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Abstract
The prognosis of allogeneic stem cell transplant recipients admitted to the intensive care unit (ICU) has improved over the 
last decades. However, data focusing on patients treated in the ICU during the peri-transplant period are scarce. We there-
fore conducted an analysis comprising 70 patients who had allogeneic stem cell transplantation at the University Hospital 
Cologne between 2014 and 2020 and were admitted to the ICU between the initiation of conditioning therapy and day 30 
after transplantation. The median age was 59 years (range: 18 − 72 years). 50% of patients were female. Sepsis was the most 
common cause for ICU admission (49%). Mechanical ventilation (MV) was required in 56% of patients, 27% had renal 
replacement therapy (RRT), and 64% needed vasopressors. The ICU, hospital, 90-day, and 1-year survival rates were 48.6%, 
38.6%, 35.7%, and 16.2%, respectively. MV and/or RRT during the ICU stay were associated with an impaired survival 
(p < 0.0001). The same was true for the use of vasopressors (p < 0.0001). In contrast, baseline characteristics did not impact 
the outcome. Cardiopulmonary resuscitation (CPR) was performed in 17% of patients. None of the patients undergoing CPR 
was alive at 1 year. Among patients who died after discharge from the ICU (n = 23), sepsis and other infectious complica-
tions represented the major causes of death (48%). Taken together, the present analysis indicates unfavorable outcomes for 
allogeneic stem cell transplant recipients admitted to the ICU during the peri-transplant period. The data may help to make 
informed decisions with patients and their families.
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Introduction

The prognosis of allogeneic stem cell transplant recipients 
admitted to the intensive care unit (ICU) has improved over 
the last decades [1, 2]. A large retrospective study analyzed 
the outcome of 330 patients who had undergone allogeneic 
stem cell transplantation (aSCT) between 2000 and 2013 and 
had been admitted to the ICU at least once thereafter. The 
ICU and hospital survival rates improved from 44 and 26%, 
respectively, for patients treated on the ICU between 2000 
and 2006 to 60% and 43%, respectively, for patients who 
had treatment on the ICU between 2007 and 2013. However, 
several factors remain associated with a poor prognosis for 
critically ill allogeneic stem cell transplant recipients. Those 
include mechanical ventilation (MV), renal replacement 
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therapy (RRT), the use of vasopressors, liver impairment, 
and graft-versus-host disease (GvHD) [1, 3–5].

Reports focusing on patients admitted to the ICU during 
the peri-transplant period are scarce [6, 7]. To shed more 
light on characteristics and course of this patient group, 
we conducted an analysis including allogeneic stem cell 
transplant recipients who required treatment in the ICU 
between the initiation of conditioning therapy and day 30 
after transplantation.

Patients and methods

Patients aged ≥ 18 years who had aSCT at the University 
Hospital Cologne between January 1, 2014, and Decem-
ber 31, 2020, and were admitted to the ICU during the 
peri-transplant period (defined as the time between the 
initiation of conditioning therapy and day 30 after trans-
plantation) were included in the present analysis. Patient 
characteristics, laboratory parameters, the Hematopoietic 
Cell Transplantation-specific Comorbidity Index (HCT-CI) 
score (a score consisting of comorbidities and predicting 
non-relapse mortality and survival in patients undergoing 
aSCT) at initiation of conditioning therapy, aSCT-related 
information, causes for ICU admission, the Sequential 
Organ Failure Assessment (SOFA) score (a score describ-
ing organ function and extent of organ failure in critically 
ill patients) at ICU admission, and procedures performed 
during the stay on the ICU were extracted from the patient 
charts [8, 9].

Numbers and proportions were indicated for categori-
cal variables. Medians and ranges were calculated for con-
tinuous variables. Survival curves were obtained using the 
Kaplan–Meier method. Overall survival (OS) was defined as 
the time from admission to the ICU until death and was cen-
sored at the time of last information for surviving patients. 
The influence of variables on OS was investigated using the 
log-rank test (Mantel-Cox). Statistical significance was set 
to p < 0.05 (two-sided). The statistical analyses were per-
formed using Microsoft Excel (version 16.45), SPSS (IBM, 
version 27.0.1.0), and R-project/RStudio software (version 
3.6.2 /1.4.1103) for Mac as well as GraphPad Prism (version 
8.0.1) for Windows.

Results

Baseline patient characteristics

Between January 1, 2014, and December 31, 2020, 638 
patients had aSCT at the University Hospital Cologne. 
Of these, 70 (11.0%) were admitted to the ICU between 
the initiation of conditioning therapy and day 30 after 

transplantation. Among the patients aged younger than 
40 years at the time of aSCT, ICU admission during the 
peri-transplant period was necessary in 4.8% of cases. 
In contrast, patients aged 40 to 60 years and older than 
60 years were admitted to the ICU in 14.1% and 11.3% of 
cases, respectively (data not shown). Patients necessitating 
treatment on the ICU had a median age of 59 years (range: 
18–72 years) at aSCT. Males and females accounted for 
35/70 patients (50%) each. Acute leukemia and myelod-
ysplastic syndrome represented the most common indi-
cations for aSCT (54/70 patients; 77.1%). Less frequent 
indications were non-Hodgkin lymphomas (10/70 patients; 
14.3%) and myeloproliferative neoplasms (4/70 patients; 
5.7%). The median HCT-CI score at the initiation of con-
ditioning therapy was 4 (range: 0–10). Matched unrelated 
donors represented the most common stem cell source 
(39/70 patients; 55.7%) (Table 1).

Table 1   Patient characteristics of patients admitted to the ICU 
between the initiation of conditioning therapy and day 30 after aSCT

aSCT, allogeneic stem cell transplantation; MDS, myelodysplastic 
syndrome; NHL, non-Hodgkin lymphoma; MPN, myeloproliferative 
neoplasm; CR, complete remission; PR, partial remission; SD, stable 
disease; MRD, measurable residual disease; PD, progressive disease; 
HCT-CI, Hematopoietic Cell Transplantation-specific Comorbidity 
Index; MMUD, mismatched unrelated donor; MUD, matched unre-
lated donor; SIB, matched-related sibling; GvHD, graft-versus-host 
disease

%

Total patients (n) 70
Age—median (range) 59 (18–72)
Female sex (n) 35 50
Indication for aSCT
  Acute leukemia or MDS (n) 54 77.1
  NHL (n) 10 14.3
  MPN (n) 4 5.7
  Other (n) 2 2.9
Remission status prior to aSCT
  CR (n) 24 34.3
  PR (n) 19 27.1
  SD (n) 4 5.7
  MRD positive (n) 7 10.0
  PD (n) 16 22.9
HCT-CI score median (range) 4 (0–10)
Type of donor
  Haplo (n) 9 12.9
  MMUD (n) 15 21.4
  MUD (n) 39 55.7
  SIB (n) 7 10.0
Acute GvHD
  Grade 1/2 (n) 26 37.1
  Grade 3/4 (n) 10 14.3
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Characteristics of ICU admission and procedures 
on the ICU

The median time interval between aSCT and admission to 
the ICU was 6.5 days (range: day −12–day 29). ICU admis-
sion occurred during conditioning therapy in 22/70 patients 
(31.4%) whereas 48/70 patients (68.6%) were admitted after 
aSCT (Table 2, supplemental Fig. 1).

The most frequent causes for ICU admission were sepsis 
(34/70 patients; 48.6%), respiratory failure (13/70 patients; 
18.6%), and neurological symptoms (13/70 patients; 18.6%). 
In patients presenting with fever, diagnostic workup includ-
ing the collection of blood cultures had already been con-
ducted and treatment with broad-spectrum antibiotics (piper-
acillin/tazobactam or meropenem in most cases) had already 
been initiated before ICU admission. The median SOFA 
score at the time of ICU admission was 9.5 (range: 1–21). 
39/70 patients (55.7%) had MV (including one patient who 
had veno-venous extracorporeal membrane oxygenation), 
19/70 patients (27.1%) underwent RRT and 45/70 patients 
(64.3%) required vasopressors during the ICU stay. Car-
diopulmonary resuscitation (CPR) was performed in 12/70 
patients (17.1%). The median duration of stay on the ICU 
was 5 days (range: 1–42 days) (Table 2).

Outcome and risk factors

The median observation time was 45.5  days (range: 
1–2266  days) for all patients and 881  days (range: 
151–2266 days) for surviving patients. The ICU, hospital, 
90-day, and 1-year survival rates were 48.6%, 38.6%, 35.7%, 
and 16.2%, respectively (Table 3). In contrast, the 1-year 
survival rate for allogeneic stem cell transplant recipients 

Table 2   ICU characteristics of patients admitted to the ICU between 
the initiation of conditioning therapy and day 30 after aSCT

aSCT, allogeneic stem cell transplantation; IHCA, in-hospital cardiac 
arrest; STEMI, ST-elevation myocardial infarction; ICU, intensive 
care unit; MV, mechanical ventilation; NIV, non-invasive ventilation; 
RRT​, renal replacement therapy; CPR, cardiopulmonary resuscitation; 
SOFA, Sequential Organ Failure Assessment

%

Admission (days from aSCT)—median (range) 6.5 (− 12–29)
Leading cause for admission
  Arrhythmia (n) 5 7.1
  Bleeding (n) 1 1.4
  IHCA (n) 2 2.9
  STEMI (n) 1 1.4
  Neurological symptoms (n) 13 18.6
  Post-surgery surveillance (n) 1 1.4
  Respiratory failure (n) 13 18.6
  Sepsis (n) 34 48.6
Duration of ICU stay (days)—median (range) 5 (1–42)
MV (n) 39 55.7
  Days from admission to MV—median (range) 1.5 (1–55)
  Duration of MV (days)—median (range) 3.5 (1–25)
NIV (n) 2 2.9
High-flow nasal cannula (n) 4 5.7
RRT (n) 19 27.1
Vasopressor (n) 45 64.3
CPR (n) 12 17.1
SOFA score at admission—median (range) 9.5 (1–21)
Lactate [mmol/l] at admission—median 

(range)
1.6 (0.5–19)

Table 3   Outcome 
characteristics of patients 
admitted to the ICU between 
initiation of conditioning 
therapy and day 30 after aSCT

ICU, intensive care unit; aSCT, allogeneic stem cell transplantation; GvHD, graft-versus-host disease

%

ICU survival (n) 34/70 48.6
Hospital survival (n) 27/70 38.6
90-day survival (n) 25/70 35.7
1-year survival (n) 11/68 16.2
Follow-up (days)—median (range) (all patients) 45.5 (1–2266)
Follow-up (days)—median (range) (survivors) 881 (151–2266)
Time from ICU admission to death (days)—median (range) 12 (1–1228)
Time from aSCT to death (days)—median (range) 27 (1–1238)
Cause of death among ICU survivors
  Sepsis (n) 7 30.4
  Underlying malignancy (n) 4 17.4
  Unknown (n) 3 13.0
  GvHD (n) 3 13.0
  Other infection (n) 4 17.4
  Cardiovascular disease (n) 2 8.7
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who did not require treatment in the ICU during the peri-
transplant period (data available for 472/568 patients; 
83.1%) was 77.6% (data not shown).

The median time interval between ICU admission and 
death was 12 days (range: 1–1228 days). The median time 
from aSCT to death was 27 days (range 1–1238 days). The 
most frequent causes of death among the 23 patients who 
were discharged from the ICU but died during observation 
were sepsis (7/23 patients; 30.4%), other infectious compli-
cations (4/23 patients; 17.4%), relapse or progression of the 
underlying malignancy (4/23 patients; 17.4%) and GvHD 
(3/23 patients; 13.0%). Neither age (p = 0.51) and HCT-CI 
score (p = 0.59) nor the presence of GvHD during the stay on 
the ICU (p = 0.41) had an impact on the OS (Fig. 1A, B, D; 
supplemental Table 1). In contrast, progression of the under-
lying malignancy at the initiation of conditioning therapy 
(p = 0.0063), MV (p < 0.0001) and/or RRT (p < 0.0001) and 
use of vasopressors (p < 0.0001) during the ICU stay were 

associated with an impaired OS (Figs. 1C and  2). None 
of the 16 patients who had progression of the underlying 
malignancy at the initiation of conditioning therapy survived 
1 year. Only 2/39 patients (5.1%) who had required MV, 1/19 
patients (5.3%) who had undergone RRT, and 2/45 patients 
(4.4%) necessitating vasopressors were alive at 1 year. There 
were no survivors among the patients in which CPR was 
performed.

Discussion

Data on characteristics and course of allogeneic stem cell 
transplant recipients admitted to the ICU during the peri-
transplant period are scarce. We therefore performed a 
single-center retrospective analysis comprising 70 patients 
treated on the ICU between the initiation of conditioning 
therapy and day 30 after transplantation. The major findings 
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Fig. 1   A Overall survival according to age (< 40 years vs 40–60 years 
vs > 60 years). B Overall survival according to HCT-CI (0–2 vs > 2). 
C Overall survival according to remission status prior to aSCT (CR 
vs PR vs SD/MRD positive vs PD). D Overall survival according to 
the presence of acute GvHD. Legend: HCT-CI, Hematopoietic Cell 

Transplantation-specific Comorbidity Index; aSCT, allogeneic stem 
cell transplantation; CR, complete remission; PR, partial remission; 
SD, stable disease; MRD, measurable residual disease; PD, progres-
sive disease; GvHD, graft-versus-host disease
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were as follows: 1) 11.0% of allogeneic stem cell transplant 
recipients required treatment on the ICU during the peri-
transplant period; 2) Despite an ICU survival rate close to 
50%, the 1-year OS of patients treated on the ICU during 
the peri-transplant period was only 16.2%; 3) Only 2/44 
patients (4.5%) requiring MV and/or RRT, 2/45 patients 
(4.4%) necessitating vasopressors, and no patient undergo-
ing CPR were alive at 1 year.

In the present analysis, 11.0% of allogeneic stem cell 
transplant recipients were admitted to the ICU between the 
initiation of conditioning therapy and day 30 after trans-
plantation. Patients had a median age of 59 years. Males and 
females accounted for 50% of cases each. Hence, the ICU 
admission rate was comparable to previous studies from Ger-
many and the US (ICU admission rates: 14.9% and 13.0%, 
respectively) including patients that had been hospitalized 
for aSCT. The median age and the proportion of females in 
the present analysis were slightly higher than in the previous 
reports (median age: 54.4 years and 52 years, respectively; 
proportion of females: 42.3% and 42%, respectively) [6, 7].

The most common cause for ICU admission in the pre-
sent analysis was sepsis (34/70 patients; 48.6%). The median 
SOFA score at the time of ICU admission was 9.5 and thus 
lower than in the already mentioned German study that had 
reported a median SOFA score of 14 [7]. However, the lower 
median SOFA score did not result in improved ICU and 
1-year survival rates. This is in contrast to earlier studies [10, 
11]. For instance, a retrospective Swedish analysis evaluat-
ing the course of critically ill allogeneic stem cell transplant 
recipients was able to discriminate 3 risk groups according 
to the SOFA score at ICU admission (risk group 1: SOFA 
score < 8; risk group 2: SOFA score 8–11; risk group 3: 
SOFA score > 11) [10].

The present analysis indicated a dismal prognosis for 
the 16 patients who presented with progression of the 
underlying malignancy at the initiation of conditioning 
therapy. None of these patients was alive at 1 year. This 
finding is consistent with studies evaluating the impact of 
the remission status on the outcome of allogeneic stem cell 
transplant recipients. A recent analysis comprising 392 

+
+

0.00

0.25

0.50

0.75

1.00

0 30 60 100 200 365
Days

S
u

rv
iv

al
 p

ro
b

ab
ili

ty

+ +MV No MV

39 15 8 5 3 2

31 26 22 19 13 10

0 30 60 100 200 365
Days

Number at risk

A
p < 0.0001

+ +

0.00

0.25

0.50

0.75

1.00

0 30 60 100 200 365
Days

S
u

rv
iv

al
 p

ro
b

ab
ili

ty

+ +RRT No RRT

19 5 1 1 1 1

51 36 29 23 15 11

0 30 60 100 200 365
Days

Number at risk

B

p < 0.0001

+
+

0.00

0.25

0.50

0.75

1.00

0 30 60 100 200 365
Days

S
u

rv
iv

al
 p

ro
b

ab
ili

ty

+ +MV and / or RRT Neither MV nor RRT

44 17 8 5 3 2

26 24 22 19 13 10

0 30 60 100 200 365
Days

Number at risk

C

p < 0.0001

+
+

0.00

0.25

0.50

0.75

1.00

0 30 60 100 200 365
Days

Su
rv

iv
al

 p
ro

ba
bi

lit
y

+ +Vasopressor No Vasopressor

45 18 8 5 3 2

25 23 22 19 13 10−−
0 30 60 100 200 365

Days

Number at risk

D

p < 0.0001

Fig. 2   A Overall survival according to the necessity of MV. B Over-
all survival according to the necessity of RRT. C Overall survival 
according to the necessity of MV and/or RRT (MV and/or RRT vs 

no MV and/or RRT). D Overall survival according to the necessity 
to use vasopressors. Legend: MV, mechanical ventilation; RRT, renal 
replacement therapy

393Annals of Hematology (2022) 101:389–395



1 3

patients who had reduced-intensity or non-myeloablative 
aSCT for acute myeloid leukemia revealed inferior event-
free survival and overall survival rates for patients with 
active disease prior to aSCT (n = 130) as compared with 
patients who had measurable residual disease (MRD) but 
no increased blast count (n = 115) and individuals with no 
MRD (n = 147), respectively [12].

Overall, 39/70 patients (55.7%) taken into account 
for the present analysis required MV and 19/70 patients 
(27.1%) had RRT. Thus, the proportion of individuals who 
had MV and/or RRT was similar to previous studies includ-
ing patients hospitalized for aSCT [6, 7]. In the present 
analysis, only 2 patients necessitating MV and 1 patient 
requiring RRT were alive at 1 year. This is also in agree-
ment with previous publications consistently reporting poor 
outcomes for critically ill allogeneic stem cell transplant 
recipients undergoing MV and/or RRT [6, 7, 13, 14]. Death 
rates for patients who had RRT were up to 100% [7, 15].

The ICU, hospital, 90-day, and 1-year survival rates for 
the 70 patients included in the present analysis were 48.6%, 
38.6%, 35.7%, and 16.2%, respectively. A previous analy-
sis evaluating characteristics and outcomes of 78 patients 
admitted to the ICU during hospitalization for aSCT indi-
cated similar results (ICU survival: 56.4%; 100-day survival: 
42.3%) [7]. In contrast, analyses investigating critically ill 
allogeneic stem cell transplant recipients irrespective of the 
time interval between aSCT and ICU admission reported 
better survival outcomes. According to two recent studies, 
almost 50% of patients survived 90 days and roughly 30% 
were alive at 1 year [1, 2].

Besides its retrospective single-center design, the present 
analysis has some limitations. Those include the inability to 
calculate the Prognostic Index For Intensive Care After Allo-
geneic Stem Cell Transplantation (PICAT) due to insufficient 
information regarding some parameters contained in this score 
that allows the allocation of critically ill allogeneic stem cell 
transplant recipients into three distinct risk groups with hos-
pital mortality rates ranging between 34 and 91% [16].

Taken together, the present study confirms that patients 
admitted to the ICU during the peri-transplant period have 
unfavorable outcomes. Admission to the ICU is nonetheless 
justified given the long-term survival of a significant minor-
ity of patients. However, in line with previous reports, the 
importance of advance care planning in allogeneic stem cell 
transplant recipients is underscored given the high mortal-
ity especially in individuals developing multi-organ failure 
[17–19]. A time-limited trial of intensive care treatment 
for 3 to 5 days can represent an option in this patient group. 
If the patient´s condition improves during the determined 
time interval, intensive care treatment is being continued 
whereas treatment goals are shifted towards palliation and 
reduction of the symptom burden alone if the condition 
deteriorates [20].
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