and adhere to the 

medical decision.1 

According to the French law 2005-370 of April 22, 2005 

(Leonetti’s law),2 which focuses on end-of-life decision-making, 

everything should be performed to respect the patient’s 

choices. Thus, the practitioner in charge must respect the 

patient’s wishes.3 Patients can prepare advanced direc-

tives to anticipate a critical situation where they would not 

be able to express their will.3 Patients can also appoint a 

trusted person to express their will in the case they cannot 

express their wishes by themselves.3 The appointment has 

to be made in writing. For the intensivist or the emergency 

care practitioner, the classical scenario is the one including 

a patient unable to express his/her will, for whom there are 

no advance directives and no previously mandated trusted 

person. In this particular case, which is unfortunately the 

most common one in clinical practice regarding patients 

admitted for acute respiratory failure, physicians should 

respect a collegial medical procedure. This last point aims 

at preventing the possibility of a self-fulfilling prophecy 

regarding the patient’s prognosis.3 Our team is very keen on 

respecting this law at the bedside and we make everything 

in our power to have collegiate discussion on each case on 

a daily basis.

Except for invasive interventions, therapeutic manage-

ment of DNI COPD patients was similar to every patient with 

COPD admitted for acute respiratory failure. All the patients 

with a DNI order were admitted to either the intensive care 

unit (ICU) or the step-down unit at least for the first 2 days.1 

Once stabilized, they were transferred to a medical ward, 

where NIV could be pursued if necessary.

Table S1 Clinical frailty score

Score Frailty grade Description

1 Very fit People who are robust, active, energetic, and motivated. These people commonly exercise regularly. They are 
among the fittest for their age

2 Well People who have no active disease symptoms but are less fit than those of category 1. Often, they exercise or 
are very active occasionally (that is, seasonally)

3 Managing well People whose medical problems are well controlled, but are not regularly active beyond routine walking
4 Vulnerable While not dependent on other for daily help, symptoms often limit activities. A common complaint is being 

slowed up, and/or being tired during the day
5 Mildly frail These people often have more evident slowing, and need help in high-order independent activities of daily 

living (finances, transportation, heavy housework, medications). Typically, mild frailty progressively impairs 
shopping and walking outside alone, meal preparation, and housework

6 Moderately frail People need help with all outside activities and with keeping house. Inside, they often have problems with stairs 
and need help with bathing and might need minimal assistance (cuing, standby) with dressing

7 Severely frail Completely dependent for personal care, from whatever cause (physical or cognitive). Even so, they seem 
stable and not at high risk of dying (within ~6 months)

8 Very severely frail Completely dependent, approaching the end of life. Typically, they could not recover even from a minor illness.
9 Terminally ill Approaching the end of life. This category applied to people with a life expectancy ,6 months, who are not 

otherwise evidently frail

Note: Adapted from McDermid RC, Stelfox HT, Bagshaw SM. Frailty in the critically ill: a novel concept. Crit Care. 2011;15(1):301.4
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