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Risk factors for in-hospital mortality G

in recipients of allogeneic hematopoietic stem
cell transplantation with acute respiratory
distress syndrome: a retrospective study based
on the 2023 new definition of acute respiratory
distress syndrome
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Abstract

Introduction ARDS (acute respiratory distress syndrome) is the most severe form of acute hypoxic respiratory failure.
Most studies related to ARDS have excluded patients with hematologic diseases, let alone allogeneic hematopoietic
stem cell transplantation (allo-HSCT) recipients. Numerous patients experiencing severe hypoxic respiratory failure
do not meet the Berlin definition due to the limitations of diagnosis and treatment. A new definition of ARDS, remove
some diagnosis restrictions, was proposed in 2023. Based on the 2023 new definition of ARDS, we investigated

the clinical features of ARDS in allo-HSCT recipients and reported risk factors for in-hospital mortality in allo-HSCT
recipients defined by the Berlin definition and the new definition of ARDS respectively.

Methods From Jan 2016 to Dec 2020, 135 allo-HSCT recipients identified with the new definition and 87 identified
with the Berlin definition at three teaching hospitals were retrospectively included in this study. Variables (demo-
graphic information, characteristics of hematologic disease and ARDS episode, laboratory tests and SOFA score)

with P<0.05 in univariate logistic regression analysis were included in multivariate stepwise logistic regression analy-
sis. Adjusted odds ratios (ORs) and 95% confidence intervals (95% Cls) were reported.

Results Under the new definition, SOFA score (OR=1.351,95% Cl: 1.146-1.593, P<0.01) were found as an independ-
ent risk factor for in-hospital mortality in ARDS after allo-HSCT, while SpO2/FiO2 (OR=0.984, 95% Cl: 0.972-0.996,
P<0.01) was a protective factor. The infusion of peripheral-derived stem cells was found to be a protective factor
against in-hospital mortality in post-transplantation ARDS compared with the infusion of bone marrow-derived stem
cells (OR=0.726, 95% Cl: 0.164-3.221, P=0.04). Under the Berlin definition, PaO2/Fi02 (OR=0.977, 95% Cl: 0.961-0.993,

" Shigi Guo, Dan Xie and Ye Gao contributed equally to this work.

*Correspondence:

Ying Wang

yingwang1977@hotmail.com

Qiang Guo

guojiang@suda.edu.cn

Full list of author information is available at the end of the article

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

you modified the licensed material. You do not have permission under this licence to share adapted material derived from this article or
parts of it. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To
view a copy of this licence, visit http://creativecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12890-024-03195-3&domain=pdf

Guo et al. BMC Pulmonary Medicine (2024) 24:391

Page 2 of 13

independently associated with in-hospital mortality.

The New definition of ARDS

P=0.01, lactate (OR=7.337,95% Cl: 1.313-40.989, P<0.01) and AST (OR=1.165, 95% Cl: 1.072-1.265, P<0.01) were

Conclusion These prognostic risk factors we found in allo-HSCT recipients may contribute to closer monitoring
and ARDS prevention strategies. These findings require confirmation in prospective, large sample size studies.

Keywords Hematopoietic stem cell transplantation, Hematologic malignancies, Acute respiratory distress syndrome,

Introduction

Since 2000, the number of hematopoietic stem cell
transplants (HSCT) performed in China for patients
with acute leukemia and severe aplastic anemia has
increased dramatically, especially allogeneic hemat-
opoietic stem cell transplantation (allo-HSCT) [1]. With
advances in medical technology and concepts, pre- and
post-transplant care has been greatly improved, but res-
piratory failure remains a major obstacle to the overall
success of HSCT, and acute respiratory distress syn-
drome (ARDS) is the most severe form of acute hypoxic
respiratory failure [2].

However, most studies related to ARDS have excluded
patients with hematologic diseases [3, 4], although the
characteristics and management principles of ARDS
in the general population may not be applicable to this
specific population, especially allo-HSCT recipients.
In autologous hematopoietic stem cell transplantation
(auto-HSCT), immunodeficiency often improves after
successful implantation of the grafts, whereas in allo-
HSCT, the introduction of a new immune system results
in a more prolonged and complex immune disorder [5].
An epidemiological study involving 2635 HSCT recipi-
ents showed a 15.6% incidence of ARDS in allo-HSCT
recipients compared to 2.7% in auto-HSCT recipients,
with a higher incidence of ARDS in allo-HSCT [6]. Hera-
sevich et al. conducted case—control studies to report the
risk factors for the incidence of ARDS in patients with
hematologic malignancies before [7] and after HSCT
[8]. However, their team did not focus on the allo-HSCT
population and the prognostic risk factors for ARDS have
not been adequately characterized.

More importantly, previous diagnoses of ARDS were
based on the 2012 Berlin definition [9]. However, in
clinical practice, numerous patients experiencing severe
hypoxic respiratory failure do not meet the Berlin defini-
tion due to the limitations of diagnosis, such as difficul-
ties in timely arterial blood gas analysis, and treatment,
such as the use of high-flow nasal cannula oxygen
(HFNO) and failure to employ the continuous positive
airway pressure (CPAP) mode of ventilation. The 2023
New Definition of ARDS considers the aforementioned
realities and adjusts the definition and diagnosis of

ARDS. PaQ2, positive end-expiratory pressure (PEEP),
oxygen flow, or specific respiratory support equipment
are not necessary for the diagnosis of ARDS when condi-
tions are restricted [10, 11].

Thus, based on the 2023 new definition of ARDS, this
study investigated the clinical features of ARDS in allo-
HSCT recipients. In addition, Risk factors for in-hospital
mortality in allo-HSCT recipients defined by the Berlin
definition and the new definition of ARDS were explored
respectively.

Method
All protocols in this study have been approved by the
ethics committee of the Dushu Lake Hospital Affili-
ated to Soochow University and have been performed in
accordance with the ethical standards laid down in the
1964 Declaration of Helsinki and its later amendments.
(The approval number: 220202; approval date: February 8
2022; study title: Prognosis of Acute Respiratory Distress
Syndrome in Patients with Allogeneic Hematopoietic
Stem Cell Transplant).

Informed consent was obtained from all patients for
being included in the study.

Definitions
The Berlin Definition of ARDS [9]

(1) Timing: within one week of new or worsening of
existing respiratory symptoms;

(2) Chest imaging: bilateral opacities—not fully explained
by eftusions, lobar/lung collapse, or nodules.

(3) Source of pulmonary edema: respiratory failure that
cannot be explained by cardiac failure or fluid over-
load; an objective assessment is needed to rule out
hydrostatic edema in the absence of risk factors.

(4) Hypoxemia:

Mild, 200 < PaO2/FiO2 < 300 mmHg with PEEP or
CPAP > 5 cmH20;

Moderate, 100 < PaO2/FiO2 < 200 mmHg with
PEEP or CPAP > 5 cmH20;

Severe, 100 < PaO2/FiO2 < 100 mmHg with PEEP/
CPAP > 5 H20.
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The 2023 New definition of ARDS [10, 12]

(1) Timing: within one week of new or worsening of
existing respiratory symptoms;

(2) Risk factors: such as pneumonia, non-pulmonary
infections, trauma, blood transfusions, aspiration,
or shock.

(3) Pulmonary edema is not exclusively or primar-
ily attributable to cardiac failure or fluid overload.
Impairments in gas exchange are not primarily
attributable to atelectasis. If causative factors for
ARDS are present, ARDS can be diagnosed in the
presence of these conditions.

(4) Chest imaging: Bilateral opacities on chest radio-
graph and CT, or bilateral B lines and/or consolida-
tions by ultrasound Findings not fully explained by
effusions, atelectasis, or nodules/masses

(5) Criteria Applicable to Specific Categories of ARDS:

1) Nonintubated ARDS: When the HFNO is >30
L/min or the noninvasive mechanical ventilation
(NIV)/CPAP >5 ¢cmH20O end-expiratory pres-
sure, PaO2 /FiO2 < 300 mmHg or SpO2 /FiO2 <
315;

2) Intubated ARDS: Mild, 200 < PaO2 /FiO2 < 300
mmHg or 235 < SpO2 /FiO2 < 315. Moderate,
100 < PaO2 /FiO2 < 200 mmHg or 148 < SpO2 /
FiO2 < 235. Severe, PaO2 /FiO2 < 100 mmHg or
SpO2 /FiO2 < 148

3) Resource-Limited Settings: SpO2 /FiO2 < 315,
and the diagnosis of ARDS does not require
PEEP, oxygen flow, or specific respiratory support
devices.

Sepsis is defined based on the Sepsis-3 definition [13].
Assessment of organ dysfunction was carried out in
accordance with the criteria of Sequential Organ Failure
Assessment (SOFA).

Acute graft versus host disease (GVHD) was classified
according to the modified Glucksberg grading system
[14, 15] and grouped as 0-I or II-IV depending on the
treatment requirement [16].

Study population

From January 2016 to December 2020, the First Affiliated
Hospital of Soochow University, Suzhou Hongci Hema-
tological Disease Hospital, and Dushu Lake Hospital
Affiliated to Soochow University admitted 977 patients
with hematological diseases who also underwent oxygen
therapy. Two physicians from the Department of Res-
piratory and Critical Care Medicine at the First Affili-
ated Hospital of Soochow University conducted a review
of medical records for all patients. Of the patients, 351
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met the Berlin diagnostic criteria for ARDS, while 533
met the new definition of ARDS. After excluding patients
who died within 24 h of admission, those who did not
undergo allo-HSCT, those who underwent HSCT multi-
ple times, and those diagnosed with ARDS 1 year after
allo-HSCT,135 allo-HSCT recipients fulfilled the new
definition of ARDS, and 87 patients met the Berlin crite-
ria were final included. (Fig. 1).

Data collection
Clinical data for all these patients were abstained through
the electronic medical record system.

(1) Demographic information: gender, age, underlying
disease (hypertension, diabetes), length of hospitali-
zation (days).

(2) Characteristics of hematologic disease: diagnosis
of hematologic diseases, hematologic malignancy
status (remission/relapse), and types of donors
(HLA-identical sibling donors, SIB; HLA-matched
unrelated donors, MUD; haploidentical related
donors, haplo-RD). Source of stem cells (bone mar-
row/peripheral/bone marrow + peripheral), trans-
plantation characteristics (donor-recipient gender,
ABO blood type), the grade of acute GVHD, inter-
val from HSCT to ARDS (days), history of fungal
infection, leucocyte deficiency with white blood cell
(WBC) <1x109/L at the time of ARDS diagnosis.

(3) Characterization of ARDS episode: risk factors for
ARDS (pneumonia, sepsis, and shock), and oxy-
genation status (PaO2/FiO2 or SpO2/FiO2, PaCO2,
PH, lactate). The highest level of respiratory sup-
port used within 48 h of ARDS diagnosis were also
recorded.

(4) SOFA scores were recorded within 24 h of ARDS
diagnosis, as well as the laboratory tests: procalci-
tonin (PCT), C-reactive protein (CRP), albumin,
pre-albumin, alanine transaminase (ALT), aspartate
aminotransferase (AST), creatinine (Cr), hemo-
globin (Hb), WBC, platelet (PLT), Lymphocyte,
Neutrophil.

(5) Clinical outcome: the occurrence of death during
hospitalization for this ARDS episode.

Statistical analysis
We utilized SPSS version 23.0 to both manage data and
perform statistical analysis on patients who underwent
allo-HSCT and also met the new definition of ARDS. We
considered statistical significance if a two-tailed P value
was less than 0.05. No imputation was applied to missing
values.

Figures were plotted based on the new definition
and the Berlin definition, respectively. Bar graphs were
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Hematologic patients undergoing oxygen therapy
(n=977)

Diagnostic criteria:
2023 New definition of ARDS

Patients with ARDS based on
the New definition (n=533)

Exclusion criteria:

1)died within 24 hours of
addmision (n=10)

2)without allo-HSCT (n=354)
3)HSCT mutiple time (n=27)
4)diagnosed with ARDS 1 year
after HSCT (n=7)

A 4

Diagnostic criteria:
The Berlin definition

Patients with ARDS based on
i the Berlin definition (n=351) :

Exclusion criteria:

1)died within 24 hours of

addmision (n=12)

2)without allo-HSCT (n=231)

3)HSCT mutiple times (n=14)
H 4)diagnosed with ARDS 1 year
v after HSCT (n=7)

Type of respiratory
support:

Final inclusion:
7~ allo-HSCT recipients with ARDS
: based on the New definition (n=135)

Final inclusion:
allo-HSCT recipients with ARDS

2)NIV (n=31)
| 3)IMV (n=65)
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i
1HENO (n=39) .-
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1
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Non-survivors
(n=62)

Survivors
(n=73)

included in this study. Types of Respiratory Support: The highest level of respiratory support used within 48 h of ARDS diagnosis were recorded.
Abbreviations: ARDS, acute respiratory distress syndrome; allo-HSCT, allogeneic hematopoietic stem cell transplantation; HFNO, high-flow nasal
cannula oxygen; NIV, noninvasive mechanical ventilation; IMV, invasive mechanical ventilation

constructed based on the interval from HSCT to the
diagnosis of ARDS (from month 1 to month 12) in order
to illustrate the number of patients diagnosed with ARDS
at specific time points post-transplant. Furthermore, line
graphs were employed to illustrate the in-hospital mor-
tality for each bucket.

Kaplan—Meier survival curves were employed to char-
acterize patient survival 180 days following the diagnosis
of ARDS in allo-HSCT recipients with the new definition
and the Berlin definition.

The normality of continuous variables was initially eval-
uated using the Shapiro—Wilk and Kolmogorov—Smirnov
tests. If the variables were not normally distributed, they
were presented as medians and quartiles and compared
using the Mann—Whitney U test. Conversely, if the vari-
ables were normally distributed, they were expressed as
mean and standard deviation (SD) and compared using
the t-test. In addition, we expressed categorical variables
as component ratios and compared them using the chi-
square test.

Analysis of independent risk factors for in-hospital
mortality in allo-HSCT recipients combined ARDS iden-
tified with the new definition (n=135): Univariate logis-
tic regression analysis was performed with in-hospital
mortality as the dependent variable and the demographic
information, characteristics of hematologic disease and

ARDS episode, laboratory tests and SOFA scores as inde-
pendent variables. Variables with P<0.05 in univariate
logistic regression analysis were included in multivari-
ate stepwise logistic regression analysis (backward: con-
ditional) with probabilities of 0.05 and 0.10 for stepwise
entry and exclusion, respectively. Adjusted odds ratios
(ORs) and 95% confidence intervals (95% Cls) were then
reported with forest plot. The same analysis was applied
in allo-HSCT recipients combined ARDS identified with
the Berlin definition (n=87).

Results

Baseline characteristics of patients

Under the new definition, Origin on the X-axis was
referred to the day-of-infusion and groups were organ-
ized according to the time of ARDS diagnosis. The peak
incidence of ARDS was 1-4 months after allo-HSCT, and
77 patients were diagnosed during this period. The in-
hospital mortality was described for each group respec-
tively, and the overall trend showed that the longer the
ARDS onset from HSCT, the lower the in-hospital mor-
tality. For example, 24 allo-HSCT recipients developed
ARDS in the 1st month after HSCT, with the in-hospi-
tal mortality of 58%, but 14 patients developed ARDS in
the 12nd month, with the in-hospital mortality of 20%.
(Fig. 2A).
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Fig. 2 General characteristics of the occurrence and survival of allo-HSCT recipients with ARDS according to the Berlin criteria and the new global
definition. A Under the new definition, Origin on the X-axis was referred to the day-of-infusion and groups were organized according to the time
of ARDS diagnosis. The in-hospital mortality was described for each group respectively. For example, 24 allo-HSCT recipients developed ARDS

in the 1st month (30 days) after HSCT, and the in-hospital mortality for this group was 58%. B Under the Berlin definition, Origin on the X-axis

was referred to the day-of-infusion and groups were organized according to the time of ARDS diagnosis. The in-hospital mortality was described
for each group respectively. For example, 9 allo-HSCT recipients developed ARDS in the 1st month (30 days) after HSCT, and the in-hospital
mortality for this group was 67%. C Kaplan—Meier curves were constructed for allo-HSCT recipients diagnosed with ARDS based on the new

and Berlin definitions. Origin on the X-axis was referred to the day when allo-HSCT was diagnosed of ARDS diagnosis. The results demonstrated
that there was no statistically significant difference in 180-day cumulative survival after ARDS diagnosis between the two groups (P=0.073)

Under the Berlin definition, the peak incidence of
ARDS was 1-4 months after allo-HSCT, and 77 patients
were diagnosed during this period. The overall trend of
in-hospital mortality was similar with Fig. 2A. For exam-
ple, 9 allo-HSCT recipients developed ARDS in the 1st
month of HSCT, and the in-hospital mortality for this
group was 67%, and 12 patients developed ARDS in
the 12nd month, with the in-hospital mortality of 33%.
(Fig. 2B).

Kaplan—Meier curves (Fig. 2C) were constructed for
allo-HSCT recipients diagnosed with ARDS based on
the new and Berlin definitions. Origin on the X-axis
was referred to the day when allo-HSCT was diagnosed
of ARDS diagnosis. The results demonstrated that there
was no statistically significant difference in 180-day
cumulative survival after ARDS diagnosis between the
two groups (P=0.073). The allo-HSCT recipients with
ARDS identified with the new definition were 53.5%
males and 46.7% females, while patients identified with
the Berlin definition were 56.3% males and 43.7% females

(P=0.66). The highest number of diagnoses about hema-
tologic diseases in allo-HSCT recipients based on the
new definition was acute myeloid leukemia, followed
by acute lymphoblastic leukemia, myelodysplastic syn-
dromes, lymphomas, and aplastic anemia. Patients with
Berlin definitional diagnosis-based diagnoses exhibited
similar distributions (P=0.98). Furthermore, no statis-
tically significant differences were observed in median
age (37.5 years versus 37.0 years), underlying diseases, or
other factors, including the status of hematologic tumors,
source of stem cells, and donors. However, patients iden-
tified with the new definition exhibited a higher percent-
age of donor-recipient gender concordance (60.0% versus
46.0%, P=0.04). Moreover, the median interval from
HSCT to ARDS onset was longer in the Berlin defini-
tion group (135.0 days) compared with the new definition
group (116.0 days), with a statistically significant differ-
ence, P=0.02 (Table 1). A greater proportion of patients
identified using the Berlin definition had acute GVHD
(59.8% versus 45.2%), and a higher prevalence of patients
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Table 1 Characteristics of allo-HSCT recipients with ARDS diagnosed by the Berlin definition versus those diagnosed by the new

definition

Characteristic New definition (n=135) Berlin definition (n=87) P value
Gender 0.66
Male 72 (53.3%) 49 (56.3%)

Female 63 (46.7%) 38 (43.7%)

Age 37.5(28.0-50.0) 37.0(27.0,50.0) 0.59
Underlying diseases

Hypertension 9 (6.7%) 5(5.7%) 0.78
Diabetes 11 (8.1%) 8(9.2%) 0.79
Diagnosis 0.98
Acute myeloid leukemia 51 (37.8%) 31 (35.6%)

Acute lymphoblastic leukemia 33 (24.4%) 21 (24.1%)

Acute mixed phenotype leukemia 7 (5.2%) 7 (8.0%)

Lymphoma 12 (8.9%) 9(10.3%)

Myelodysplastic syndrome 13 (9.6%) 8(9.2%)

Multiple myeloma 3(2.2%) 2 (2.3%)

Myelofibrosis 1(0.7%) 1 (0.8%)

Aplastic anemia 12 (8.9%) 7 (9.2%)

Chronic lymphocytic leukemia 1(0.7%) 1(1.1%)

Chronic granulocytic leukemia 2 (1.5%) 0

Status (hematological malignancy) 0.61
Complete remission 85 (69.1%) 58 (72.5%)

Active disease 38 (30.9%) 22 (27.5%)

Donors 0.53
haplo-RD 84 (62.2%) 48 (55.2%)

MUD 31 (23.0%) 22 (15.8%)

SIB 20 (14.8%) 7 (19.5%)

Source of stem cells 0.89
Bone marrow 25 (18.5%) 16 (18.4%)

Peripheral 75 (55.6%) 47 (54.0%)

Bone marrow + peripheral 35 (25.9%) 24 (27 .6%)

Donors and Recipients

Matched gender 81 (60.0%) 40 (46.0%) 0.04
Matched ABO blood type 65 (48.1%) 47 (54.0%) 0.39
Acute GVHD <001
Without 74 (54.8%) 35 (40.2%)

| 32(23.7%) 1(12.6%)

Il 8(5.9%) 22 (25.3%)

Il 10 (7.4%) 1(12.6%)

% 11(8.1%) (8,0%)

Interval from HSCT to ARDS (days) 116.0 (51.0-272.8) 135.0 (58.5, 360) 0.02

Abbreviations: ARDS acute respiratory distress syndrome, GVHD graft-versus-host disease, HSCT hematopoietic stem cell transplantation, haplo-RD haploidentical
related donors, MUD HLA-matched unrelated donors, SIB HLA-identical sibling donors

with grade II-IV GVHD was observed compared to those
identified with the new definition, P<0.01. In addition,
the in-hospital mortality rate was 45.9% in allo-HSCT
recipients identified with new definition, while 52.9% of
those identified with the Berlin definition (Fig. 1).

Table 2 shows the basic clinical features of both sur-
vivors and non-survivors based on the new definition.

There were no statistically significant differences
in the gender, age, underlying diseases (hyperten-
sion and diabetes), hematologic diagnosis, disease
status, donor-recipient gender and ABO blood con-
cordance, and the grade of acute GVHD between the
survivors and non-survivors. The donor types var-
ied between the survivors and non-survivors. The
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Table 2 Baseline characteristic for allo-HSCT recipients with ARDS meeting new definition
Characteristic Survivors Non-survivors P value
(n=73) (n=62)
Gender 047
Male 41 (56.2%) 31 (50.0%)
Female 32 (43.8%) 31 (40.0%)
Age 35.0 (27.0-50.0) 40.0 (28.0-50.8) 0.69
Underlying diseases
Hypertension 5 (6.8%) 4 (6.5%) 093
Diabetes 8 (11.0%) 3 (4.8%) 0.20
Diagnosis 047
Acute myeloid leukemia 28 (38.4%) 23(37.1%)
Acute lymphoblastic leukemia 21 (28.8%) 12 (19.4%)
Acute mixed phenotype leukemia 3(4.1%) 4 (6.5%)
Lymphoma 6 (8.2%) 6(9.7%)
Myelodysplastic syndrome 3 (4.1%) 10 (16.1%)
Multiple myeloma 2 (2.7%) 1(1.6%)
Myelofibrosis 1(1.4%) 0 (0%)
Aplastic anemia 7 (9.6%) 5(8.1%)
Chronic lymphocytic leukemia 1(1.4%) 0 (0%)
Chronic granulocytic leukemia 1 (1.4%) 1 (1.6%)
Status (hematological malignancy) 0.35
Complete remission 48 (72.7%) 37 (64.9%)
Active disease 18 (27.3%) 20 (35.1%)
Donors <0.01
haplo-RD 35 (47.9%) 49 (79.0%)
MUD 23 (31.5%) 8(12.9%)
SIB 15 (20.5%) 5(8.1%)
Source of stem cells
Bone marrow 8 (11.0%) 17 (27 4%) 0.03
Peripheral 47 (64.4%) 28 (45.2%)
Bone marrow + peripheral 18 (24.7%) 17 (27 4%)
Donors and Recipients
Matched gender 44 (60.3%) 37 (59.7%) 0.94
Matched ABO blood type 33 (45.2%) 32 (51.6%) 0.46
Acute GVHD 0.07
Without 43 (58.9%) 31 (50.0%)
| 21 (28.8%) 11 (17.7%)
Il 2(2.7%) 6 (9.7%)
Il 3(4.1%) 7(11.3%)
[\ 4 (5.5%) 7 (11.3%)
Interval from HSCT to ARDS (days) 161.0 80.5 <0.01
(51.0-326) (45.0-174.8)

Abbreviations: ARDS Acute respiratory distress syndrome, GVHD Graft-versus-host disease, HSCT Hematopoietic stem cell transplantation, haplo-RD Haploidentical
related donors, MUD HLA-matched unrelated donors, SIB HLA-identical sibling donors

non-survivors had a higher incidence of haplo-HSCT
and MUD-HSCT, and a lower incidence of SIB-HSCT
as compared to the survivors (P<0.01). Concern-
ing the source of hematopoietic stem cells, survivors
had fewer sources of bone marrow and more periph-
eral and peripheral+bone marrow compared to the

non-survivors (P=0.03). Furthermore, the intervals
from HSCT to ARDS was significantly longer in survi-
vors at 161.0 days compared to 80.5 days in non-survi-
vors (P<0.01).

Characterization of ARDS episode in survivors
and non-survivors based on the new definition were



Guo et al. BMC Pulmonary Medicine (2024) 24:391

presented in Table 3. In terms of risk factors for ARDS,
a total of 72.6% of allo-HSCT recipients had pneumo-
nia, 38% had sepsis, and 16.3% had comorbid shock, but
there was no statistically significant difference between
survivors and non-survivors in terms of the risk factors
of ARDS. Furthermore, 16.4% of survivors and 24.2% of
non-survivors had a history of fungal infection (P=0.26).
At the time of ARDS diagnosis, 8.2% of survivors and
17.7% of non-survivors were in a leukocyte-deficient sta-
tus, with no statistically significant difference between
the two groups (P=0.10). Objective evaluations indicate
that survivors displayed higher levels of PaO2, PaO2/
FiO2, Sp0O2, SpO2/FiO2, lymphocytes, Hb, PLT, and
pre-albumin compared to non-survivors. Non-survivors
exhibited significantly higher levels of lactate, ALT, AST,
and SOFA scores compared to survivors (Table 4). Fur-
thermore, non-survivors had a longer hospital stay than
survivors (42.5 days vs. 31.0 days); however, the differ-
ence was not statistically significant.

Table 3 Characterization of ARDS episode in survivors and non-
survivors based on the new definition

Variables Survivors Non-survivors P value
(n=73) (n=62)
Risk factors for ARDS
Pneumonia 0.05
yes 58 (79.5%) 40 (64.5%)
no 15 (20.5%) 22 (35.5%)
Sepsis 0.84
yes 25 (34.2%) 26(41.9%)
no 48 (65.8%) 36(58.1%)
Shock 0.07
yes 8(11.0%) 4 (22.6%)
no 65 (89.0%) 48(77 .4%)
History of fungal 12 (16.4%) 5 (24.2%) 0.26
infection®
Leucocyte deficien- 6 (8.2%) 1 (17.7%) 0.10
cy®
Oxygenation
PaO, (mmHg)“ 84.2 (72.0,96.0) 68.0 (59.3,86.2) <0.01
PaO,/FiO, (mmHg)  2004+45.2 144.0+55.6 <0.01
SpO, (%) 93.0(92.0,95.0) 92.0(87.3,95.0) 0.03
SpO,/F0O, 232.3(193.1,2374) 168.2(134.4,202.1) <0.01
PaCO, (mmHg) 39.7 (344, 46.0) 37.9(33.7,46.6) 0.86
PH 7.39 (7.40, 7.46) 743 (7.40,745) 0.84
Lactate (mmol/L) 1.63(1.25-1.89) 22(14-3.18) <0.01
Length of stay (days) 31.0(24.0,53.0) 42.5(20.0,70.00) 0.39

2 Electronic Medical Records were reviewed from the diagnosis of hematologic
disease to this admission to our hospital

b Patients with WBC < 1 x 10%/L at the time of ARDS diagnosis was identified as
Leucocyte deficiency
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Table 4 Clinical characteristic for allo-HSCT recipients with ARDS
meeting the new definition

Variables Survivors Non-survivors Pvalue
(n=73) (n=62)
Laboratory tests
WBC (10/L) 29(2.1-53) 3.1(14-55) 0.95
Lymphocyte 0.6 (04-1.1) 03(0.1-1.1) 0.02
(10°/L)
Neutrophil (10%/L)  1.85 (1.1-3.0) 2.2(1.0-3.6) 0.89
Hb (g/L) 86.0 (67.0-105.0) 66.0 (59.0-76.0) <0.01
PLT (10%/L) 37.0(21.0-112.0) 16.0 (7.3-28.8) <0.01
ALT (U/L) 20.0(11.0-43.0) 38.0(16.0-98.5) <0.01
AST (U/L) 33.0(16.0-41.0) 37.0(25.3-74.0) 0.04
Pre-albumin 173.8(161.8-197.3) 1584 (1404-181.0) <0.01
(mg/L)
Albumin (g/L) 33.6(31.0-37.8) 32.5(31.0-36.7) 048
Cr (umol/L) 50.2 (45.7-72.8) 57.6 (40.5-84.3) 0.58
PCT (ng/L) 0.47(0.15-1.34) 0.34 (0.12-1.06) 033
CRP (mg/L) 134 (8.5-42.3) 13.9(94-28.2) 0.99
(

SOFA score 5.0 (4.0-8.0) 10.0 (7.0-13.0) <0.01

Abbreviations: ALT Alanine transaminase, AST Aspartate aminotransferase, Cr
Creatinine, CRP C-reactive protein, Hb Hemoglobin, PCT Procalcitonin, PLT
Platelet, SOFA score Sequential organ failure assessment score, WBC White blood
cell

Risk factors for in-hospital mortality in allo-HSCT recipients
with ARDS

Allo-HSCT recipients meeting the 2023 new definition

of ARDS

The risk factors we examined were the demographic
information, characteristics of hematologic disease
and ARDS episode, laboratory tests and SOFA scores.
The results of univariate logistic regression analy-
sis were listed in the Table S1. The univariate logistic
regression analysis revealed that the types of donors,
source of stem cells, grade of acute GVHD, interval
from HSCT to ARDS, SpO2/FiO2, lactate, pre-albu-
min, ALT, AST, Hb, PLT, and SOFA score met the
significance level of P<0.05. These variables were
therefore included in the multivariate logistic stepwise
regression analysis.

The multivariate logistic stepwise regression analysis
indicated that an increase of 1 point in the SOFA score
led to a 1.351 times higher in-hospital mortality. The
infusion of peripheral-derived stem cells was found to
be a protective factor against in-hospital mortality in
post-transplantation ARDS compared with the infu-
sion of bone marrow-derived stem cells (OR =0.244,
95% CI: 0.062—0.963, P=0.04). In addition, SpO2/FiO2
was also a protective factor against in-hospital mortal-
ity (OR=0.984, 95% CI: 0.972-0.996, P<0.01). (Fig. 3).
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Variables OR (95%CI) P-value

SOFA score — 1.351(1.146-1.593) <0.01
Source of stem cells 0.06
bone marrow + 1

peripheral —— 0.244(0.062-0.963)  0.04
bone marrow + peripheral * 0.726(0.164-3.221)  0.67
SpO2/FiO2 = 0.984(0.972-0.996) < 0.01
Interval from HSCT to ARDS (days) +—* 0.996(0.991-1.000) 0.05
Pre-albumin (mg/L) —e 0.988(0.975-1.002)  0.09
ALT (U/L) H——i 1.007(0.998-1.016)  0.12

0.(;0:O O.SIOO 1.000 1.5;00 2.(;00 2.5'00 .

lower risk for mortality

higher risk for mortality

Fig. 3 Risk factors for in-hospital mortality in allo-HSCT recipients combined with ARDS identified with the new definition. The ORs on the X axis
were from multivariate analyses. The right side of the reference line (OR > 1) indicated a higher risk of mortality, whereas the left side of the reference
line (OR< 1) indicated a lower risk of mortality. Abbreviations: ARDS, acute respiratory distress syndrome; ALT, alanine transaminase; SOFA score,
sequential organ failure assessment score; HSCT, hematopoietic stem cell transplantation

Allo-HSCT recipients meeting the Berlin definition of ARDS
Similarly, univariate regression analyses were performed
in patients with ARDS who met the Berlin definition.
The results of univariate logistic regression analysis were
listed in the Table S2. The univariate logistic regression
analysis revealed that shock status, the grade of acute
GVHD, interval from HSCT to ARDS, PaO2/FiO2, lac-
tate, AST, PLT, and SOFA score met the significance level
of P<0.05. These variables were therefore included in the
multivariate logistic stepwise regression analysis.

The multivariate logistic stepwise regression analysis
indicated that PaO2/FiO2 was a protective factor against
in-hospital mortality (OR=0.977, 95% CI: 0.961-0.993,
P=0.01). Furthermore, lactate (OR=7.337, 95% CI:
1.313-40.989, P<0.01) and AST (OR=1.165, 95% CI:

1.072-1.265, P<0.01) were found to be risk factors for in-
hospital mortality in post-transplantation ARDS. (Fig. 4).

Discussion

From June 2021 to March 2022, a consensus conference
of 32 critical care ARDS experts was convened to discuss
a new definition of ARDS, which was proposed in 2023
and eventually published in January 2024 in Am ] Respir
Crit Care Med [11]. This retrospective cohort study
attempted to explore the prognostic risk factors for allo-
HSCT recipients combined with ARDS, as a preliminary
attempt to validate this new definition. Similar analysis
among patients meeting Berlin ARDS criteria were also
performed. These risk factors we found may contribute to
closer monitoring and ARDS prevention strategies.

Variables OR (95%CI)  P-value
Interval from HSCT to ARDS (days) —— 0.997(0.992-1.001) 0.12
Pa02/FiO2 (mmHg) —— 0.977(0.961-0.993) 0.01
Lactate (mmol/L) 3 7.337(1.313-40.989) <<0.01
AST (U/L) —o—i 1.165(1.072-1.265) <0.01

0.2;00 1.000 5.000

lower risk for mortality

>

higher risk for mortality

Fig. 4 Risk factors for in-hospital mortality in allo-HSCT recipients combined with ARDS based on Berlin definition. The ORs on the X axis were
from multivariate analyses. The right side of the reference line (OR> 1) indicated a higher risk of mortality, whereas the left side of the reference
line (OR< 1) indicated a lower risk of mortality. Abbreviations: ARDS, acute respiratory distress syndrome; AST, aspartate aminotransferase; HSCT,

hematopoietic stem cell transplantation
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As Fig. 2 presented, the peak incidence of ARDS was
observed 1-4 months after HSCT under both the new
and Berlin definitions. The overall trend of in-hospital
mortality indicated that the longer the ARDS onset from
allo-HSCT, the lower the in-hospital mortality. Further-
more, in a univariate logistic regression analysis, a longer
interval from HSCT to ARDS was identified as a protec-
tive factor for in-hospital mortality. An analysis of the
LUNG SAFE database showed that pneumonia, sepsis,
and non-cardiogenic shock were the most common risk
factors for ARDS in immunocompromised patients [17].
Allo-HSCT recipients underwent a process of immuno-
suppression, with a decrease in the number of natural
killer and T cells in the first 100 days after HSCT when
the patient was in a state of cellular immunodeficiency
and immune insufficiency, which led to a greater pos-
sibility of infection [18], which may lead to the develop-
ment of ARDS. Moreover, allo-HSCT recipients suffered
ARDS may benefit from the gradual recovery of immune
function as the duration of HSCT increasing.

The in-hospital mortality of allo-HSCT recipients
diagnosed with ARDS, according to the Berlin defini-
tion, was 52.9%. This mortality rate aligned with previ-
ously reported rates for immunosuppressed patients and
HSCT patients with combined ARDS [4, 6, 17]. Com-
pared to the Berlin definition, ARDS diagnosed with the
new definition resulted in a lower in-hospital mortality
rate of 45.9% among allo-HSCT recipients. This could be
attributed to the Berlin definition being more stringent,
resulting in patients being diagnosed only in the severe
stage of the disease.

Under the new definition, higher SOFA scores were
found as an independent risk factor for allo-HSCT recip-
ients combined with ARDS, while SpO2/FiO2 was a pro-
tective factor against in-hospital mortality. The infusion
of peripheral-derived stem cells was found to be a pro-
tective factor against in-hospital mortality in post-trans-
plantation ARDS compared with the infusion of bone
marrow-derived stem cells. Under the Berlin definition,
higher PaO2/FiO2 was found to be a protective factor
against in-hospital mortality. Furthermore, higher lac-
tate and higher AST were found to be independent risk
factors for in-hospital mortality in post-transplantation
ARDS.

In our study, the PaO2/FiO2 and the SpO2/FiO2 were
identified as protective factors for mortality in ARDS
after allo-HSCT, in accordance with the Berlin definition
and the new definition, respectively. PaO2/FiO2 has been
identified as an important clinical biomarker of ARDS
severity. Previous studies have reported that higher
PaO2/FiO2 is associated with in-hospital mortality in
patients with ARDS [19-21]. Moreover, SpO2/FiO2 was
identified as a prognostic correlate in the context of the
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new definition. Previous studies employing the Berlin-
Kigali modified definition have demonstrated that SpO2/
FiO2 is a significant diagnostic and prognostic indicator
of ARDS, and the clinical efficacy of the prediction was
found to be comparable to that of the PaO2/FiO2 [22].
SpO2/FiO2 may be valuable for rapid, dynamic assess-
ment when blood gases are not available. Nevertheless,
the validity of SpO2/FiO2 still requires further confirma-
tion in clinical practice before becoming widely accepted
[23]. The SOFA score was a crucial tool for evaluating
organ dysfunction and predicting outcomes in critically
ill patients [24, 25]. Previous studies have reported that
multiorgan failure is an independent risk factor for death
in patients with hematologic malignancies and in patients
with ARDS [20, 26, 27], and higher SOFA scores were
associated with poor intensive care unit (ICU) progno-
sis in allo-HSCT recipients [28, 29]. The novelty of our
study was the the initial exploration in the newly pub-
lished definition of ARDS and in the study population of
allo-HSCT recipients with comorbid ARDS. In addition
to common ICU scoring systems such as the SOFA score
and APACHE score, a number of new and self-created
prognostic scoring systems have emerged. Liang M et al.
developed a novel risk score for screening patients with
COVID-19 who are at high risk for ARDS [30]. Moreover,
Bayraktar UD et al. developed a new predictive scoring
system to predict mortality in the ICU based on comor-
bidities, laboratory markers, and so on. scoring system
to predict prognosis of allo-HSCT recipients in the ICU
[31, 32]. Future research may focus on the development
of more accurate scoring systems.

Bone marrow, previously the sole source of stem cells,
can now be mobilized from healthy donors using gran-
ulocyte colony-stimulating factor (G-CSF) to obtain
hematopoietic stem cells from their peripheral blood.
Our study reported, for the first time, the effect of stem
cell source on the development of ARDS after allo-HSCT
under the new definition. The infusion of peripheral-
derived stem cells was found to be a protective factor
against in-hospital mortality in post-transplantation
ARDS compared with the infusion of bone marrow-
derived stem cells. Notably, no specific mechanism has
been elucidated for the relationship between stem cell
sources and ARDS pathogenesis, and more in vivo and
in vitro studies are required in the future.

Lactate serves as an indicator of tissue hypoxia and
organ perfusion insufficiency, and it holds major impli-
cations for diagnosis, treatment, and prognosis [33—35].
Previous studies of HSCT recipients admitted to inten-
sive care units have demonstrated a correlation between
elevated lactate levels and a poorer prognosis for patients
[35, 36]. Moreover, studies on ARDS have demonstrated
that elevated lactate levels are also a prognostic risk
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factor [37]. Our study found that lactate was one of the
risk factors for in-hospital mortality in ARDS (Berlin def-
inition) after allo-HSCT, which is in general agreement
with the results of the aforementioned clinical studies.

AST was found to be an independent risk factor for
in-hospital mortality in ARDS after allo-HSCT under
the Berlin definition, although ALT was not statistically
significant in the multivariate analysis under the new def-
inition. An elevated AST may be associated with hepato-
biliary disorders, pharmacologic injuries, cardiac disease,
and infectious diseases. A study conducted at the Mayo
Medical Center has demonstrated a correlation between
elevated serum transaminase levels and the subsequent
development of ARDS after HSCT [7, 8]. Addition-
ally, Harnisch et al. described ARDS-associated hypoxic
injury and cholangiocellular injury, which occurred in
the early stages of ARDS [24]. Consequently, it is impor-
tant to recognize the underlying causes of elevated serum
aminotransferases in allo-HSCT recipients with comor-
bid ARDS in order to prevent the progression of ARDS
and its associated poor prognosis.

In this study, pre-albumin was included in the multi-
variate regression model (the new definition), although
the results were not statistically significant. Pre-albumin
and albumin were regarded as sensitive indicators of
nutrition and immune inflammation. However, albumin
was not identified as an independent risk factor in our
study. Ayuk FA et al. reported that lower serum albumin
levels were associated with a poorer overall survival rate
in allo-HSCT recipients combined with acute GVHD
[38]. The prevalence of acute GVHD in this study was
about 50%, which may have influenced the discovery of
albumin as a risk factor.

Limitations

After the update of the 2023 new definition of ARDS,
we focused on analyzing the specific population of allo-
HSCT as thoroughly as possible. However, our study
has some limitations that we need to consider. First, the
sample size of this study was relatively limited consid-
ering the morbidity of ARDS and the total number of
HSCTs. Further research is needed, especially prospec-
tive clinical trials with larger samples, to gain a more
complete understanding of the risk factors.. Second,
we examined only the hospitalization on the occasion
of the diagnosis of ARDS, and the history prior to allo-
HSCT was not comprehensive. Future research could
encompass the complete course of the disease, starting
with the identification of hematologic disorders up to
HSCT, post-transplantation, and ultimately clinical out-
comes. Third, the process we used to include the study
population precluded the ability to provide an accurate
incidence of ARDS in allo-HSCT recipients. Fourth,
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the new definition focused exclusively on the severity
assessment of intubated ARDS patients, while the crite-
ria for non-intubated patients remain undefined, which
made it challenging to differentiate between severity
levels.

Conclusion

Under the new definition, SOFA scores were found as
an independent risk factor for in-hospital mortality in
ARDS after allo-HSCT, while SpO2/FiO2 was a protec-
tive factor. The infusion of peripheral-derived stem cells
was found to be a protective factor compared with the
infusion of bone marrow-derived stem cells. Under the
Berlin definition, PaO2/FiO2, lactate and AST were inde-
pendently associated with in-hospital mortality. These
risk factors we found may contribute to closer monitor-
ing and ARDS prevention strategies and these findings
require confirmation in prospective, large sample size
studies.

Abbreviations

Allo-HSCT  Allogeneic hematopoietic stem cell transplantation
ARDS Acute respiratory distress syndrome

ALT Alanine transaminase

AST Aspartate aminotransferase

Cr Creatinine

CRP C-reactive protein

CPAP Continuous positive airway pressure

GVHD Graft versus host disease

HFNO High-flow nasal cannula oxygen

Hb Hemoglobin; high-flow nasal cannula oxygen

Haplo-RD Haploidentical related donors

HSCT Hematopoietic stem cell transplants
MUD HLA-matched unrelated donors

NIV Noninvasive mechanical ventilation

PEEP Positive end-expiratory pressure

PCT Procalcitonin

PLT Platelet

SOFA score  Sequential organ failure assessment score

SIB HLA-identical sibling donors
WBC White blood cell
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