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Abstract

Background: Noninvasive ventilation (NIV) is frequently used for the management of acute respiratory failure (ARF)

in very old patients (≥ 80 years), often in the context of a do-not-intubate order (DNI). We aimed to determine its

efficacy and long-term outcome.

Methods: Prospective cohort of all patients admitted to the medical ICU of a tertiary hospital during a 2-year

period and managed using NIV. Characteristics of patients, context of NIV, and treatment intensity were compared

for very old and younger patients. Six-month survival and functional status were assessed in very old patients.

Results: During the study period, 1,019 patients needed ventilatory support and 376 (37%) received NIV. Among

them, 163 (16%) very old patients received ventilatory support with 60% of them managed using NIV compared

with 32% of younger patients (p < 0.0001). Very old patients received NIV more frequently with DNI than in

younger patients (40% vs. 8%). Such cases were associated with high mortality for both very old and younger

patients. Hospital mortality was higher in very old than in younger patients but did not differ when NIV was used

for cardiogenic pulmonary edema or acute-on-chronic respiratory failure (20% vs. 15%) and in postextubation (15%

vs. 17%) out of a context of DNI. Six-month mortality was 51% in very old patients, 67% for DNI patients, and 77%

in case of NIV failure and endotracheal intubation. Of the 30 hospital survivors, 22 lived at home and 13 remained

independent for activities of daily living.

Conclusions: Very old patients managed using NIV have an overall satisfactory 6-month survival and functional

status, except for endotracheal intubation after NIV failure.

Introduction
The use of noninvasive ventilation (NIV) as first-line

supportive therapy for acute respiratory failure (ARF) is

increasing in the ICU. The reduced invasiveness of this

technique in selected populations of critically ill patients

leads to better outcomes than with endotracheal intuba-

tion. NIV reduces the need for intubation and decreases

mortality during acute-on-chronic respiratory failure

(AOC), cardiogenic pulmonary edema (CPE), and de

novo ARF in immunocompromised patients [1-6].

Recently, NIV has been proposed for the prevention of

postextubation ARF for at-risk patients, with promising

results [7,8]. The choice of NIV aims to avoid complica-

tions, particularly in fragile patients [9]. Patients aged 80

years or older, also referred to as “very old patients,” are

potentially “good candidates” for a less invasive

management.

The proportion of elderly persons among hospitalized

patients, including ICU admissions, is rapidly growing in

developed countries. In recent epidemiological studies,

very old patients represent 10-15% of ICU admissions

[10-12]. Also, the incidence of ARF increases exponen-

tially with age [13]. Elderly patients are particularly sus-

ceptible to chronic heart failure and pulmonary diseases,

which are classical causes of respiratory failure needing

ICU admission [14]. The management of critical respira-

tory illness in the elderly is therefore of particular

importance. NIV also is frequently proposed for the

respiratory support of patients with a do-not-intubate

order (DNI), as supported by the results of a recent,

randomized controlled study and surveys [15-18].

Although DNI in itself cannot be considered as an
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indication of NIV, the place of NIV as a ceiling therapy

or a comfort treatment for patients with acute respira-

tory failure near the end of life is debated and a better

delineation of the place for palliative NIV among overall

indications of NIV is needed [19]. In this context, we

sought important to isolate NIV performed in the con-

text of DNI.

Whereas NIV is an attractive technique for the man-

agement of ARF in very old persons, specific data for

this population are limited, especially for long-term

mortality [20-23]. The goal of this prospective cohort

study was to identify the conditions in which NIV is

applied to very old patients in the ICU compared with

younger patients and to assess its influence on long-

term outcome and functional status.

Methods
Setting and population

The study was approved by the Ethics Committee of the

French Society of Intensive Care Medicine (n° 08-260).

According to the French legislation, requirement to

obtain written informed consent was waived. During

ICU stay, patients or their surrogates were informed

about data collection for the research and about their

right to refuse. Information about their right to refuse

also was specified at time of phone interview.

The study was conducted in the 24-bed medical ICU

of the Henri Mondor University Hospital. Although NIV

can be started outside of the ICU, patients needing NIV

for ARF are usually admitted to our ICU. In this closed

unit, NIV is managed by ICU physicians and nurses in

charge of the patient. ICU ventilators with oronasal or

total face masks are used for NIV sessions. Pressure

support mode is applied as the first choice. Arterial

blood gases are usually measured after 1 hour of treat-

ment to assess the response to NIV and to modify the

settings accordingly. Due to the growing use of NIV in

our unit, a specific registry for patients who undergo at

least 2 hours of NIV had been implemented [2,24].

The investigator in charge of registry completion was

not involved directly in patient care. In the registry,

severity at admission and at the start of NIV is assessed

by SAPS II [25] and SOFA [26] scores. Patients are pro-

spectively classified according to the context in which

NIV treatment is administered; cardiogenic pulmonary

edema and/or acute-on-chronic respiratory failure,

including COPD exacerbation (CPE-AOC), de novo

ARF, postextubation NIV, and do-not-intubate or rein-

tubate order (DNI) is considered as a separate group. In

the case of multiple indications of NIV during the ICU

stay, patients with DNI decisions were classified in the

DNI group regardless of the initial cause of ARF, and

non-DNI patients were classified according to the first

indication. NIV failure was defined as the need for

endotracheal intubation and/or a continuing need for

NIV on day 6 and/or ICU death [27]. We added the

continuing need for NIV to the definition of NIV failure

because, in DNI patients, endotracheal intubation is not

applicable. Vital status was recorded at ICU and hospital

discharge.

Additional information on comorbidities and long-

term outcomes was specifically recorded for very old

patients included in the ICU registry from January 1,

2007 to December 31, 2008. Comorbidities were

assessed using the Charlson index [28]. End-stage

chronic respiratory failure definition was based on the

National Hospice Organization guidelines and included

at least two criteria among: O2 or NIV home treatment,

previous ICU admission for ARF within the past year,

FEV1 < 30% of predicted value, or cor pulmonale [29].

For each hospital survivor, vital status and living condi-

tions were assessed by either one ICU nurse or one ICU

physician (AF) through telephone interviews. The first

phone contact was made with the patient’s general prac-

titioner. If this was not possible, the patient’s relatives

or the patients themselves were contacted. For each

patient, phone contact was performed at least 6 months

after ICU admission. A 10-minute interview was devel-

oped using a specific chart that included standardized

questions. The patient’s vital status or date of death, liv-

ing location, and need for home respiratory treatments

(i.e., oxygen and NIV) were recorded. Independence in

activities of daily living (ADL) [30] was assessed in sur-

vivors at the time of phone interview and was used to

retrospectively determine their pre-ICU status. The vali-

dated ADL system assesses the ability of patients for

bathing, dressing, toileting, transfer, continence, and

feeding. For each function, patient dependence was

described as no help, partial assistance, and complete

assistance.

Statistical analysis

Categorical variables were expressed as percentages and

continuous variables as the median and interquartile

range (25th-75th IQR). Categorical variables were com-

pared between very old patients and younger patients,

younger than aged 80 years, using the chi-square or

Fisher’s exact test, and continuous variables using the

nonparametric Mann-Whitney test as appropriate. P

value ≤ 0.05 in a two-tailed test was considered statisti-

cally significant. Statistical tests were performed using

Intercooled STATA 8.2 software (StatCorp, Texas,

USA).

Results
Characteristics of very old patients

During the 2-year study period, 1,696 patients were

admitted to the ICU: 1,019 of these patients (60%)
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required ventilatory support, and 376 (37%) received

NIV during their ICU stay (see flow chart in Figure 1).

The proportion of patients needing ventilatory support

was similar in very old (163/253, 64%) and in younger

patients (856/1,443, 59%; p = 0.12). NIV as first-line

therapy was more frequent in very old patients (85/163,

52%) compared with younger patients (194/856, 23%; p

< 0.0001); 13 additional very old patients received NIV

after extubation compared with 84 younger patients.

The characteristics of the 98 very old and the 278

younger patients receiving NIV as first-line ventilatory

support or after extubation during the same period are

indicated in Table 1. The majority of very old patients

(88%) were living at home before hospital admission;

14% had home respiratory support before admission and

18% had been previously admitted to the ICU for ARF.

The most frequent circumstance for NIV use in very old

patients (40%) was a DNI decision compared with only

8% in younger patients. In DNI patients, the cause of

ARF was CPE or COPD exacerbation in 30/39 (77%) of

the very old patients compared with 10/22 (45%) of the

younger patients (p = 0.013). Very old patients had a

significantly higher PaCO2 at the start of NIV and

received NIV for a longer duration than younger

patients.

Survival and functional status of very old patients

The median follow-up was 316 (range, 204-391) days

after ICU admission. ICU and hospital mortality were

28% and 40% respectively (Figure 2). Of the 59 very old

patients discharged alive from hospital, 22 (37%) were

discharged at home and 37 (63%) into a nursing home.

Twenty-nine of the 59 hospital survivors died after hos-

pital discharge with a median time of 231 (range, 136-

474) days. Vital status assessment was not possible in

four patients after hospital discharge; for these patients,

their general practitioners thought that they were possi-

bly dead but had no definitive information, and they

were recorded as dead at 3 months. The overall 3-

month and 6-month mortality rates were 49% and 51%,

respectively (Figure 2).

Thirty very old patients (31%) were alive when con-

tacted for phone interview (Table 2). Twenty-two (73%)

were living at home compared with 27 (90%) before

ICU admission (p = 0.18). An ADL score could be

recorded for all 30 survivors at phone interview (Table

2). Thirteen (43%) returned to total independence in

daily activities compared with 18 (60%) before ICU

admission (p = 0.2). Only five patients were completely

unable to care for themselves. The detail for each activ-

ity is indicated in Table 3. At phone interview, 12 survi-

vors (40%) were under home oxygen (n = 8) or NIV (n

= 4) compared with only two patients needing oxygen

before ICU admission (Table 2). Of note, 8/10 patients

on home O2 therapy and all 4 patients on home NIV

before ICU admission were dead when contacted for

phone interview [12/14 (86%) mortality for those on

home respiratory support].

Comparison of hospital outcome between very old and

younger patients

Compared with the 278 younger patients who received

NIV, very old patients had significantly higher ICU and

hospital mortality (28% vs. 17%, p = 0.03, and 40% vs.

25%, p < 0.01). Hospital mortality was similar in the two

groups when NIV was applied for CPE-AOC respiratory

failure and during the postextubation period, both out

of the context of a DNI order (Figure 3). Hospital mor-

tality was particularly high in the DNI group, both in

very old (56%) and in younger patients (72%; Figure 3).

Among the 39 very old patients with DNI, 10% only

were alive when contacted for phone interview (Figure

4). Very old DNI patients were older, had significantly

more comorbidities, and had more severe hypercapnia

than very old patients with full life support (Table 4).

The Kaplan-Meier survival curves according to DNI sta-

tus are shown in Figure 5.

The incidence of NIV failure was similar between very

old and younger patients (42% vs. 40%, respectively).

The in-hospital mortality of very old patients intubated

because of NIV failure was significantly higher than for

younger patients (10/13, 77% vs. 38/82, 46%, p = 0.01;

Figure 4). Among the 13 very old patients requiring

intubation, 8 received NIV for de novo ARF. Intubated

very old patients were significantly more hypoxemic

than nonintubated very old patients (P/F ratio of 110

(100-150) vs. 200 (150-300) mmHg, p < 0.001).

Discussion
This cohort is the largest to date concerning NIV

applied to very old patients in the ICU for ARF and

shows several specific features in comparison to younger

patients. Sixty percent of very old patients needing
Figure 1 Flow chart of the cohort study.

Schortgen et al. Annals of Intensive Care 2012, 2:5

http://www.annalsofintensivecare.com/content/2/1/5

Page 3 of 9



respiratory support were managed using NIV compared

with only 32% of younger patients, and very old patients

represented 26% of all patients managed with NIV in

our ICU. NIV was applied in 40% of the very old

patients with a DNI order. This large number of very

old patients who received NIV observed in our ICU

warranted the development of a specific long-term fol-

low-up study. The 6-month survival rate of very old

patients was 51% with satisfactory living conditions. The

number of survivors needing chronic respiratory support

was, however, more frequent after than before ICU

admission. Hospital survival of very old patients was

similar to younger patients when NIV was applied for

the recommended indications, i.e., CPE-AOC respiratory

failure and the prevention of postextubation ARF out of

a DNI context. NIV in a context of DNI was associated

Table 1 Characteristics of all patients managed with NIV according to age

Patients ≥ 80 y (n = 98) Patients < 80 y (n = 278) p value

Characteristics at ICU admission

Age, yr 84 (80-86) 67 (54-74) < 0.001

[min-max] [80-94] [17-79]

Gender, M/F, n 45/53 185/93 < 0.001

Home respiratory support, n (%) 14 (14) 28 (10) 0.4

Nasal O2 10 17

NIV 4 11

History of ICU admission for ARF, n (%) 18 (18) 49 (18) 0.87

Immunocompromised, n (%)a 9 (9) 54 (19) 0.02

Location before ICU admission, n (%) 0.15

Emergency room 59 (60) 140 (50)

Medical ward 28 (29) 110 (40)

Surgical ward 11 (11) 28 (10)

NIV start before ICU admission, n (%) 15 (15) 28 (10) 0.16

SAPS II at admission, points 43 (36-52) 39 (31-49) < 0.01

Non-age-related SAPS II, pointsb 25 (18-34) 27 (20-38) 0.21

Characteristics at NIV start

Patients with extra respiratory organ failure, n (%)c 65 (66) 189 (68) 0.76

NIV context, n (%) < 0.001

CPE-AOC respiratory failure 30 (31) 93 (34)

de novo ARF 16 (16) 79 (28)

Postextubation 13 (13) 84 (30)

Do-not-intubate order 39 (40) 22 (8)

ABG before NIV start

pH 7.35 (7.27-7.42) 7.38 (7.30-7.44) 0.05

PaCO2, mmHg 57 (40-71) 47 (37-60) < 0.01

PaO2/FiO2, mmHg 189 (145-235) 190 (120-240) 0.69

NIV management

NIV duration within the first 24 hours, h 6 (4-10) 4 (3-8) < 0.001

Period of NIV delivery during ICU stay, d 3 (1-5) 2 (1-3) < 0.001

Discharged from ICU with NIV, n (%)d 9/94 (10) 11/267 (4) 0.05

ABG, arterial blood gases; ARF, acute respiratory failure; CPE-AOC, cardiogenic pulmonary edema and acute-on-chronic respiratory failure; ICU, intensive care unit;

NIV, noninvasive ventilation. aAIDS, neutropenia < 500/mm3, immune-suppressive drugs, chemotherapy, long-term, or recent high dose of steroids. bSimplified

Acute Physiology Score (SAPS II) minus points for age. cAt least one point in the nonrespiratory SOFA score. dIn patients without NIV home treatment before ICU

admission.

Figure 2 Outcome in very old patients managed with NIV.
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with a poor outcome in both very old and younger

patients.

The admission of very old patients to the ICU raises

the question of the benefits and risks of invasive suppor-

tive care. In adults requiring mechanical ventilation, the

likelihood of death significantly increased with age [31].

In patients aged 70 years or older, complications during

the course of mechanical ventilation increased the risk

of hospital mortality [32]. This suggests that avoiding

invasive procedures might be particularly crucial in the

elderly, even if the impact of the intensity of care on the

survival of elderly patients is still under debate [33]. The

greater use of NIV in very old patients than in younger

found in our study could be due to physicians choosing

a less invasive technique. Also, neurologic disease is less

frequently the primary reason for mechanical ventilation

in elderly patients and the need for ventilatory support

results more frequently from respiratory distress, which

represents the most frequent reason for ICU referral in

very old patients [32,34].

Previous clinical trials on NIV have included some

very old patients, but the median age was usually

approximately 75 when studying NIV for hypercapnic

ARF, and much younger in case of hypoxemic nonhy-

percapnic ARF [1,2,5,35]. One previous study focused

on 106 very old patients who needed mechanical venti-

lation. The ICU mortality of NIV patients was of 21%,

quite similar to that in our cohort (28%), and with a 2-

year mortality of 88% [21]. Recently, Nava and cowor-

kers reported the result of a RCT on the efficacy of NIV

in patients older than 75 admitted for hypercapnic ARF

[16]. In this study, 22 of 41 patients with DNI orders

Table 2 Living conditions of the 30 survivors at phone interview (> 6 months)

Before ICU (n = 30) After ICU (n = 30) p value

Living 0.2

At home, n (%) 27 (90) 22 (73)

Home care, n (%) 3 (10) 8 (17)

Global functional status, n (%) 0.2

Full function (ADL 6) 18 (60) 13 (43)

Moderate impairment (ADL 4-5) 8 (27) 9 (30)

Severe impairment (ADL < 2) 2 (7) 5 (17)

Chronic respiratory support, n (%) < 0.01

No 28 (93) 18 (60)

NIV dependency 0 8 (27)

O2 dependency 2 (7) 4 (13)

ADL, activities of daily living; ICU, intensive care unit; NIV, noninvasive ventilation.

Table 3 Comparison of functional autonomy before and

after ICU admission in the 30 survivors at phone

interview according to the activities of the Katz’s

Activities of Daily Living (ADL) [30]

Before ICU After ICU p value

Bathing, n (%) 0.052

Independent 21 (70) 14 (47)

Partly dependent 8 (27) 9 (30)

Dependent 1 (3) 7 (23)

Dressing, n (%) 0.064

Independent 23 (77) 17 (57)

Partly dependent 6 (20) 6 (20)

Dependent 1 (3) 7 (23)

Toileting, n (%) 0.516

Independent 26 (87) 22 (73)

Partly dependent 2 (7) 3 (10)

Dependent 2 (7) 5 (17)

Transfer, n (%) 0.148

Independent 25 (83) 18 (60)

Partly dependent 3 (10) 7 (23)

Dependent 2 (7) 5 (17)

Continence, n (%) 0.657

Independent 22 (73) 20 (67)

Partly dependent 2 (7) 1 (3)

Dependent 6 (20) 9 (30)

Feeding, n (%) 0.299

Independent 27 (90) 22 (73)

Partly dependent 2 (7) 4 (13)

Dependent 1 (3) 4 (13)

ICU, intensive care unit.

*
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Figure 3 Hospital mortality according to age and the context

of NIV. DNIO, Do-not-intubate order; CPE-AOC, cardiogenic

pulmonary edema and acute-on-chronic respiratory failure. *p < 0.05

vs. younger patients.
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included in the standard medical therapy group received

NIV as a rescue therapy. The mortality rate in this sub-

group was comparable with the overall NIV group. The

6-month mortality of patients who received NIV was

98"patients"> 80"years"managed"with"NIV

13"Need for"
endotracheal intubation

Hospitalmortality

7/46"(15%)

46"No"need for"
endotracheal intubation

39"with Do"Not"IntubateOrder

Hospitalmortality

10/13"(77%)
Hospitalmortality

22/39"(56"%)

59"without Dot"Not"IntubateOrder

6"monthmortality

14/46"(30%)
6"monthmortality

10/13"(77%)
6"monthmortality

26/39"(67%)

Mortality at phone"interview
22/46"(48%)

Mortality at phone"interview
11/13"(85%)

Mortality at phone"interview
35/39"(90%)

Figure 4 Outcome in very old patients according to the

context and success of NIV.

Table 4 Characteristics of very old patients according to do-not-intubate (DNI) status

Very old patients without DNI order
(n = 59)

Very old patients With DNI order
(n = 39)

p

value

Decision of limitation NA

Do not intubate 0 33

Do not reintubate after extubation failure 0 6

Age (yr) 84 (81-85) 86 (83-89) <0.01

Sex Male, n (%) 27 (46) 18 (46) 0.97

Patients living at home before hospital admission, n
(%)

54 (92) 32 (82) 0.16

Charlson comorbidity index, n (%) 0.01

No or low comorbidities (0-1 point) 28 (47) 8 (21)

High comorbidities (> 1 points) 31 (53) 31 (79)

Type of comorbidities

Dementia 1 (2) 6 (15) 0.02

Full dependency for ADL 0 11 (28) <0.001

End-stage respiratory failure 4 (7) 16 (41) <0.001

with home respiratory support 4 10 0.016

Active cancer 7 (12) 4 (10) 0.99

Chronic heart failure 24 (41) 17 (44) 0.77

Peripheral obstructive arterial disease 5 (8) 6 (15) 0.34

SAPS II, points 43 (36-52) 43 (36-50) 0.75

Patients with extra-respiratory OFa, n (%) 38 (64) 27 (69) 0.67

ABG before NIV start

pH 7.36 (7.27-7.43) 7.32 (7.22-7.4) 0.18

PaCO2 (mmHg) 46 (38-64) 67 (53-80) <0.01

PaO2/FiO2 ratio (mmHg) 180 (120-268) 195 (168-216) 0.59

NIV delivery

Within first 24 hours (h) 6 (4-8) 9 (6-15) <0.001

During ICU stay (d) 2 (1-3) 4 (3-6) <0.001

Continuing need for NIV on day 6, n (%) 3 (5) 12 (33) 0.011

ICU length of stay (d) 8 (5-13) 8 (5-14) 0.87

Among survivors 8 (5-13) 7 (5-14) 0.48

Hospital length of stay (d) 25 (13-40) 20 (8-37) 0.21

Among survivors 27 (17-40) 29 (17-45) 0.25

ADL, activities of daily living; ABG, arterial blood gases. aOrgan failure (OF) is defined by at least one point in the nonrespiratory SOFA score.

Days after ICU admission

903015 60 120 150 180

No DNI

All

DNI

%
 o

f 
v
e
ry
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 p
a
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e
n
ts

Figure 5 Kaplan-Meier survival curves of very old patients after

ICU admission. DNI, do-not-intubate.
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lower than in our study (27%). Patients enrolled in this

RCT were limited to hypercapnic ARF and were slightly

younger and had fewer comorbidities.

Hospital mortality of general populations of ICU very

old patients varies from 24% to 50%, suggesting differ-

ences in the triage for ICU admission [10,12,36]. In 228

very old patients admitted in one ICU in Paris, 3-month

mortality rate was approximately 50% [37]. In a cohort

of 233 patients with similar age and disease severity,

Boumendil et al. showed a 2-month mortality of 41%

[38]. Whereas all patients needed respiratory support in

our cohort, we found a comparable 3-month mortality

rate (49%). We observed that deaths occurred predomi-

nantly within the first 3 months after hospital discharge,

which is consistent with previous reports [37].

The majority of survivors at phone interview were liv-

ing at home with little or no limitation of daily activities

(Table 2), which is in accordance to previous studies

showing little change in functional status after ICU dis-

charge [36,38,39]. The evolution of functional autonomy

varied according to the activity with a trend toward

more dependent patients after ICU stay for bathing,

dressing, and transfer. Pre-ICU status was, however, ret-

rospectively evaluated at phone interview with a poten-

tial bias in case of functional status underestimation.

Whatever the pre-ICU status, only 5 of the 30 survivors

had severe functional impairment. The higher number

of very old patients discharged from the ICU with the

need for NIV and the higher number of survivors need-

ing chronic respiratory care after the episode of ARF

support the hypothesis that age-associated lung patho-

physiological changes predispose elderly patients to the

need for chronic respiratory support when recovering

from ARF [14].

Survival of very old patients depended heavily on the

context in which NIV was applied. The strong impact of

NIV in a context of DNI and de novo ARF on 6-month

mortality precluded any identification of other risk fac-

tors. Development of multivariate analysis in subgroup

of patients based on NIV context was not possible

because of the limited sample size of our population. In

patients with full life support, the use of NIV to reverse

de novo ARF was associated with a poor outcome. The

rate of NIV failure was the highest in this context and

hospital mortality was higher than in younger patients.

Some studies have suggested a potential increase in

mortality associated with NIV failure, in the context of

de novo ARF [40]. Our results suggest that patients who

can benefit from NIV for de novo ARF need to be more

clearly defined, especially in the very old age group. In

addition, in patients with severe chronic respiratory dis-

ability, as indicated by previous home respiratory sup-

port, long-term mortality was extremely high.

NIV is frequently proposed for very old patients with

a DNI decision [23,41]. The outcome of NIV in this

context has received little attention and remains con-

troversial [17,42,43]. Hospital mortality was higher in

very old DNI patients than in very old patients with

full care intensity (56% vs. 27%), but this difference

was larger in younger patients (72% in case of DNI vs.

21%). Two previous studies in critically ill DNI patients

managed with NIV reported hospital mortality of 57%

and 65% [15,18]. Schettino et al. observed that DNI

survivors were older than DNI nonsurvivors [18]. This

difference suggests different reasons for DNI decisions

in elderly and younger patients. Whereas hospital mor-

tality appears acceptable in very old DNI patients, only

four patients remained alive at phone interview. One

previous study of 34 DNI patients of various ages in

whom NIV was applied in the ICU found a 6-month

mortality rate of 85% [41]. The survival of DNI

patients might depend on the cause of ARF, with a

better reported survival at hospital discharge in the

case of NIV for CPE and COPD exacerbations [15,18].

In our cohort, 30/39 DNI very old patients received

NIV to reverse CPE or COPD exacerbation; 14 were

discharged alive from the hospital, but only 2 had sur-

vived at 6 months. For DNI patients, physicians can

apply NIV with the goal of reversing ARF or for the

comfort of patients at the end of life. These two

approaches will be associated with different survival

rates. An overlap also can exist between these two

approaches [43]. A limitation of the study, due to its

small sample size, is that we did not separate NIV as a

ceiling therapy and NIV indicated for comfort. Very

old patients with ARF are frequently unable to discuss

and make decisions about their treatment. The DNI

decision was based on advance directives in only one

patient. Treatment limitations are discussed with

family, general practitioners, and are based on deci-

sions of medical and nursing staff. With regard to pre-

ICU cognitive, functional, and respiratory status, lim-

itations of endotracheal intubation seemed justified

(Table 4). Interestingly, the outcome of very old

patients intubated because of NIV failure was no better

than that in patients not intubated due to endotracheal

intubation limitation. Endotracheal intubation after

NIV failure in this population of patients seems of

questionable benefit, and further studies should focus

on the long-term outcome of this subgroup.

Our study is monocentric and only observational. The

frequency and outcome of NIV depend on the expertise

of medical and nursing staff in managing this technique.

Our study illustrates the NIV practice in a specific ICU,

and results cannot be applied for such very old patients

managed on the ward.
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Conclusions
This cohort study outlines our experience of NIV as a

frequently used ventilatory support in very old patients

admitted to the ICU. Importantly, very old patients have

similar hospital survival rates compared to younger

patients when NIV is applied in validated indications

(CPE-AOC respiratory failure and prevention of ARF

during the postextubation period), with an acceptable

long-term outcome. The use of NIV in a palliative con-

text needs to be further addressed regarding its effects

on comfort and outcome, and the outcome after endo-

tracheal intubation in case of NIV failure is particularly

poor in this population of patients.

Abbreviations

ADL: activities of daily living; AOC: acute on chronic; ARF: acute respiratory

failure; CPE: cardiogenic pulmonary edema; DNI: do not intubate; ICU:

intensive care unit; NIV: noninvasive ventilation; RCT: randomized controlled

trial.

Acknowledgements

The authors thank Caroline Lebec and Sandra Crassus, the two nurses who

participated in telephone interviews.

Author details
1AP-HP, Groupe Hospitalier Albert Chenevier-Henri Mondor, Réanimation

Médicale, Créteil, France 2INSERM, U955, Faculté de Médecine, Créteil, France
3AP-HP, Groupe Hospitalier Albert Chenevier-Henri Mondor, Unité de

médecine gériatrique, Créteil, France 4Université Paris Est, Faculté de

Médecine, Créteil, France 5Soins Intensifs, Hôpital Universitaire, University of

Geneva, Geneva, Switzerland

Authors’ contributions

FS contributed to the study concept and design, had access to the data,

and takes responsibility for the integrity of the data, the accuracy of the

data analysis, and the drafting of the manuscript. AF contributed to

collecting the data, the design of the study, and data analysis. LP, FRC, and

GC contributed to the study concept and design and collecting the data.

ETH, SK, EP, and AWT contributed to the study concept and design. LB

contributed to the study concept and design and the writing of the

manuscript. All authors read and approved the final manuscript.

Competing interests

F. Schortgen, A. Follin, L. Piccari, F. Roche-Campo, G. Carteaux, E. Taillandier-

Heriche, S. Krypciak, AW. Thille, and E. Paillaud declare that they have no

competing interests. L. Brochard, for the past 5 years, has received research

grants for clinical trials from the following companies: Maquet (NAVA);

Covidien (PAV+); Dräger (SmartCare); General Electric (FRC); Respironics (NIV);

Fisher paykel (Optiflow).

Received: 27 October 2011 Accepted: 21 February 2012

Published: 21 February 2012

References

1. Brochard L, Mancebo J, Wysocki M, Lofaso F, Conti G, Rauss A,

Simonneau G, Benito S, Gasparetto A, Lemaire F: Noninvasive ventilation

for acute exacerbations of chronic obstructive pulmonary disease. N Engl

J Med 1995, 333:817-822.

2. Girou E, Brun-Buisson C, Taille S, Lemaire F, Brochard L: Secular trends in

nosocomial infections and mortality associated with noninvasive

ventilation in patients with exacerbation of COPD and pulmonary

edema. JAMA 2003, 290:2985-2991.

3. Plant PK, Owen JL, Elliott MW: Early use of non-invasive ventilation for

acute exacerbations of chronic obstructive pulmonary disease on

general respiratory wards: a multicentre randomised controlled trial.

Lancet 2000, 355:1931-1935.

4. Gray A, Goodacre S, Newby DE, Masson M, Sampson F, Nicholl J:

Noninvasive ventilation in acute cardiogenic pulmonary edema. N Engl J

Med 2008, 359:142-151.

5. Hilbert G, Gruson D, Vargas F, Valentino R, Gbikpi-Benissan G, Dupon M,

Reiffers J, Cardinaud JP: Noninvasive ventilation in immunosuppressed

patients with pulmonary infiltrates, fever, and acute respiratory failure. N

Engl J Med 2001, 344:481-487.

6. Masip J, Roque M, Sanchez B, Fernandez R, Subirana M, Exposito JA:

Noninvasive ventilation in acute cardiogenic pulmonary edema:

systematic review and meta-analysis. JAMA 2005, 294:3124-3130.

7. Nava S, Gregoretti C, Fanfulla F, Squadrone E, Grassi M, Carlucci A,

Beltrame F, Navalesi P: Noninvasive ventilation to prevent respiratory

failure after extubation in high-risk patients. Crit Care Med 2005,

33:2465-2470.

8. Ferrer M, Sellares J, Valencia M, Carrillo A, Gonzalez G, Badia JR, Nicolas JM,

Torres A: Non-invasive ventilation after extubation in hypercapnic

patients with chronic respiratory disorders: randomised controlled trial.

Lancet 2009, 374:1082-1088.

9. Boumendil A, Aegerter P, Guidet B: Treatment intensity and outcome of

patients aged 80 and older in intensive care units: a multicenter

matched-cohort study. J Am Geriatr Soc 2005, 53:88-93.

10. Bagshaw SM, Webb SA, Delaney A, George C, Pilcher D, Hart GK, Bellomo R:

Very old patients admitted to intensive care in Australia and New

Zealand: a multi-centre cohort analysis. Crit Care 2009, 13:R45.

11. Boumendil A, Somme D, Garrouste-Orgeas M, Guidet B: Should elderly

patients be admitted to the intensive care unit? Intensive Care Med 2007,

33:1252-1262.

12. Roch A, Wiramus S, Pauly V, Forel JM, Guervilly C, Gainnier M, Papazian L:

Long-term outcome in medical patients aged 80 or over following

admission to an intensive care unit. Crit Care 2011, 15:R36.

13. Behrendt CE: Acute respiratory failure in the United States: incidence and

31-day survival. Chest 2000, 118:1100-1105.

14. Muir JF, Lamia B, Molano C, Cuvelier A: Respiratory failure in the elderly

patient. Semin Respir Crit Care Med 2010, 31:634-646.

15. Levy M, Tanios MA, Nelson D, Short K, Senechia A, Vespia J, Hill NS:

Outcomes of patients with do-not-intubate orders treated with

noninvasive ventilation. Crit Care Med 2004, 32:2002-2007.

16. Nava S, Grassi M, Fanfulla F, Domenighetti G, Carlucci A, Perren A,

Dell’orso D, Vitacca M, Ceriana P, Karakurt Z, Clini E: Non-invasive

ventilation in elderly patients with acute hypercapnic respiratory failure:

a randomised controlled trial. Age Ageing 2011, 40:444-450.

17. Nava S, Sturani C, Hartl S, Magni G, Ciontu M, Corrado A, Simonds A: End-

of-life decision-making in respiratory intermediate care units: a

European survey. Eur Respir J 2007, 30:156-164.

18. Schettino G, Altobelli N, Kacmarek RM: Noninvasive positive pressure

ventilation reverses acute respiratory failure in select “do-not-intubate”

patients. Crit Care Med 2005, 33:1976-1982.

19. Curtis JR, Cook DJ, Sinuff T, White DB, Hill N, Keenan SP, Benditt JO,

Kacmarek R, Kirchhoff KT, Levy MM: Noninvasive positive pressure

ventilation in critical and palliative care settings: understanding the

goals of therapy. Crit Care Med 2007, 35:932-939.

20. Benhamou D, Girault C, Faure C, Portier F, Muir JF: Nasal mask ventilation

in acute respiratory failure. Experience in elderly patients. Chest 1992,

102:912-917.

21. Benhamou D, Muir JF, Melen B: Mechanical ventilation in elderly patients.

Monaldi Arch Chest Dis 1998, 53:547-551.

22. Delerme S, Ray P: Acute respiratory failure in the elderly: diagnosis and

prognosis. Age Ageing 2008, 37:251-257.

23. Scarpazza P, Incorvaia C, di Franco G, Raschi S, Usai P, Bernareggi M,

Bonacina C, Melacini C, Vanni S, Bencini S, et al: Effect of noninvasive

mechanical ventilation in elderly patients with hypercapnic acute-on-

chronic respiratory failure and a do-not-intubate order. Int J Chron

Obstruct Pulmon Dis 2008, 3:797-801.

24. Girou E, Schortgen F, Delclaux C, Brun-Buisson C, Blot F, Lefort Y, Lemaire F,

Brochard L: Association of noninvasive ventilation with nosocomial

infections and survival in critically ill patients. JAMA 2000, 284:2361-2367.

25. Le Gall JR, Lemeshow S, Saulnier F: A new Simplified Acute Physiology

Score (SAPS II) based on a European/North American multicenter study.

JAMA 1993, 270:2957-2963.

Schortgen et al. Annals of Intensive Care 2012, 2:5

http://www.annalsofintensivecare.com/content/2/1/5

Page 8 of 9

http://www.ncbi.nlm.nih.gov/pubmed/7651472?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7651472?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14665660?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14665660?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14665660?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14665660?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10859037?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10859037?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10859037?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18614781?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11172189?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11172189?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16380593?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16380593?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16276167?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16276167?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19682735?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19682735?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15667382?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15667382?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15667382?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19335921?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19335921?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17404703?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17404703?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21261976?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21261976?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11035684?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11035684?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20941663?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20941663?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15483407?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15483407?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21345841?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21345841?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21345841?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17601972?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17601972?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17601972?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16148468?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16148468?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16148468?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17255876?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17255876?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17255876?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1516421?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1516421?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9861818?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18388161?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18388161?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19281095?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19281095?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19281095?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11066187?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11066187?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8254858?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8254858?dopt=Abstract


26. Vincent JL, Moreno R, Takala J, Willatts S, De Mendonca A, Bruining H,

Reinhart CK, Suter PM, Thijs LG: The SOFA (Sepsis-related Organ Failure

Assessment) score to describe organ dysfunction/failure. On behalf of

the Working Group on Sepsis-Related Problems of the European Society

of Intensive Care Medicine. Intensive Care Med 1996, 22:707-710.

27. Roche Campo F, Drouot X, Thille AW, Galia F, Cabello B, d’Ortho MP,

Brochard L: Poor sleep quality is associated with late noninvasive

ventilation failure in patients with acute hypercapnic respiratory failure.

Crit Care Med 2010, 38:477-485.

28. Charlson ME, Pompei P, Ales KL, MacKenzie CR: A new method of

classifying prognostic comorbidity in longitudinal studies: development

and validation. J Chronic Dis 1987, 40:373-383.

29. Stuart B: The NHO Medical Guidelines for Non-Cancer Disease and local

medical review policy: hospice access for patients with diseases other

than cancer. Hosp J 1999, 14:139-154.

30. Katz S: Assessing self-maintenance: activities of daily living, mobility, and

instrumental activities of daily living. J Am Geriatr Soc 1983, 31:721-727.

31. Esteban A, Anzueto A, Frutos F, Alia I, Brochard L, Stewart TE, Benito S,

Epstein SK, Apezteguia C, Nightingale P, et al: Characteristics and

outcomes in adult patients receiving mechanical ventilation: a 28-day

international study. JAMA 2002, 287:345-355.

32. Esteban A, Anzueto A, Frutos-Vivar F, Alia I, Ely EW, Brochard L, Stewart TE,

Apezteguia C, Tobin MJ, Nightingale P, et al: Outcome of older patients

receiving mechanical ventilation. Intensive Care Med 2004, 30:639-646.

33. Lerolle N, Trinquart L, Bornstain C, Tadie JM, Imbert A, Diehl JL, Fagon JY,

Guerot E: Increased intensity of treatment and decreased mortality in

elderly patients in an intensive care unit over a decade. Crit Care Med

2010, 38:59-64.

34. Garrouste-Orgeas M, Boumendil A, Pateron D, Aergerter P, Somme D,

Simon T, Guidet B: Selection of intensive care unit admission criteria for

patients aged 80 years and over and compliance of emergency and

intensive care unit physicians with the selected criteria: An

observational, multicenter, prospective study. Crit Care Med 2009,

37:2919-2928.

35. Antonelli M, Conti G, Moro ML, Esquinas A, Gonzalez-Diaz G, Confalonieri M,

Pelaia P, Principi T, Gregoretti C, Beltrame F, et al: Predictors of failure of

noninvasive positive pressure ventilation in patients with acute

hypoxemic respiratory failure: a multi-center study. Intensive Care Med

2001, 27:1718-1728.

36. Montuclard L, Garrouste-Orgeas M, Timsit JF, Misset B, De Jonghe B,

Carlet J: Outcome, functional autonomy, and quality of life of elderly

patients with a long-term intensive care unit stay. Crit Care Med 2000,

28:3389-3395.

37. Somme D, Maillet JM, Gisselbrecht M, Novara A, Ract C, Fagon JY: Critically

ill old and the oldest-old patients in intensive care: short- and long-term

outcomes. Intensive Care Med 2003, 29:2137-2143.

38. Boumendil A, Maury E, Reinhard I, Luquel L, Offenstadt G, Guidet B:

Prognosis of patients aged 80 years and over admitted in medical

intensive care unit. Intensive Care Med 2004, 30:647-654.

39. de Rooij SE, Govers AC, Korevaar JC, Giesbers AW, Levi M, de Jonge E:

Cognitive, functional, and quality-of-life outcomes of patients aged 80

and older who survived at least 1 year after planned or unplanned

surgery or medical intensive care treatment. J Am Geriatr Soc 2008,

56:816-822.

40. Demoule A, Girou E, Richard JC, Taille S, Brochard L: Benefits and risks of

success or failure of noninvasive ventilation. Intensive Care Med 2006,

32:1756-1765.

41. Fernandez R, Baigorri F, Artigas A: Noninvasive ventilation in patients with

“do-not-intubate” orders: medium-term efficacy depends critically on

patient selection. Intensive Care Med 2007, 33:350-354.

42. Kacmarek RM: Should noninvasive ventilation be used with the do-not-

intubate patient? Respir Care 2009, 54:223-229.

43. Azoulay E, Demoule A, Jaber S, Kouatchet A, Meert AP, Papazian L,

Brochard L: Palliative noninvasive ventilation in patients with acute

respiratory failure. Intensive Care Med 2011, 37:1250-1257.

doi:10.1186/2110-5820-2-5
Cite this article as: Schortgen et al.: Results of noninvasive ventilation in
very old patients. Annals of Intensive Care 2012 2:5.

Submit your manuscript to a 
journal and benefi t from:

7 Convenient online submission

7 Rigorous peer review

7 Immediate publication on acceptance

7 Open access: articles freely available online

7 High visibility within the fi eld

7 Retaining the copyright to your article

    Submit your next manuscript at 7 springeropen.com

Schortgen et al. Annals of Intensive Care 2012, 2:5

http://www.annalsofintensivecare.com/content/2/1/5

Page 9 of 9

http://www.ncbi.nlm.nih.gov/pubmed/8844239?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8844239?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8844239?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8844239?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19789439?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19789439?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3558716?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3558716?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3558716?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10839007?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10839007?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10839007?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6418786?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6418786?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11790214?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11790214?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11790214?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14991097?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14991097?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19633539?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19633539?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19866508?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19866508?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19866508?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19866508?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11810114?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11810114?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11810114?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11057791?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11057791?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14614546?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14614546?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14614546?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14985964?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14985964?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18384589?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18384589?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18384589?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17019559?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17019559?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17093982?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17093982?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17093982?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19173754?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19173754?dopt=Abstract
http://www.springeropen.com/
http://www.springeropen.com/

	Abstract
	Background
	Methods
	Results
	Conclusions

	Introduction
	Methods
	Setting and population
	Statistical analysis

	Results
	Characteristics of very old patients
	Survival and functional status of very old patients
	Comparison of hospital outcome between very old and younger patients

	Discussion
	Conclusions
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References

