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Abstract 

Purpose:  Intensive care unit (ICU) admission of allogeneic hematopoietic stem cell transplant (HSCT) recipients is 
associated with relatively poor outcome. Since longitudinal data on this topic remains scarce, we analyzed reasons for 
ICU admission as well as short- and long-term outcome of critically ill HSCT recipients.

Methods:  A total of 942 consecutive adult patients were transplanted at Hannover Medical School from 2000 to 
2013. Of those, 330 patients were at least admitted once to the ICU and included in this retrospective study. To ana-
lyze time-dependent improvements, we separately compared patient characteristics as well as reasons and outcome 
of ICU admission for the periods 2000–2006 and 2007–2013.

Results:  The main reasons for ICU admission were acute respiratory failure (ARF) in 35%, severe sepsis/septic shock 
in 23%, and cardiac problems in 18%. ICU admission was clearly associated with shortened survival (p < 0.001), but 
survival of ICU patients after hospital discharge reached 44% up to 5 years and was comparable to that of non-ICU 
HSCT patients. When ICU admission periods were compared, patients were older (48 vs. 52 years; p < 0.005) and the 
percentage of ARF as leading cause for ICU admission decreased from 43% in the first to 30% in the second period. 
Over time ICU and hospital survival improved from 44 to 60% (p < 0.01) and from 26 to 43% (p < 0.01), respectively. The 
1- and 3-year survival rate after ICU admission increased significantly from 14 to 32% and from 11 to 23% (p < 0.01).

Conclusions:  Besides ARF and septic shock, cardiac events were especially a major reason for ICU admission. Both 
short- and long-term survival of critically ill HSCT patients has improved significantly in recent years, and survival of 
HSCT recipients discharged from hospital is not significantly affected by a former ICU stay.

Keywords:  Hematopoietic stem cell transplantation, Intensive care, Outcome, Respiratory failure

Introduction

Allogeneic hematopoietic stem cell transplantation 
(HSCT) is increasingly used as curative treatment of 

malignant and non-malignant hematologic diseases [1]. 
Nonetheless, this therapy entails life-threatening com-
plications, mainly because of treatment-related toxicity 
and opportunistic infections, leading to intensive care 
unit (ICU) admission in 15–40% [2–9]. In the 1980s, 
ICU outcome in allogeneic HSCT recipients was dis-
mal with mortality rates up to 90% [2, 8]. However, data 
analysis were mostly based on small cohorts with retro-
spective design [2, 6, 8, 9], mixed populations including 
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autologous and allogeneic transplanted patients [10, 11] 
and single-center experiences [2, 4, 6, 8–11].

With the introduction of reduced-intensity condi-
tioning (RIC) and improvements in supportive care, 
the treatment-related mortality in HSCT patients has 
declined [12]. Thus, HSCT became a feasible treatment 
option for older patients with more comorbidities [12]. 
In the last 25  years, ICU survival of the general popu-
lation [13] as well as the hematologic and oncologic 
patients improved significantly due to advances in sepsis 
therapy, lung protective ventilation strategies, and new 
anti-infective compounds [14, 15]. Although outcome of 
HSCT recipients remained poor [16], recent longitudinal 
analyses reported improvement of survival of about 20% 
[3, 17]. Therefore, we performed a longitudinal analysis 
to evaluate reasons for and outcome of ICU admission 
in a consecutive and homogenous cohort of critically ill 
HSCT recipients.

Parts from our work have been previously presented 
at the annual meeting of the German Cancer Congress 
(DKK) [18].

Patients and methods
Patients
We retrospectively analyzed 942 consecutive patients 
who received allogeneic HSCT at Hannover Medical 
School, Germany, between January 2000 and December 
2013. During this time period, all ICU admissions were 
documented. In case of multiple admissions per patient, 
only the first one was analyzed. At Hannover Medical 
School, use of vasopressors (VP), non-invasive ventila-
tion (NIV) and invasive mechanical ventilation (IMV), 
renal replacement therapy (RRT) or other extracorporeal 
therapies are restricted to the ICU and not performed in 
the transplant unit.

Before start of conditioning, we routinely discuss inten-
sive care therapy, withdraw of life-sustaining therapies 
and do-not-resuscitate orders with the patients. In case 
of critically illnes allogeneic stem cell recipients will be 
reviewed by both, the attending hematologist and inten-
sivist, selected for at least an ICU trial and admitted to 
the internal ICU with highest standards and abundant 
experience in handling immunocompromised patients.

Graft-versus-host disease (GvHD) prophylaxis consists 
of CyA/MMF (Cyclosporine A/Mycophenolatmofetil) 
in reduced intensity and CyA/MTX (Cyclosporine A/
Methotrexate) in myeloablative conditioning regimen. 
In addition, more than three quarters of the patients 
received antithymocyte globulin (ATG) at a total dose 
of 20–60  mg/kg. Infectious prophylaxis was provided 
according to the recommendations of the Infectious Dis-
eases Working Party of the German Society for Hema-
tology and Medical Oncology (AGIHO/DGHO) and the 

German Working Group for Blood and Marrow Trans-
plantation (DAG-KBT) [19].

Data collection
Data collection included demographics, hematologic 
disease and status, transplant-associated data as well as 
incidence and grade of acute and chronic GvHD [20]. 
Individual risk assessment was performed according to 
European Group of Bone and Marrow Transplantation 
(EBMT) risk score [21] considering age of the patient, 
disease status, time interval from diagnosis to transplant, 
donor type as well as Karnofsky performance status [22]. 
Patients admitted during conditioning and discharged 
from ICU before transplantation were not included in 
this study. A detailed recruiting chart is given in Fig. S1.

The following ICU-related data were collected: reasons 
for ICU admission, interval between HSCT and ICU 
admission, duration of ICU stay, occurrence of organ fail-
ures and the organ support measures. Acute respiratory 
failure (ARF) was defined as the need of more than 3 L/
min of oxygen flow via nasal cannula. Acute kidney injury 
was determined according to the acute kidney injury cri-
teria of KDIGO (Kidney Disease Improving Global Out-
comes) [23]. Serum bilirubin ≥ 68 mmol/L defined liver 
impairment [24]. Sepsis was specified according to the 
2001 SCCM/ESICM/ACCP/ATS/SIS international sep-
sis definition [25]. Multiple organ dysfunction syndrome 
(MODS) was defined as altered organ function in two or 
more organ systems. The last follow-up was in June 2014.

Statistical analysis
Continuous variables were reported as median and 
interquartile range (IQR), categorical as numbers and 
percentages. The Mann–Whitney U test was used to 
compare continuous data; a Pearson’s χ2 test was used 
for categorical data. Parameters with a trend for ICU 
admission and hospital mortality were included in the 
multivariate logistic regression model using forward 
and backward selection techniques. Overall survival was 
estimated using the Kaplan–Meier method. Differences 
between groups were calculated using a stratified log-
rank test. Hazard ratios for ICU mortality over time were 

Take‑home message 

The main reason for admission to the intensive care unit for HSCT 
recipients remains acute respiratory failure, although it has recently 
declined. While short-term survival improved even in patients 
requiring two life-sustaining therapies, a majority of HSCT recipients 
should be considered for at least ICU trial support. Long-term sur-
vival of HSCT recipients after hospital discharge is encouraging and 
comparable to non-ICU patients.
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calculated as a time-dependent variable using a Cox pro-
portional regression model.

All statistical tests were two-sided with a required sig-
nificance level of less than 0.05. Statistical analysis was 
performed using SPSS 23.0 software (IBM) and R-Project 
software (version 3.2.3 for Linux).

Results
Patient characteristics
After transplantation, 330 out of 942 (35%) patients were 
admitted to the ICU. Some of the patients (17%) were 
initially admitted to ICUs other than the medical ICU, 
but subsequently transferred. The main characteristics 
of the total cohort and the subgroups analyzed (ICU- 
vs. non-ICU) are shown in Table 1. Median age at time 
of transplantation was 50 years (range 17–72 years) with 

57% male patients. Main hematopoietic diseases were 
myeloid [acute myeloid leukemia (AML), myelodysplas-
tic syndrome (MDS); 55%), lymphoid [acute lympho-
blastic leukemia (ALL), lymphoma, chronic lymphatic 
leukemia (CLL); 22%] and myeloproliferative malignan-
cies [myeloproliferative neoplasm (MPN), chronic mye-
loid leukemia (CML); 14%]. Some of the patients (26%) 
were transplanted in relapse. Conditioning regimen was 
myeloablative in 39%. Hematopoietic stem cell grafts 
were peripheral blood stem cells (PBSC) in 88%; donor 
type was matched in 80%. The underlying hematopoietic 
malignancy was not associated with ICU admission (ns).

Age, gender, source of graft and conditioning regimen 
were not significantly different between ICU- and non-
ICU patients. By contrast, a mismatched donor, reduced 
Karnofsky performance status at time of transplantation 

Table 1  Baseline characteristics

AML acute myeloid leukemia, CML chronic myeloid leukemia, EBMT European Society for Blood and Marrow Transplantation, HSCT hematopoietic stem cell 
transplantation, ICU intensive care unit, ID initial diagnosis, MDS myelodysplastic syndrome, MPN myeloproliferative neoplasm, PBSC peripheral blood stem cells, RIC 
reduced intensity conditioning

All (n = 942) ICU (n = 330) Non-ICU (n = 612) p value (univariate) p value (multivari-
ate)

Age at time of HSCT, median (IQR) 50.0 (37–58) 51.0 (36–59) 49.0 (38–58) 0.667

Male patients, n (%) 539 (57.2) 187 (56.7) 352 (57.5) 0.855

Underlying disease, n (%) 0.407

 AML/MDS 517 (54.9) 170 (51.5) 347 (56.7)

 Lymphoid diseases 205 (21.8) 79 (23.9) 126 (20.6)

 CML/MPN 130 (13.8) 46 (13.9) 84 (13.7)

 Multiple myeloma 44 (4.7) 16 (4.8) 28 (4.6)

 Aplastic anemia 27 (2.9) 6 (1.8) 21 (3.4)

 Other 19 (2.0) 13 (3.9) 6 (1.0)

Disease in remission at HSCT, n (%) 458 (48.6) 149 (45.2) 309 (50.5) 0.135

Months between ID and HSCT, median (IQR) 9 (4–25) 11 (5–28) 9 (4–24) 0.036

No. of allogeneic HSCT, n (%) 0.067

 1 909 (96.5) 313 (94.8) 596 (97.4)

 ≥ 2 33 (3.5) 17 (5.2) 16 (2.6)

Karnofsky scoring at transplantation, n (%) 0.005 0.005

 ≥ 80% 890 (94.5) 302 (91.5) 588 (96.1)

 < 80% 52 (5.5) 28 (8.5) 24 (3.9)

Donor type, n (%) 0.022 0.021

 Matched 756 (80.3) 251 (76.1) 505 (82.5)

 Mismatched 186 (19.7) 79 (23.9) 107 (17.5)

Source of stem cells, n (%) 0.162

 PBSC 829 (88.1) 286 (86.7) 543 (88.7)

 Bone marrow 103 (10.9) 38 (11.5) 65 (10.6)

 Cord blood 9 (0.9) 6 (1.8) 3 (0.5)

 PBSC + bone marrow 1 (0.1) 0 (0.0) 1 (0.2)

Conditioning regime, n (%) 0.554

 Myeloablative 367 (39.0) 124 (37.6) 243 (39.7)

 RIC 575 (61.0) 206 (62.4) 369 (60.3)
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and time between initial diagnosis and HSCT were asso-
ciated with ICU admission. Multivariate analysis revealed 
that mismatched donor and reduced Karnofsky perfor-
mance status significantly correlated with ICU admission 
(Table 1).

ICU admission
Median time between HSCT and ICU admission was 
77 (16–300) days. The main reasons were ARF in 35% 
(n = 105), severe sepsis in 23% (n = 70) and cardiac 
events (dysrhythmia, decompensation, infarction) in 18% 
(n = 53). Other reasons like acute kidney injury, bleeding, 
and impaired consciousness occurred in 14% (n = 42). 
Admission after emergency surgery was seen in 7% 
(n = 20) and GvHD led to ICU admission in 3% (n = 10) 
of patients. Patients admitted the to ICU after scheduled 
surgery or after diagnostic procedures were excluded 
from analysis (n = 30). In order to display the complexity 
and multifactorial etiology for ICU admission, both rea-
sons for admission and concomitant organ dysfunctions 
during ICU stay were plotted in Fig. 1.

Median time between HSCT and ICU transfer was 
related to the reason for ICU admission (Fig. S2). Patients 

with cardiac events, respiratory failure, severe sepsis or 
GvHD required intensive care early after 21 (7–102), 69 
(17–226), 73 (11–249) and 93 (60–157) days post-HSCT. 
respectively (all ns). In contrast, patients with emer-
gency surgery were admitted after 341  days (44–1131, 
p < 0.01). Overall length of ICU stay was 4  days (2–10) 
and significantly different in survivors and non-survivors 
(3 vs. 6  days; p < 0.01). Depending on the main reason 
for admission, the median duration was 3 (2–5) days for 
patients with cardiac events, 3.5 (2–12) days after emer-
gency surgery and 4 (2–8) days in patients with severe 
sepsis. However, patients with respiratory failure or 
GvHD stayed significantly longer with a median dura-
tion of 6  days (2–13) and 6.5  days (2–15), respectively 
(p = 0.001).

Organ dysfunctions
During ICU stay, ARF occurred in 77% of the patients 
(n = 232). In half of these patients (50%, n = 116), ARF 
was caused by extra-pulmonary conditions [e.g. cardio-
genic pulmonary edema, extrapulmonary sepsis result-
ing in acute respiratory distress syndrome (ARDS)]. NIV 
was used as the primary approach in 39% of the patients 

Fig. 1  Organ dysfunctions
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(n = 91), with NIV failure requiring secondary intuba-
tion in 60% (n = 55) of those. IMV was used in 65% of the 
patients with ARF (n = 154) with a median ventilation 
time of 4 (2–12) days.

Cardiac events occurred in 47% of the patients 
(n = 139). In detail, 26% (n = 78) suffered from dysrhyth-
mia, 16% (n = 48) from cardiac failure and 2% (n = 7) 
from acute coronary syndrome.

Treatment with VP was necessary in 63% of the 
patients (n = 190), mainly due to septic shock, which 
occurred in 47% (n = 142). Gram-positive bacteria were 
isolated in 23% (n = 65), Gram-negative bacteria in 13% 
(n = 36) and both types of bacteria in 7% (n = 20). Fungal 
infections occurred in 21% (n = 60) and viral infections in 
26% (n = 69) of the patients.

A total of 75% (n = 223) of the patients suffered from 
acute kidney injury and RRT was initiated in half of 
those. Median duration of RRT was 4.5  days (2–11). 
MODS occurred in 83% of the patients (n = 249). Some 
of the patients (16%, n = 48) already had a recurrent or 
progressive hematologic disease after HSCT when admit-
ted to ICU.

Short‑term and long‑term survival
Median follow-up from HSCT for all patients was 
68 months. Admission to ICU was clearly associated with 
shorter survival (p < 0.001): In ICU patients 1-, 3- and 
5-year survival rates were 38, 22 and 18%, respectively. 
Patients who did not require ICU admission showed 1-, 
3- and 5-year survival rates of 78, 65 and 60%, respec-
tively (Fig. 2a).

To determine the impact of ICU on survival in a time-
dependent manner, a Cox proportional hazard ratio 
model was built to predict mortality rates for each day 
from the day after HSCT. While impact of ICU admis-
sion on mortality was quite strongly predictive for the 
early period after transplantation (13.5-fold), a significant 
decreased predictive power was found in patients admit-
ted later than day 100 (2.2-fold, p < 0.05; Fig. 3).

Fig. 2  Survival

Fig. 3  Time-dependent analysis
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For the short-term survival of critically ill HSCT recipi-
ents, both the main cause of admission as well as the 
therapeutic interventions were relevant: ARF, sepsis and 
cardiac events were associated with ICU survival rates 
of 38, 47 and 68%, respectively. The use of IMV, VP and 
RRT correlated with a significant decrease in ICU sur-
vival rates to 23, 34 and 28%, respectively (p < 0.001). A 
multivariate analysis for ICU survival as response vari-
able revealed significance for IMV, RRT and simplified 
acute physiology score (SAPS II). A reduced Karnofsky 
performance status at time of HSCT, use of IMV as life-
sustaining therapy and SAPS II were significantly associ-
ated with hospital mortality in multivariate analysis.

In summary, these data showed ICU, hospital and 
1-year survival rates after ICU admission of 54, 36 and 
25%, respectively. Remarkably, the post-discharge sur-
vival of ICU patients was comparable with survival of 
non-ICU patients at 5 years (48 vs. 60%, ns; Fig. 2b).

Graft‑versus‑host disease
Acute GvHD occurred in 47% (n = 422) of the patients, 
but itself did not correlate with ICU admission or ICU 
mortality. While mortality during ICU stay was not 
affected by the occurrence of GvHD, ICU survivors with 
acute GvHD presented a higher hospital mortality rate 
(27 vs. 73%, p < 0.01). This finding was independent of the 
severity of GvHD or response to corticosteroids (Table 2).

Changes over time
To identify differences or improvements over time, the 
study group was split into two cohorts: ICU admission 
from 2000 to 2006 (n = 117) vs. 2007–2013 (n = 183). 
Patient characteristics, data on ICU admission and stay 
for each group are listed in Table 2. Comparing the first 
and second period, patients were transplanted at an 
older median age, earlier after initial diagnosis and with 
a better Karnofsky performance status during the sec-
ond period. Longitudinal analysis revealed a significant 
drop in ARF (43 to 30%, p < 0.05), whereas other causes 
for ICU admission did not change over time. Patients 
with active acute GvHD were admitted less frequently 
(24 vs. 14%, p < 0.05). The severity of illness at time of 
ICU admission measured by SAPS II and APACHE II as 
well as the incidence of life-sustaining therapies (LST) 
remained stable over time (Table  2). However, for each 
LST (MV, VP or RRT), hospital mortality decreased by 
an average of 15 percentage points (Fig. S3). Especially 
in patients requiring one or two LST, survival improved 
by about 25 percentage points. (Fig. S4). The multivariate 
analysis revealed that only the use of LST in both cohorts 
was significantly correlated with hospital mortality.

Over time, ICU and hospital survival increased 
from 44 to 60% (p < 0.01) and from 26 to 43% (p < 0.01), 

respectively. The 1-, 3- and 5-year survival rates after ICU 
admission increased significantly from 14 to 32%, from 11 
to 23% and from 10 to 18%, respectively (p < 0.01; Table 2).

Discussion
To our knowledge, we here report the largest consecu-
tive single-center cohort of allogeneic HSCT recipients 
admitted to the ICU during the post-transplant period.

Over the years, patient characteristics and reasons for 
ICU admission changed. ARF as the main reason for 
ICU admission decreased. At the same time, ICU sur-
vival significantly increased from 44 to 60%. Long-term 
outcome of ICU survivors was comparable to non-ICU 
patients.

ICU admission
Median time from HSCT to ICU admission was 77 days 
and therefore in-line with published data [3, 4, 9, 26]. 
Compared to literature, our ICU admission rate of 35% 
was at the upper limit [3–5, 8, 9, 17, 26]. This might be 
due to the low barrier strategy for ICU admission at our 
institution. In contrast to recent recommendations [27], 
16% of the admitted patients had already experienced 
relapse or progression of their underlying disease with 
debatable indication for ICU transfer.

Organ dysfunction
Most of the published studies only reported one major 
reason for ICU admission. However, reality is more com-
plex as  it is mainly the combination of organ dysfunc-
tions that is responsible for ICU admission and outcome. 
Therefore, we identified the main as well as concomitant 
reasons for admission. As shown in Fig.  1, the develop-
ment of multiple organ failure occurs independently 
of the reason for ICU admission. For the majority of 
patients, the prognosis seems to be dependent on the 
existence of multi-organ (and not single-organ) failure 
when transferred to ICU (Fig. S4). These results have 
been confirmed by published data on the sepsis-related 
organ failure assessment (SOFA) score showing that two 
or three organ systems are frequently affected at admis-
sion [28]. However, it was crucial to determine that 
especially the increase of the score on day 3 in the ICU 
was predictive for mortality [6]. Therefore, MODS itself 
should not lead to primary refusal of HSCT patients as 
stated by Saillard et  al. [29]. It is well known now that 
early ICU admission is associated with better outcome 
in hematologic–oncologic patients [16], but resources to 
admit every HSCT recipient with a one-organ failure to 
ICU are not infinitely exploitable. In case of ICU admis-
sion, a reassessment on days 3 to 5 might help to iden-
tify the patients who will not benefit from prolonged ICU 
support.
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Table 2  Changes over time in ICU patients

Hematopoietic characteristics 2000–2006 (n = 117) 2007–2013 (n = 183) p value#

Age at HSCT, median (IQR) 48 (34–55) 52 (39–61) 0.005

Underlying disease, n (%) 0.328

 AML/MDS 55 (47.0) 105 (57.4)

 Lymphoid diseases 34 (29.1) 37 (20.2)

 CML/MPN 16 (13.7) 22 (12.0)

 Multiple myeloma 7 (6.0) 8 (4.4)

 Aplastic anemia 1 (0.9) 3 (1.6)

 Other 4 (3.4) 8 (4.4)

Disease in remission at HSCT 53 (45.3) 82 (44.8) 1.000

Months between ID and HSCT, median (IQR) 14 (6–32) 8.5 (4–26) 0.021

Conditioning regime 0.002

 Myeloablative 56 (47.9) 54 (29.5)

 RIC 61 (52.1) 129 (70.4)

Donor type 0.065

 Matched 95 (81.2) 130 (71.0)

 Mismatched 22 (18.8) 53 (29.0)

Karnofsky scoring at transplantation, n (%) 0.004

 ≥ 80% 99 (84.6) 174 (95.1)

 < 80% 18 (15.4) 9 (4.9)

ICU admission

 Age at ICU admission, median (IQR) 49 (35–56) 52 (41–62) 0.003

 Days between HSCT to ICU, median (IQR) 56 (24–201) 77 (10–263) 0.683

 Days between hospital and ICU admission‚ median (IQR) 18 (5–37) 14 (2–28) 0.004

Severity of illness at ICU admission

 Leukopenia, n (%) 32 (27.4) 73 (39.9) 0.150

 SAPS II, median (IQR) 51 (38–61) 47.5 (36–63) 0.413

 APACHE II, median (IQR) 22 (19–27) 21 (17–26) 0.209

Main reasons for ICU admission

 Respiratory failure, n (%) 50 (42.7) 55 (30.1) 0.03

 Sepsis, n (%) 22 (18.8) 48 (26.2) 0.18

 Cardiac events, n (%) 14 (12.0) 39 (21.3) 0.06

 GvHD, n (%) 4 (3.4) 6 (3.3) 1.0

 Emergency operative procedure 9 (7.7) 11 (6.0) 0.74

 Other, n (%) 18 (15.4) 24 (13.1) 0.70

Life sustaining therapies

 NIV, n (%) 37 (31.6) 58 (31.7) 1.000

 IMV, n (%) 61 (52.1) 72 (39.3) 0.039

 Vasopressor, n (%) 73 (62.4) 117 (63.9) 0.887

 RRT, n (%) 47 (40.2) 67 (36.8) 0.645

GvHD at ICU admission 0.088

 No GvHD 69 (60.5) 120 (72.3)

 aGvHD 27 (23.7) 24 (14.6)

  Grade III–IV 19 (70.4) 20 (83.3)

  Steroid-refractory 11 (40.7) 16 (66.7)

 cGvHD 18 (15.8) 22 (13.3)
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Short‑ and long‑term survival
ICU and hospital survival in our cohort were 54 and 36%, 
respectively, and therefore consistent with the reports of 
the most recently published studies [3, 4, 6, 17]. In line 
with other retrospective analyses, the initiation of NIV 
was not associated with higher mortality [3, 4, 26]. Other 
LST (IMV, VP, RRT) were related to worse outcome, as 
indicated by the literature [3–5, 17, 26]. We were able 
to show that the impact of ICU admission on mortal-
ity was highest immediately after transplantation, prob-
ably because of the high immunosuppressive level, which 
decreases consecutively by neutrophil engraftment, 
tapering of immunosuppressive therapy and immune 
reconstitution.

Orvain et  al. described that the early mortality in the 
context of intensive care is particularly determined by 
organ failure and not by acute GvHD [30]. In our cohort, 
neither ICU admission nor ICU or hospital mortality 
correlated with acute GvHD per se. However, ICU sur-
vivors suffering from acute GvHD showed a significantly 
higher hospital (and long-term) mortality. This finding 
appears to be independent of the severity of GvHD or the 
response to corticosteroids.

The few studies that have evaluated long-term survival 
in critically ill HSCT recipients report 1-year survival 
rates between 16 and 33% [4–6, 9, 17, 26]. Considering 
only patients who were discharged alive from hospital, 
the reported 5-year survival rates between 43 and 51% 
were encouraging [17, 26]. We observed a 1-year survival 
rate of 25% in all patients admitted to the ICU. However, 
the survival rate of patients discharged from the ICU and 
the hospital was as high as 48% at 5 years. This survival 
rate was not different from patients that had never been 
in the ICU (Fig. 2b).

Changes over time
As observed for other critically ill patients [13], ICU sur-
vival of HSCT recipients has dramatically improved over 
the last decades [3, 17]. To highlight improvements over 
time, patients were divided into two groups admitted to 

ICU between 2000–2006 and between  2007–2013. The 
main finding was that HSCT recipients admitted to the 
ICU during the later time period had an improved short-
term as well as long-term survival. Admission rates, time 
between HSCT and ICU, and reason for ICU admission 
did not change over time. Nevertheless, the percentage of 
respiratory failure as the leading cause for ICU admission 
dropped significantly from 43 to 30% and may explain 
the higher survival rate. This is in contrast to published 
data by Lengline et al. who described a stable rate of ARF 
[3]. The difference can may by attributed to four points: 
(A) improvement of prophylaxis and treatment for inva-
sive aspergillosis due to use of second generation azoles; 
(B) a higher rate of extrapulmonary reasons for ARF 
(e.g. cardiogenic pulmonary edema); (C) improved fluid 
management on our HSCT ward avoiding toxicity due 
to fluid overload; and (D) more generally a better patient 
selection.

Previously published data showed that the majority of 
HSCT recipients suffering from severe GvHD did not 
benefit from intensive care support. As a consequence, 
fewer GvHD patients were transferred, which partly may 
explain the better ICU survival (Table 2).

Moreover, hospital mortality decreased in all patients 
with LST, especially in patients with 1–2 treatment 
modalities. Since this cannot be explained by a younger 
or less sick patient population, the benefits could be pro-
vided due to the improvements in general intensive care 
medicine in recent years. Therefore, the results already 
described for cancer patients with ARDS are most likely 
transferable to the HSCT recipients [14].

Limitations
The main limitations of our study were the retrospec-
tive design and the single-center conduct. However, 
to homogenize dataset and  avoid potential bias due to 
analysis of patients after elective surgery or during condi-
tioning therapy, these were excluded. Patients with emer-
gency surgery as a complication of HSCT (e.g. cerebral 

Hematopoietic characteristics 2000–2006 (n = 117) 2007–2013 (n = 183) p value#

Survival

 ICU survival (first admission) 52 (44.4) 110 (60.1) 0.009

 Hospital survival 30 (25.6) 78 (42.6) 0.004

 Survival after ICU admission 0.002

  1-year survival 16 (13.7) 60 (32.4)

  3-year survival 13 (11.1) 47 (23.1)

AML acute myeloid leukemia, APACHE II acute physiology and chronic health evaluation II, CML chronic myeloid leukemia, (a/c)GvHD (acute/chronic) graft-vs-host dis-
ease, HSCT hematopoietic stem cell transplantation, ICU intensive care unit, ID initial diagnosis, IMV invasive mechanical ventilation, MDS myelodysplastic syndrome, 
MPN myeloproliferative neoplasm, NIV non-invasive ventilation, PBSC peripheral blood stem cells, RIC reduced intensity conditioning, RRT​ renal replacement therapy, 
SAPS II simplified acute physiology score II
#  Univariate analysis
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hemorrhage, intestinal perforation due to GvHD) were 
included.

Transferability of results and further developments
Admission policies vary between ICUs; therefore, our 
results are not transferable to other specialized cent-
ers. However, to improve data quality, we have set up a 
multicenter registry for critically ill hematological and 
oncological patients as a part of the Intensive Care in 
Hematological and Oncological Patients (iCHOP) net-
work under the auspices of the German and Austrian 
societies for oncology, hematology and intensive care.

Conclusion
In conclusion, ICU admission of HSCT recipients was 
associated with a dramatic decrease in overall sur-
vival. Nevertheless, short-term survival, particularly in 
patients requiring 1 or 2 LST, improved during the last 
years. Long-term survival in hospital-discharged patients 
was comparable to non-ICU patients. HSCT recipients 
should be considered for intensive care support in terms 
of full code or ICU trial.

Electronic supplementary material
The online version of this article (https​://doi.org/10.1007/s0013​4-018-5347-x) 
contains supplementary material, which is available to authorized users.

Abbreviations
ALL: Acute lymphoblastic leukemia; AML: Acute myeloid leukemia; APACHE 
II: Acute physiology and chronic health evaluation II; ARDS: Acute respira-
tory distress syndrome; ARF: Acute respiratory failure; CLL: Chronic lymphatic 
leukemia; CML: Chronic myeloid leukemia; COD: Concomitant organ dysfunc-
tion; EBMT: European Society for Blood and Marrow Transplantation; GvHD: 
Graft-versus-host disease; HSCT: Hematopoetic stem cell transplantation; ICU: 
Intensive care unit; ID: Initial diagnosis; IQR: Interquartile range; IMV: Invasive 
mechanical ventilation; LOD: Leading organ dysfunction; LST: Life-sustaining 
therapies; MDS: Myelodysplastic syndrome; MODS: Multiple organ dysfunction 
syndrome; MPN: Myeloproliferative neoplasm; NIV: Non-invasive ventilations; 
PBSC: Peripheral blood stem cells.

Author details
1 Department for Hematology, Hemostasis, Oncology and Stem Cell Trans-
plantation, Hannover Medical School, Hannover, Germany. 2 Interdisciplinary 
Internal Intensive Care Unit, Department for Respiratory Diseases and German 
Centre of Lung Research (DZL), Hannover Medical School, Hannover, Germany. 
3 Interdisciplinary Internal Intensive Care Unit, Department for Gastroenter-
ology, Hepatology, and Endocrinology, Hannover Medical School, Han-
nover, Germany. 4 Interdisciplinary Internal Intensive Care Unit, Department 
for Nephrology and Hypertension, Hannover Medical School, Braunschweig, 
Germany. 5 Intensive Care in Hematologic and Oncologic Patients (iCHOP), 
Hannover, Germany. 

Compliance with ethical standards

Informed consent and ethical approval
Informed consent for data collection was obtained from all individual partici-
pants (according to EBMT Registry forms) and approved by the local ethics 
committee. Our study was performed in accordance with the 1964 Declara-
tion of Helsinki and its later amendments.

Conflicts of interest

On behalf of all authors, the corresponding author states that there is no 
conflict of interest.

Received: 23 April 2018   Accepted: 10 August 2018

References
	1.	 Gratwohl A, Pasquini MC, Aljurf M, Atsuta Y, Baldomero H, Foeken L, 

Gratwohl M, Bouzas LF, Confer D, Frauendorfer K, Gluckman E, Greinix H, 
Horowitz M, Iida M, Lipton J, Madrigal A, Mohty M, Noel L, Novitzky N, 
Nunez J, Oudshoorn M, Passweg J, van Rood J, Szer J, Blume K, Appel-
baum FR, Kodera Y, Niederwieser D, Worldwide Network for B, Marrow T 
(2015) One million haemopoietic stem-cell transplants: a retrospective 
observational study. Lancet Haematol 2:e91–e100

	2.	 Denardo SJ, Oye RK, Bellamy PE (1989) Efficacy of intensive care for bone 
marrow transplant patients with respiratory failure. Crit Care Med 17:4–6

	3.	 Lengline E, Chevret S, Moreau AS, Pene F, Blot F, Bourhis JH, Buzyn A, 
Schlemmer B, Socie G, Azoulay E (2015) Changes in intensive care for 
allogeneic hematopoietic stem cell transplant recipients. Bone Marrow 
Transplant 50:840–845

	4.	 Mokart D, Granata A, Crocchiolo R, Sannini A, Chow-Chine L, Brun JP, 
Bisbal M, Faucher M, Faucher C, Blache JL, Castagna L, Furst S, Blaise D 
(2015) Allogeneic hematopoietic stem cell transplantation after reduced 
intensity conditioning regimen: outcomes of patients admitted to inten-
sive care unit. J Crit Care 30:1107–1113

	5.	 Pene F, Aubron C, Azoulay E, Blot F, Thiery G, Raynard B, Schlemmer B, 
Nitenberg G, Buzyn A, Arnaud P, Socie G, Mira JP (2006) Outcome of 
critically ill allogeneic hematopoietic stem-cell transplantation recipients: 
a reappraisal of indications for organ failure supports. J Clin Oncol 
24:643–649

	6.	 Platon L, Amigues L, Ceballos P, Fegueux N, Daubin D, Besnard N, Larcher 
R, Landreau L, Agostini C, Machado S, Jonquet O, Klouche K (2016) A 
reappraisal of ICU and long-term outcome of allogeneic hematopoietic 
stem cell transplantation patients and reassessment of prognosis factors: 
results of a 5-year cohort study (2009–2013). Bone Marrow Transplant 
51:256–261

	7.	 Scales DC, Thiruchelvam D, Kiss A, Sibbald WJ, Redelmeier DA (2008) 
Intensive care outcomes in bone marrow transplant recipients: a 
population-based cohort analysis. Crit Care 12:R77

	8.	 Torrecilla C, Cortes JL, Chamorro C, Rubio JJ, Galdos P, Dominguez de Vil-
lota E (1988) Prognostic assessment of the acute complications of bone 
marrow transplantation requiring intensive therapy. Intensive Care Med 
14:393–398

	9.	 Benz R, Schanz U, Maggiorini M, Seebach JD, Stussi G (2014) Risk factors 
for ICU admission and ICU survival after allogeneic hematopoietic SCT. 
Bone Marrow Transplant 49:62–65

	10.	 Afessa B, Tefferi A, Dunn WF, Litzow MR, Peters SG (2003) Intensive care 
unit support and acute physiology and chronic health evaluation III 
performance in hematopoietic stem cell transplant recipients. Crit Care 
Med 31:1715–1721

	11.	 Jackson SR, Tweeddale MG, Barnett MJ, Spinelli JJ, Sutherland HJ, Reece 
DE, Klingemann HG, Nantel SH, Fung HC, Toze CL, Phillips GL, Shepherd 
JD (1998) Admission of bone marrow transplant recipients to the inten-
sive care unit: outcome, survival and prognostic factors. Bone Marrow 
Transplant 21:697–704

	12.	 Gooley TA, Chien JW, Pergam SA, Hingorani S, Sorror ML, Boeckh M, 
Martin PJ, Sandmaier BM, Marr KA, Appelbaum FR, Storb R, McDonald GB 
(2010) Reduced mortality after allogeneic hematopoietic-cell transplan-
tation. N Engl J Med 363:2091–2101

	13.	 Zimmerman JE, Kramer AA, Knaus WA (2013) Changes in hospital mortal-
ity for United States intensive care unit admissions from 1988 to 2012. 
Crit Care 17:R81

	14.	 Azoulay E, Lemiale V, Mokart D, Pene F, Kouatchet A, Perez P, Vincent F, 
Mayaux J, Benoit D, Bruneel F, Meert AP, Nyunga M, Rabbat A, Darmon M 
(2014) Acute respiratory distress syndrome in patients with malignancies. 
Intensive Care Med 40:1106–1114

Author's personal copy

https://doi.org/10.1007/s00134-018-5347-x


	15.	 Pene F, Percheron S, Lemiale V, Viallon V, Claessens YE, Marque S, Charpen-
tier J, Angus DC, Cariou A, Chiche JD, Mira JP (2008) Temporal changes in 
management and outcome of septic shock in patients with malignancies 
in the intensive care unit. Crit Care Med 36:690–696

	16.	 Azoulay E, Mokart D, Pene F, Lambert J, Kouatchet A, Mayaux J, Vincent 
F, Nyunga M, Bruneel F, Laisne LM, Rabbat A, Lebert C, Perez P, Chaize 
M, Renault A, Meert AP, Benoit D, Hamidfar R, Jourdain M, Darmon M, 
Schlemmer B, Chevret S, Lemiale V (2013) Outcomes of critically ill 
patients with hematologic malignancies: prospective multicenter data 
from France and Belgium-a groupe de recherche respiratoire en reanima-
tion onco-hematologique study. J Clin Oncol 31:2810–2818

	17.	 Mayer S, Pastores SM, Riedel E, Maloy M, Jakubowski AA (2016) Short- and 
long-term outcomes of adult allogeneic hematopoietic stem cell trans-
plant patients admitted to the intensive care unit in the peritransplant 
period. Leuk Lymphoma 58:382–390

	18.	 Lueck CSM, Koenecke C, Hoeper MM, Dammann E, Schneider AS, 
Kielstein JT, Ganser A, Eder M, Beutel G (2016) “Outcome of allogeneic 
stem cell recipients admitted to the ICU-a single center analysis of 942 
patients“-Jahrestagung der Deutschen, Osterreichischen und Schweiz-
erischen Gesellschaften fur Hamatologie und Medizinische Onkologie 
Leipzig, 14–18. Oktober, Abstracts. Oncol Res Treat 39(Suppl 3):1–348

	19.	 Ullmann AJ, Schmidt-Hieber M, Bertz H, Heinz WJ, Kiehl M, Kruger W, 
Mousset S, Neuburger S, Neumann S, Penack O, Silling G, Vehreschild 
JJ, Einsele H, Maschmeyer G, Infectious Diseases Working Party of the 
German Society for H, Medical O, the D-K (2016) Infectious diseases in 
allogeneic haematopoietic stem cell transplantation: prevention and 
prophylaxis strategy guidelines 2016. Ann Hematol 95:1435–1455

	20.	 Thomas ED, Storb R, Clift RA, Fefer A, Johnson L, Neiman PE, Lerner KG, 
Glucksberg H, Buckner CD (1975) Bone-marrow transplantation (second 
of two parts). N Engl J Med 292:895–902

	21.	 Gratwohl A, Stern M, Brand R, Apperley J, Baldomero H, de Witte T, Dini G, 
Rocha V, Passweg J, Sureda A, Tichelli A, Niederwieser D, European Group 
for B, Marrow T, the European Leukemia N (2009) Risk score for outcome 
after allogeneic hematopoietic stem cell transplantation: a retrospective 
analysis. Cancer 115:4715–4726

	22.	 DA Karnofsky AW, Craver LF, Burchenal JH (1948) The use of the nitrogen 
mustards in the palliative treatment of carcinoma—with particular refer-
ence to bronchogenic carcinoma. Cancer 1:634–656

	23.	 Outcomes KDIG (2012) Section 2: AKI definition. Kidney Int Suppl (2011) 
2:19–36

	24.	 Le Gall JR, Lemeshow S, Saulnier F (1993) A new simplified acute physiol-
ogy score (SAPS II) based on a European/North American multicenter 
study. JAMA 270:2957–2963

	25.	 Levy MM, Fink MP, Marshall JC, Abraham E, Angus D, Cook D, Cohen J, 
Opal SM, Vincent JL, Ramsay G, International sepsis definitions C (2003) 
2001 SCCM/ESICM/ACCP/ATS/SIS International Sepsis Definitions Confer-
ence. Intensive Care Med 29:530–538

	26.	 Townsend WM, Holroyd A, Pearce R, Mackinnon S, Naik P, Goldstone AH, 
Linch DC, Peggs KS, Thomson KJ, Singer M, Howell DC, Morris EC (2013) 
Improved intensive care unit survival for critically ill allogeneic haema-
topoietic stem cell transplant recipients following reduced intensity 
conditioning. Br J Haematol 161:578–586

	27.	 Azoulay E, Soares M, Darmon M, Benoit D, Pastores S, Afessa B (2011) 
Intensive care of the cancer patient: recent achievements and remaining 
challenges. Ann Intensive Care 1:5

	28.	 Vincent JL, Moreno R, Takala J, Willatts S, De Mendonca A, Bruining H, 
Reinhart CK, Suter PM, Thijs LG (1996) The SOFA (Sepsis-related Organ 
Failure Assessment) score to describe organ dysfunction/failure. On 
behalf of the working group on sepsis-related problems of the European 
society of intensive care medicine. Intensive Care Med 22:707–710

	29.	 Saillard C, Blaise D, Mokart D (2016) Critically ill allogeneic hematopoietic 
stem cell transplantation patients in the intensive care unit: reappraisal of 
actual prognosis. Bone Marrow Transplant 51:1050–1061

	30.	 Orvain C, Beloncle F, Hamel JF, Thepot S, Mercier M, Kouatchet A, Farhi 
J, Francois S, Guardiola P, Asfar P, Hunault-Berger M, Mercat A, Ifrah N, 
Tanguy-Schmidt A (2017) Different impact of the number of organ 
failures and graft-versus-host disease on the outcome of allogeneic stem 
cell transplantation recipients requiring intensive care. Transplantation 
101:437–444

Author's personal copy


	Improved short- and long-term outcome of allogeneic stem cell recipients admitted to the intensive care unit: a retrospective longitudinal analysis of 942 patients
	Abstract 
	Purpose: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Patients and methods
	Patients
	Data collection
	Statistical analysis

	Results
	Patient characteristics
	ICU admission
	Organ dysfunctions
	Short-term and long-term survival
	Graft-versus-host disease
	Changes over time

	Discussion
	ICU admission
	Organ dysfunction
	Short- and long-term survival
	Changes over time
	Limitations
	Transferability of results and further developments

	Conclusion
	References




