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NONINVASIVE VENTILATION IN IMMUNOSUPPRESSED PATIENTS WITH
PULMONARY INFILTRATES, FEVER, AND ACUTE RESPIRATORY FAILURE

GILLES HILBERT, M.D., DipiEr GRusoN, M.D., FReperic VARGas, M.D., Rubby VALENTINO, M.D.,
GEORGES GBIKPI-BENISSAN, M.D., MicHEL Dupon, M.D., Josy ReIFFers, M.D., AND JEAN P. CARDINAUD, M.D.

ABSTRACT

Background Avoiding intubation is a major goal
in the management of respiratory failure, particularly
in immunosuppressed patients. Nevertheless, there
are only limited data on the efficacy of noninvasive
ventilation in these high-risk patients.

Methods We conducted a prospective, random-
ized trial of intermittent noninvasive ventilation, as
compared with standard treatment with supplemen-
tal oxygen and no ventilatory support, in 52 immu-
nosuppressed patients with pulmonary infiltrates, fe-
ver, and an early stage of hypoxemic acute respiratory

use of noninvasive ventilation at an early stage of hy-
poxemic acute respiratory failure would reduce the
need for endotracheal intubation and the incidence
of complications. In a prospective, randomized, con-
trolled study, we compared the efticacy of noninva-
sive ventilation delivered intermittently through a face
mask with that of standard medical treatment with
supplemental oxygen and no ventilatory support in
patients with immunosuppression from various caus-
es in whom hypoxemic acute respiratory failure had
been precipitated by pulmonary infiltrates and fever.

N Engl J Med. 2001;344(7):481-487.
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Figure 1. Flow of Participants Through Study

680 Patients met all study inclusion criteria

o 374 ANTUF LEIYFIT
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* Lost to follow-upZilL

e Intent-to-treatfZfTLTL VS

306 Excluded
81 Met =1 exclusion criterion?®
82 Required immediate intubation
55 Had do-not-intubate orders

(" 374 Randomized

L i

33 Declined to participate

19 Eligible but not randomized

10 OQutside randomization window
9 Previously included in the study

17 Other
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183 Randomized to receive oxygen
therapy alone
180 Received oxygen alone as
randomized
3 Did not receive oxygen alone
(received rescue noninvasive
ventilation)

191 Randomized to receive noninvasive
ventilation
191 Received noninvasive ventilation
as randomized
177 Received =1 noninvasive
ventilation session
14 Received only 1 noninvasive
ventilation session

!

!

183 Included in primary analysis

191 Included in primary analysis




Table 1. Patient Characteristics at Randomization

No. (%)

Noni i 5 <
Oxygen Alone V::tlrl:?isul:e REARAEDERIL.

Characteristic (n=183) (n=191) . Iﬂlf&ﬂﬁ%(n=238, 63.6%)
Age, median (IQR), y 64 (53-72) 61 (52-70) &0 . B8
Men 105 (57.4) < 117(61.3) ENAES
Underlying conditions 155 (84.7) 162 (84.8) . (e .
e H%I;uggu\:;% §79, 21.1%)
Hematologic malignancies 113 (61.7) < 125 (65.4)
Solid tumors 230 > 37094  ° FAIE(n=33,8.8%)
Immunosuppressive drugs 28 (15.3) 29 (15.2) o [iE33F84E(n=24, 6.4%)
For non-transplant-related reasons 17 (9.3) 16 (8.4) B gtz tE 75‘\355_'4 %,
After solid organ transplantation 11 (6.0) 13 (6.8)
Chemotherapy at admission 84/155 (54.2) 86/162 (53.1)
Chronic hematologic malignancy 35/155 (22.6) 39/162 (24.1)
Allogeneic stem cell transplantation 29/155 (18.7) 26/162 (16.1)
Remission of the malignancy 19/155(12.3) 18/162(11.1)
Comorbidities®
Chronic respiratory insufficiency® 12(66) < 18(9.4)
Chronic kidney insufficiency 20 (10.9) 19 (9.9)

Chronic heart insufficiency 10 (5.5) < 16 (8.4)




No. (%)

Noninvasive
Oxygen Alone  Ventilation

Characteristic (n=183) (n=191)
Oxygen flow at ICU admission, 9 (6-15) 8 (6-15)
median (IQR), L/min
Time since respiratory symptom onset, 1(0-2) 1(0-2)
median (IQR), d
Treatment before ICU admission
Noninvasive ventilation 16(8.7) > 10(5.2)
Diuretics 47 (25.8) > 31(16.2)
Aerosolized agents 26(143) > 19(9.9)
Anti-infectious agents 138(75.4) > 123(64.4)

Respiratory parameters at randomization
during oxygen therapy, median (IQR)

Respiratory rate, /min 25 (21-30) 27 (21-31)
Oxygen saturation (Spo,), % 96 (4-98) 96 (94-98)
Oxygen flow, L/min 9 (6-15) 9 (5-15)
Pao,:Fio, ratio, mm Hg* 130 (86-205) < 156 (95-248)
SOFA score at randomization, 5(3-7) 5(3-7)

median (IQR)"



Table 2. Diagnostic Strategies and Identified Causes of Acute
Respiratory Failure

= . AHFERRLOREIE
Noninvasive 2/3DNER S E

Oxygen Alone  Ventilation

=Lt (=191) . EREFREAIKXLI7EH,
Noninvasive diagnostic tests 163 (89.1) 163 (85.3)

Bronchoscopy and bronchoalveolar lavage 78 (42.6) > 64(33.9

Causes®
Bacterial pneumonia® 83 (45.6) 87 (45.5)
Pneumocystis jirovecii pneumonia 21 (11.5) 22 (11.5)
Viral pneumonia 15 (8.2) 19 (9.9)
Lung involvement by the underlying 15(8.2) < 21(11)
disease
Drug-related pulmonary toxicity 9 (4.9) 10 (5.2)
Invasive pulmonary aspergillosis 4 (2.2) 6(3.1)
Cardiogenic pulmonary edema 2(1.) < 7 (3.6)
ARDS (extrapulmonary causes) 12 (6.6) 11 (5.6)
Diffuse intra-alveolar hemorrhage 2(1.1) 0 (0)
Other identified causes© 9 (4.9) > 2(2.1)

No identified cause 11 (6) > 6(4.2)
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Figure 51: Oxygen saturation (panel A) and respiratory rate (panel B) over

the 12 hours following randomization. Each point is the mean (and 95% CIs).
The data in the oxygen group are in blug and those in the NIV group in green.
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eFigure2. Lowest Oxygen Saturation (SpOz) (Panel A) and Highest Regpiratory Rates
(Panel B) Over the Three Days Following Randomization B
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Table 3. Primary and Secondary End Points

Oxygen Alone Noninvasive Ventilation

(n=183) (n=191) Absolute Difference (95% Cl) P Value
Primary End Point
All cause 28-d mortality, No. (%) 50 (27.3) 46 (24.1) -3.2(-12.1to 5.6) A7
Secondary End Points
Need for invasive mechanical ventilation, No. (%) 82 (44.8) 73(38.2) -6.6 (-16.6 to 3.4) .20
SOFA on day 3, median (IQR) 4 (2-6) 4(2-5) -0.5(-1.2t0 0.3) 17
ICU-acquired infection, No. (%) 46 (25.1) 48 (25.1) 0(-8.8t08.8) 99
Length of ICU stay, median (IQR), d 7 (3-16) 6 (3-16) -0.3(-3.2t0 2.6) .55
Duration of mechanical ventilation, median (IQR), d 14 (6-33) 17 (6-38) 0.3(-5.7t06.3) .70
Length of hospital stay, median (IQR), d 22 (14-42) 24 (12-43) 0.3(-5t05.5) .99
Mortality at 6 mo, No. (%) 82/181 (45.3) 72/182 (39.6) -5.7 (-16.4 to 3.9) 23
Good performance status in 6-mo survivors, No. (%)°  70/75 (93.3) 85/91 (93.4) -0.1(-7.7t07.5) .98

 Primary outcome: 2% LAEEIY FHF28BEZ D 2L T
TIEEEZELL

e Secondary outcome: LEENDIEHETTHEELL




Figure 2. Probability of Survival at Day 28
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Figure 3. Odds Ratio for 28-Day Mortality in the Early Noninvasive Ventilation Group, Compared With the Oxygen Group,
Overall and in Predefined Subgroups
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Immunosuppressive treatment or organ transplant 7/33 5/30 0.74(0.2-2.63) - — ‘
Oxygen flow at randomization® :

>0 L/min 26/77 24/84 0.78 (0.4-1.53) B e
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Figure 4. Cumulative Incidence of Intubation Throughout the 28 Days
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Post hoc analysis
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