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Abstract

Background: Non-invasive ventilation (NIV] was one of the first-line ventilation supports

for hematopoietic stem-cell transplantation (HSCT) patients with acute respiratory distress
syndrome (ARDS). Successful NIV may avoid need for intubation. However, the influence NIV
failure had on patients’ outcome and its risk factors were hardly known.

Methods: In this retrospective observational study, we reported risk factors and incidence

of NIV failure in HSCT patients who were admitted to the Intensive Care Unit (ICU] with a
diagnosis of ARDS and supported with mechanical ventilation, in a 5-year period. Patient
outcomes, such as ventilator-free days, ICU-free days, and ICU mortality were also reported.
Results: Of all the 94 patients included, 70 patients were initially supported with NIV. NIV failure
occurred in 44 (63%) patients. Male sex, elevated serum galactomannan (GM] test, (1-3]-8-D-
glucan (BG) assay, or elevated serum creatinine level were risk factors for NIV failure. When
compared with the NIV success group, failure of NIV was associated with much fewer ICU-free
days (22 versus 0, p<0.001, Cohen’s d=0.62) and higher ICU mortality (9.5% versus 75.5%,
p<0.001, Pearson’s r=0.75). There was no difference in ICU-free days, ventilator-free days and
ICU mortality between NIV failure and initial invasive mechanical ventilation (IMV) groups. Patients
who failed in NIV support had a higher ICU mortality (75.5%) than those who succeeded (9.5%).
Conclusion: In a small cohort of HSCT patients with mainly moderate severity of ARDS, male
patients with elevated serum GM/BG test or serum creatinine level had a higher risk of NIV
failure. Both NIV failure and initial IMV groups were characterized by high mortality rate and
extremely low ICU-free days and ventilator-free days; failure of NIV support may further

aggravate patient prognosis.

The reviews of this paper are available via the supplemental material section.
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Introduction

Hematopoietic stem-cell transplantation (HSCT)
provides best cure for many hematological dis-
eases. Pulmonary complications of infectious or
non-infectious origin are common and often
lethal among HSCT patients. Lucena and col-
leagues reported that in a prospective cohort of

169 HSCT patients, 32% of 1-year mortality is
due to pulmonary complications.! Characterized
by acute onset and bilateral lung infiltrates, acute
respiratory distress syndrome (ARDS) is one type
of pulmonary complication with various causes.
Cortegiani and colleagues? reported that the lead-
ing cause of ARDS in immunocompromised
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patients are infections. While in allo-HSCT
patients, ARDS has an incidence of about 15%,
with an intensive care unit (ICU) mortality of
nearly 50%.3

HSCT patients with ARDS are in a hypoxemic
state which requires mechanical ventilation sup-
port. However, the best ventilation strategy for this
specified group of patients is yet to be decided. In
the 2017 European Respiratory Society/American
Thoracic Society guideline of non-invasive ventila-
tion (NIV) for acute respiratory failure,* NIV was
recommended as an early support method in
immunocompromised patients. Different stud-
ies>7 have also evaluated the effect of NIV in
hematological patients with respiratory failure, but
all studies involved both HSCT and non-HSCT
patients. Previous studies’® of immunocompro-
mised ARDS patients have shown that NIV can
reduce the rate of intubation and mortality when
compared with standard oxygen therapy in some
studies; however, recent research!%!! failed to con-
firm these findings. Also, there is more NIV failure
in immunocompromised patients than nonimmu-
nocompromised ones,?2 and for hematological
patients, NIV failure is associated with worse out-
come when compared with invasive mechanical
ventilation (IMV).!2 For HSCT patients, no spe-
cific studies are available yet.

The aim of this study is to determine risk factors
for NIV failure in HSCT patients with ARDS and
describe the prognosis for these patients.

Methods

The Research and Ethics Committee of Peking
University People’s Hospital approved this non-
interventional retrospective study on 6 July 2019
(approval number: HI9REA-017).

Patients

All data of consecutive patients admitted to
Peking University People’s Hospital between
January 2014 and December 2018 from our
research database were reviewed. JS did the
record review and data collection, and YH
checked the accuracy of data collection. The
inclusion criteria were as follows:

(1) adult patient (age=18years) who had
received HSCT;
(2) diagnosed with ARDS.

The exclusion criteria were:

(1) age<18years;

(2) using NIV as palliative support;

(3) patients having a decision that precluded
intubation.

ARDS was diagnosed according to the Berlin defi-
nition.!3 Choice of therapy with NIV or intubation
and IMV was at the discretion of the clinicians. In
our ICU, the NIV is performed with a Philips V60
ventilator (Philips Respironics, Pittsburgh, PA,
USA) with a full-face mask, and IMV with Driger
Infiniti v500 ventilator (Driager Medical, Liibeck,
Germany). The inspiratory pressure or target tidal
volume, positive-end expiratory pressure (at least
5cm H,O) and inhaled oxygen concentration
were modified to maintain oxygen satura-
tion = 90%, a tidal volume 6-10ml/kg of ideal
body weight and respiratory rate < 30 breath/
min. Ventilator settings were adjusted based on
continuous monitoring of oxygen saturation, res-
piratory rate, and arterial blood gas.

NIV failure was defined as loss of consciousness or
inability to maintain airway patency, or failure to
maintain oxygen saturation = 90% at fraction of
inspired oxygen (FiO,) of 100%, or respiratory
rate = 40 breath/min for 1h. Intubation and IMV
were initiated when NIV failure occurred. The crite-
ria were made based on previous studies'4 16 and our
department’s protocol during the study period. If
oxygen saturation cannot be sustained, clinicians
will increase the FiO, stepwise and closely monitor
the status of the patient to ensure timely intubation.
Similarly, sustained elevation of respiratory rate was
used instead of arterial partial pressure of carbon
dioxide (PCO,) for prompt intervention without
need of waiting for the arterial blood gas (ABQG) test.

Data collection

In our database, the following data were recorded
or evaluated at ICU admission: (a) demographi-
cal characteristics of patients, including sex, age,
body mass index; (b) characteristics of HSCT:
diagnosis of primary disease, post-transplantation
days (days between HSCT and ARDS), donor
relation, source of stem cells, allogenic type, acute
graft versus host disease (GVHD) at the time of
admission; (c) patient status: Acute Physiology
and Chronic Health Evaluation II (APACHE II)
score, Sequential Organ Failure Assessment
(SOFA) score, ABG (evaluated both on
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admission and after 4hours’ NIV support) and
partial pressure of oxygen (PO,)/FiO, (P/F Ratio)
derived from it, total blood count, blood bio-
chemical examinations; (d) blood biomarkers of
infection: C-reactive protein (CRP), procalci-
tonin (PCT), galactomannan (GM) test, (1-3)-4-
D-glucan (BQG) assay.

Other data were recorded on the day of discharge
or death: (a) dosage of corticosteroid per day;
(b) NIV failure rate and associated risk factors;
(c) ICU mortality and associated risk factors;
and (d) ICU-free and ventilator-free days.
Definitions of ICU-free and ventilator-free days
are in Appendix 1. In addition, survival time was
recorded separately 1year after admission.

Statistical analysis

The primary objective of our study was to exam-
ine the risk factors of NIV failure in this HSCT
cohort and describe patient outcome, including
ICU mortality, overall survival time, ICU-free
and ventilator-free days.

Collected data were recorded into Excel (Microsoft,
Redmond, WA, USA) files, while in data analyzing,
data files were transcribed into SPSS (version 25,
SPSS Inc., Chicago, IL, USA) formatted records
and processed. Normal, distributed, continuous
variables were expressed as mean = standard devia-
tion, non-normal, distributed, continuous variables
were expressed as median (25-75%). Categorical
variables were described as absolute value and per-
centage. Test of normal distribution was achieved

HSCT patients with ARDS
N=109
Enrolled
N=94

using the Kolmogorov—Smirnov test, and homoge-
neity of variance using Levene’s test. Comparison of
continuous variables among three groups was
achieved using the analysis of variance test or the
Kruskal-Wallis test, as appropriate. Comparison of
two groups of continuous variables was achieved
using the Mann—Whitney U test. Comparison of
categorical variables was performed using the x? test
or Fisher’s exact test, as appropriate. Effect sizes of
the associations between NIV failure and patient
outcomes were reported with Cohen’s d or Pearson’s
r, as appropriate. The univariate and multivariate
logistic models were used to investigate the effect of
demographical and HSCT characteristics, labora-
tory tests and ICU treatment on NIV failure and
ICU mortality. Based on results of previous studies,
variables that may be associated with NIV failure
and ICU mortality were tested using univariate
analysis; only variables with a p value<0.1 entered
the multivariate logistic regression model. A Cox
regression curve was constructed to depict the sur-
vival rate of patients with a different course of venti-
lation support, with risk factors of mortality analyzed
simultaneously. All tests were two sided and »p<<0.05
was considered statistically significant.

Results

Patients

During the study period, 407 hematology patients
were admitted to our ICU, including 109 patients
that met our inclusion criteria. However, data of
survival time were missing in 15 patients, then 94
patients were included for the final analysis.

Excluded

N=

e

Initial IMV Initial NIV
N=24 N=70
_— ~ e N
Survivors Non-survivors E
‘ N=4 N=20 ‘ ) ~ E
rd =
s N
NIV success NIV failure
N=26 N=44
T . e
Survivors Non-survivors Survivors Non-survivors
N=24 N=2

N=7 N=37

Figure 1. Course of therapy and survival condition for enrolled patients.
ARDS, acute respiratory distress syndrome; HSCT, hematopoietic stem-cell transplantation; IMV, invasive mechanical

ventilation; NIV, non-invasive ventilation.
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Figure 1 describes the course of therapy and
survival conditions for all included patients.
Among these ARDS patients, 70 patients have
received NIV as IMV support, and another 24
patients started with IMV (referred to as initial
IMYV hereafter). NIV failure occurred in 44 (63%)
patients with initial NIV, another 26 (37%)
patients succeeded with an NIV course, avoiding
intubation (these two groups will be referred as
NIV success and NIV failure, hereafter). The
baseline characteristics of included patients are
reported in Table 1. The characteristics were sim-
ilar between the groups, except for sex ratio
(between NIV success and NIV failure groups)
and SOFA score (higher in the initial IMV group
than in the other two groups).

Onset time and characteristics of NIV failure

The onset time of NIV failure is depicted in
Figure 2, most (65.9%) of the NIV failure
occurred within 5-10days of NIV support initia-
tion, even though the onset time of NIV failure
ranged from O to 42days. Characteristics of the
NIV failure were divided into three subtypes: (a)
acute loss of consciousness (Glasgow Coma Scale
score < 8); (b) conscious patients with oxygena-
tion failure (PO, in ABG <60mmHg); (c) con-
scious patients with worsening hypercapnia
(PCO, in ABG>50mmHg). As depicted in
Figure 3, at the time of NIV failure onset, 87% of
NIV patients had oxygenation failure, 11% had
worsening hypercapnia, and only 2% of NIV
patients had acute loss of consciousness. In the
NIV failure group, 41% (18/44) of patients had
an improvement of P/F ratio of at least 100 mmHg
after 4hours’ NIV support.

Risk factors of NIV failure

Based on previous studies, factors that may be
associated with NIV failure were analyzed with
univariate analysis, including creatinine, serum
BG/GM assay, sex, mean steroid dosage per day,
blood neutrophil/lymphocyte count, SOFA score,
mean arterial pressure, pH value in ABG, PO,/
FiO, before NIV support. Only four factors with a
p value<0.1 entered the multivariate logistic
regression model, as described in Table 2. The fac-
tors that remained in the model after processing
included high serum BG assay [>50pg/ml, odds
ratio (OR) 4.06, 95% confidence interval (CI)
1.13-17.05, p=0.043], high serum GM assay
(>0.2pg/ml, OR 4.15, 95% CI 1.18-15.85,

p»=0.038), high blood creatinine level (>95umol/l,
OR 8.09, 95% CI 1.90-34.39, p=0.005), and
male sex (OR5.95,95% CI1.58-22.37,p=0.008).

Patient outcomes

Patient outcomes are reported in Table 3. When
compared with NIV success group, failure of NIV
was associated with extremely low ICU-free days
(22 versus 0, p<<0.001) and higher ICU mortality
(9.5% wversus 75.5%, p<<0.001). The effect size of
the association between NIV failure and ICU-free
days was calculated with Cohen’s d, which was
0.62. The effect size of the association between NIV
failure and ICU mortality was calculated with
Pearson’s r, which was 0.75, while there was no dif-
ference of ICU-free days, ventilator-free days, and
ICU mortality between NIV failure and initial IMV
groups. In Table 4, aforementioned outcomes in
different subgroups of risk factors of NIV failure are
provided; patients with elevated serum GM assay
had higher ICU mortality (79.5% wversus 50.9%,
$»=0.005) and lower ICU-free days (0 wersus 0,
$»=0.006). Although mean and 25th—75th values
were the same between two groups, there were sig-
nificant (asymptotic significance for two sides:
0.006) differences between two groups by Mann—
Whitney U test. The finding was that more patients
with a normal GM test had more ICU-free days
than patients in the other group. In addition, patient
with male sex had higher ICU mortality than
females (80% wversus 43.2%, p=0.008).

Risk factors for ICU mortality are reported in
Table 5. After multivariate analysis, there were
three factors remaining in the model: longer time
from ARDS onset to intubation (>7days, OR
3.70, 95% CI 1.182-11.582, p»=0.025), high
serum GM assay (>0.2pg/ml, OR 3.62, 95% CI
1.171-11.198, p=0.025), while female sex was
associated with lower ICU mortality (OR 0.26,
95% CI 0.087-0.777, p=0.16).

Figure 4 depicts the survival curve of patients with
different ventilation supports using Cox regression
analysis, adjusted for underlying differences
between groups (sex and admission SOFA score)
and possible risk factors of ICU mortality (time to
intubation, serum GM assay, creatinine). Log-
rank test showed that when compared with the
NIV success group, survival rate was significantly
lower in the NIV failure (p<<0.001) and initial
IMV groups (p<0.001), while between the latter
two groups, there was no difference (p=0.395).
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Table 1. Baseline characteristics of enrolled patients.

Initial NIV Initial IMV p
Success Failed n=24
n=26 (37%) n=44 (63%)
Age (years) 39 (26.5-55) 41 (29.5-54) 33 (26.3-48) 0.365
Sex .001
Female (%) 21 (81%) 18 (40.8%)2 7 (29.2%])a
Male (%) 5 (19%) 26 (59.2%)2 17 (70.8%)2
Admission BMI (+ SD) 19.9+3.0 21.2+£38 20828 0.338
Admission SOFA score 5 (4-7)b 6 (4=T7)P 7 (6-10) 0.007
APACHE Il score 18 (14-22) 18 (15-20.5) 18 (16-20.75) 0.773
Post-transplant days (range) 185 (64.5-346) 174 (76.5-259.5) 169 (65.3-364) 0.951
HLA matching 0.198
Matched (%) 7 (28.6%) 21 (46.9%) 7 (29.2%)
Mismatched (%) 19 (71.4%) 23 (53.1%) 17 (70.8%)
Source of transplant 0.494
Bone marrow and peripheral (%) 21 (81%) 38 (85.7%) 18 (75%)
Bone marrow or peripheral alone (%) 5 (19%) 6 (14.3%]) 6 (25%)
Acute GVHD 0.175
Affected (%) 4 (14.3%) 10 (22.4%) 9 (37.5%])
Not affected (%) 22 (85.7%) 34 (77.6%) 15 (62.5%)
Disease remission 0.811
Complete remission (%) 25 (96%) 39 (87.8%) 22 (91.7%)
No remission or partial remission (%) 1 (4%) 5(12.2%) 2 (8.3%)
Relapse 0.980
Affected (%) 1 (4.8%) 4(8.2%) 1 (4.2%)
Not affected (%) 25 (95.2%) 40 (91.8%) 23 (95.8%)
Type of malignancy 0.590
Acute myelogenous leukemia 12 (47.6%) 19 (42.9%) 10 (41.7%)
Acute lymphocytic leukemia 6 (23.8%) 14 (32.7%) 11 (45.8%)
Chronic myelocytic leukemia 4 (14%) 1(2%) 0 (0%)
Myelodysplastic syndrome 3(9.6%) 5(12.2%) 2 (8.3%)
(Continued]
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Table 1. (Continued)

Initial NIV Initial IMV p
Success Failed n=24
n=26(37%) n=44(63%)
Lymphoma 1 (4%) 2 (6.1%) 0 (0%)
Multiple myeloma 0 (0%) 2 (4.1%) 0 (0%)
Other hematological malignancies 0 (0%) 1 (2%) 1(4.2%)
Admission BNP level, pg/ml 187.0 (33.9-218.5) 197.1 (66.0-393.4) 189.0 (73.2-272.3)  0.063
Admission P0O,/Fi0,, mmHg 146 (114.1-204.3) 153 (103.4-228) 111 (83.5-161.3)  0.096
PO,/Fi0, after 4 h of initial ventilation, mm Hg 280 (164-377.5) 231 (184.7-293.3) 246 (178-345.3) 0.571
Admission PCO,, mmHg 36.1(33.1-39.1) 35.4(31.9-38.9) 39.0 (33.1-44.8)  0.465
PCO, after 4 h of initial ventilation, mmHg 33.8 (32.0-35.5) 35.0 (32.3-37.7) 34.4(30.7-38.2) 0.851
Admission ARDS severity (%) 0.126
Mild 1 (4.8%) 0 (0%) 0 (0%)
Moderate 20 (76.2%) 34 (77.6%) 14 (58.3%)
Severe 5(19%) 10 (22.4%) 10 (41.7%)

Values are given as number (%), mean (= SD) or as median (25th to 75th percentiles), as appropriate.

aSignificant when compared with the NIV success group.

bSignificant when compared with the initial IMV group.

APACHE Il, Acute Physiology and Chronic Health Evaluation II; ARDS, acute respiratory distress syndrome; BMI, body mass index; BNP, brain
natriuretic peptide; FiO,, fraction of inhaled oxygen; GVHD, graft versus host disease; HLA, human leukocyte antigen; IMV, invasive mechanical
ventilation; NIV, non-invasive ventilation; PO,, partial pressure of oxygen; PCO,, partial pressure of carbon dioxide; SD, standard deviation; SOFA,
Sequential Organ Failure Assessment.

| 4045
i 3540
| 2530
| 2025 Y
S = TN
N 1015 NN
N 510 N

2

I
15 10

Survivors Non-Survivors

Figure 2. Time (days] to intubation since NIV initiated.
NIV, non-invasive ventilation.
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Acute Loss of Consciousness
[5] Oxygenation Failure
@ Worsening Hypercapnia

Figure 3. Characteristics of NIV failure.
NIV, non-invasive ventilation.

Table 2. Risk factors of failed NIV.

Discussion

To our knowledge, this is the first study focusing
on failure of NIV in HSCT patients with ARDS.
A sum of 37% patients in our study avoided intu-
bation through the support of NIV, while 63% of
NIV-supported HSCT patients failed the initial
therapy, requiring intubation and IMV. In a previ-
ous study by Molina and colleagues,!” hemato-
logical patients with ARDS had a high failure rate
(60.3%) of NIV. In their cohort, only 23.7%
(71/300) were HSCT patients, while patients
included in our study were all after HSCT. In a
previous study of various populations,!5:16:18 rate
of NIV failure varied from 37% to 54%. It is clear
that HSCT patients have a higher rate of NIV
failure after ARDS.

Variable Univariate analysis Multivariate analysis
OR 95% ClI ] OR 95% ClI ]

Creatinine

<95umol/l 1 1

>95umol/l 5.29 1.73-16.12 0.003  8.09 1.90-34.39 0.005
Serum BG assay

<50pg/ml 1 1

>50pg/ml el 1.12-9.88 0.030  4.06 1.13-17.05 0.043
Serum GM assay

<0.2pg/ml 1 1

>0.2 pg/ml 3.65 1.23-10.83 0.020  4.15 1.18-15.85 0.038
Sex

Female 1

Male 7.35 2.32-23.27 0.001 8.9 1.58-22.37 0.008
Mean steroid dosage per day

<100mg 1

>100mg 2.96 1.06-8.25 0.038
Blood neutrophil count

>2 %109/ 1

<2 % 1091 2.57 0.74-8.87 0.136

(Continued]
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Table 2. (Continued)

Variable

Univariate analysis

Multivariate analysis

OR

95% ClI

95% Cl p

Blood lymphocyte count
>0.8 X 10%/1
<0.8 x107/1

SOFA score
<2
>2

MAP
=65mmHg
<65mmHg

pH value
<7.45
>7.45

PO,/Fi0, before NIV
=200
<200

0.98

3.58

0.7

0.69

1
0.65

0.330-2.926

0.309-41.62

0.171-2.902

0.255-1.837

0.223-1.865

0.982

0.308

0.628

0.452

0.418

BG, (1-3)-B-D-glucan; Cl, confidence interval; Fi0,, fraction of inhaled oxygen; GM, galactomannan; MAP, mean arterial
pressure; NIV, non-invasive ventilation; OR, odds ratio; PO,, partial pressure of oxygen; SOFA, Sequential Organ Failure

Assessment.

Table 3. Outcomes of patients with initial NIV or IMV.

Initial NIV p
Success Failed
Ventilator-free days N/A 0 (0-0) 0.398
ICU-free days 22 (13-23) 0 (0-0)ab <0.001
ICU mortality 2 (9.5%) 37 (75.5%)ac <0.001

Values are given as median (25th to 75th percentiles] or number (%).
aSignificant when compared with NIV success group.

bCohen’s d=0.62.
¢Pearson’s r=0.75.

ICU, intensive care unit; IMV, invasive mechanical ventilation; N/A, not applicable; NIV, non-invasive ventilation.
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Onset time and characteristics of NIV failure
Previous studies®19:20 reported that most inci-
dents of NIV failure happened in the first 48h
following support initiation, while in our study, a
large proportion (63%, Figure 2) of NIV failure
occurred within 10days of NIV therapy. In our
cohort, most cases (83%) of NIV failure onset were
characterized by oxygenation failure (Figure 3). For
patients who failed NIV, 49.4% of them had an
elevated P/F ratio of at least 100 mmHg after 4h
of NIV therapy. Thus, HSCT patients with
ARDS often have only impaired oxygenation
function and have a rather wide range of NIV
failure onset time than other groups; early
improvement of oxygenation cannot preclude
late failure incidence, which suggests that identi-
fying risk factors of NIV failure is critical for
prognostic estimation.

Risk factors of NIV failure

High level of serum G/GM assay (>50 pg/ml for
G assay and >0.2pg/ml for GM assay) was a
leading factor of NIV failure in this study. G
assay, and especially GM assay, are sensitive
biomarkers for fungal infections, which can
effectively predict invasive fungal disease in
HSCT patients.?1-23 Invasive fungal infections,
including fungal pneumonia, occurs frequently
and is associated with high mortality in the
HSCT population?* despite preventive antifun-
gal therapy, and often requires mechanical ven-
tilation support.?526 A multinational cohort
study by Azoulay and colleagues reported that
immunocompromised patients with pulmonary
fungal infections had high risk of intubation and
IMV.27 Also, as depicted in Tables 4 and 5, a
serum GM assay higher than 0.2 pg/ml was asso-
ciated with elevated ICU mortality and very few
ICU-free days for both NIV and initial IMV
patients. Therefore, HSCT patients with fungal
infection were at high risk of NIV failure, and
their prognoses were poor.

In addition, the multivariate regression indicated
that an increased creatinine level (>95umol/l)
was associated with NIV failure, which is in
accordance with previous studies.”28 Renal failure
and multiple organ failure are risk factors for ICU
mortality in HSCT patients,?%30 and also a relative
contraindication of NIV.3! However, in our study
cohort, there was no significant difference of
admission SOFA score, as an indicator of multiple
organ failure, between NIV success and NIV

Table 4. Outcomes of patients influenced by risk factors of NIV failure.

Sex

Serum GM assay

Serum BG assay

Creatinine

<95umol/l

P

Female Male

p

<0.2pg/ml  >0.2pg/ml

p

<50pg/ml >50pg/ml

p

>95umol/L

0.774

0(0-0)

0(0-0)

0 (0-0) 0.084

0 (0-0)

0 (0-0]) 0.398

0 (0-0)

0 (0-0) 0.449

0 (0-0)

Ventilator-

free days?

0.835

0 (0-0)
40 (80%])

0.006 0 (0-0)
0.005 19 (43.2%)

0(0-0)

0(0-0)
28 (50.9%)

0 (0-0) 0 (0-0) 0.193
0.071

0.168
0.333

0 (0-0) 0 (0-0)
45 (66.2%)

14 (53.9%)

ICU-free days

0.008

31(79.5%)

28 (73.7%)

31 (55.4%)

ICU mortality

Values are given as median (25th to 75th percentiles] or number (%).

20nly applicable for patients with NIV failure and initial IMV.

BG, (1-3)-B-D-glucan; GM, galactomannan; ICU, intensive care unit; IMV, invasive mechanical ventilation; NIV, non-invasive ventilation.
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Table 5. Risk factors of ICU mortality.

Variable Univariate analysis Multivariate analysis
OR 95% CI p OR 95% CI p

Sex

Male 1 1

Female 0.26 0.093-0.701 0.008 0.26 0.087-0.777 0.16
Time to intubation

<7days 1 1

>7days 3.03 1.091-8.397 0.033 3.70 1.182-11.582 0.025
Serum GM assay

<0.2pg/ml 1 1

>0.2pg/ml 3.35 1.208-9.316 0.02 3.62 1.171-11.198 0.025
Serum BG assay

<50pg/ml 1

>50pg/ml 1.80 0.675-4.803 0.24
Creatinine

<95umol/l 1

>95umol/l 2.45 0.847-7.073 0.10
Mean steroid dosage per day

<100mg 1

>100mg 2.12 0.805-5.586 0.13
Blood neutrophil count

>2 X 10%/L 1

<2 %1091 1.85 0.604-5.680 0.281
Blood lymphocyte count

>0.8 X 10%/1 1

<0.8x 10%/1 1.59 0.550-4.578 0.393

aTime from ARDS onset to intubation, for initial IMV patients, the value was 0.
ARDS, acute respiratory distress syndrome; BG, (1-3)-B-D-glucan; Cl, confidence interval; GM, galactomannan; ICU,
intensive care unit; IMV, invasive mechanical ventilation; NIV, non-invasive ventilation; OR, odds ratio.

failure groups. It is possible that the severity of
organ failure may be aggravated over time, as
reported in other studies,?’ but related data were
not available in the present research. In order to

prevent NIV failure, it is reasonable to evaluate
organ functions regularly in this population. In
our study, male sex was also identified as a risk
factor of NIV failure, which has been reported in
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Figure 4. Cox regression curves for the probability of survival among patients having NIV success, NIV failure
and initial NIV groups after adjusting for baseline differences and risk factors of ICU mortality.

Difference between the NIV success and NIV failure groups was

significant (p <0.001, using the log-rank test); between the

NIV success and initial IMV group, the difference is also significant (p <0.001, using the log-rank test). When comparing the
NIV failure with initial IMV group, there was no significant difference (p=0.395, using the log-rank test].
ICU, intensive care unit; IMV, invasive mechanical ventilation; NIV, non-invasive ventilation.

other studies.!%32 Some researchers!? have conjec-
tured that this may be caused by higher cardiovas-
cular risks in males, which could not be tested
with the data we had.

The severity of ARDS has been reported as a
strong risk factor for NIV failure in several
studies,”>1%:17:18 which focused on hematological
and other types of patients. Nevertheless, this
correlation did not exist in the current study. It
can be explained by the composition of our
cohort; patients with initial NIV were mainly in
the moderate-to-severe class of ARDS, and
there was only one patient with mild severity,
which makes comparison based on severity
ineffective.

Outcome of included patients

In this study cohort, patients with NIV failure had
a significantly higher rate of ICU mortality when
compared with the NIV success group (Table 3).
Through multivariate analysis, one risk factor of
ICU mortality discovered by logistic regression was
the elevated serum GM assay level (>0.2pg/ml).
As reported in a previous study,2* GM had a high
specificity for invasive aspergillosis, which was
one of the leading causes of mortality and poor
prognosis in HSCT patients. No difference of
survival was found between NIV failure

and initial IMV groups, as depicted by the Cox
regression-derived survival curve (Figure 4) that
adjusted for possible risk factors of ICU mortal-
ity. Moreover, patients in both groups had
extremely low ventilator-free days and ICU-free
days (Table 3).

Another risk factor was longer time (>7 days)
elapsed from ARDS onset to intubation. This
could be explained by insufficient ventilation
support provided by NIV and the delay of more
effective IMV therapy. As mentioned previ-
ously, patients with initial IMV support were in
a more severe condition than those with NIV,
similarly poor outcomes in NIV failure and ini-
tial IMV groups indicate that the failure of NIV
support may further aggravate patient progno-
sis, or, as supported by previous studies,33:3¢
NIV may not be appropriate for all ARDS
patients. Recent studies?2?? on immunocom-
promised patients also showed no advantage of
NIV as first-line therapy for ARDS, in terms of
lowering mortality and intubation rate. This
phenomenon also prompts making more
rational criteria for NIV support and develop-
ing proper methods to discriminate patients
with risk of NIV failure, to improve patient
outcomes in this particular population.
However, no recommendations can be made,
based on our descriptive study. Research with
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more rigorous methodologies are needed to
further evaluate the role of NIV in HSCT
patients.

Limitations

Our study had several limitations. First, as a
result of the single center and retrospective
nature, we cannot rule out possible confound-
ing factors for patients’ prognosis and NIV fail-
ure. Also, our unit is experienced in NIV
support for HSCT patients; these experiences
may not be applicable to other centers with less
experience of mechanical ventilation in hema-
tological patients. Second, the small dataset
may impede the analysis of possible risk factors
in this population, and, as mentioned previ-
ously, this study was unable to evaluate evolu-
tion of disease severity overtime (e.g. SOFA
score, infection biomarkers, etc.), as aggrava-
tion of disease severity may be related to NIV
failure and higher mortality.”-3> However, this is
the first study focused on NIV failure in HSCT
patients with ARDS. Our findings that failed
NIV was associated with a worse outcome
should prompt more methodologically rigorous
studies on this topic.

Conclusion

In a small cohort of HSCT patients with mainly
moderate severity of ARDS, NIV failure had a
high incidence and was associated with
increased mortality. Patients with male sex,
elevated serum GM/BG test or serum creati-
nine level had a higher risk of NIV failure. Both
NIV failure and initial IMV groups were char-
acterized by a high mortality rate and very few
ICU-free and ventilator-free days; failure of
NIV support may further aggravate patient
prognosis.
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