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Changes in intensive care for allogeneic hematopoietic stem
cell transplant recipients
E Lengliné1,2, S Chevret3,4, A-S Moreau1, F Pène5, F Blot6, J-H Bourhis7, A Buzyn8,9, B Schlemmer1, G Socié2,10 and E Azoulay1,4

Intensive care unit (ICU) admission is associated with high mortality in allogeneic hematopoietic stem cell transplant (HSCT)
recipients. Whether mortality has decreased recently is unknown. The 497 adult allogeneic HSCT recipients admitted to three ICUs
between 1997 and 2011 were evaluated retrospectively. Two hundred and nine patients admitted between 1997 and 2003 were
compared with the 288 patients admitted from 2004 to 2011. Factors associated with 90-day mortality were identified. The recent
cohort was characterized by older age, lower conditioning intensity, and greater use of peripheral blood or unrelated-donor graft. In
the recent cohort, ICU was used more often for patients in hematological remission (67% vs 44%; Po0.0001) and without GVHD
(73% vs 48%; Po0.0001) or invasive fungal infection (85% vs 73%; P= 0.0003) despite a stable admission rate (21.7%). These
changes were associated with significantly better 90-day survival (49% vs 31%). Independent predictors of hospital mortality were
GVHD, mechanical ventilation (MV) and renal replacement therapy (RRT). Among patients who required MV or RRT, survival was
29% and 18%, respectively, but dropped to 18% and 6% in those with GVHD. The use of ICU admission has changed and translated
into improved survival, but advanced life support in patients with GVHD usually provides no benefits.
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INTRODUCTION
Allogeneic hematopoietic stem cell transplantation (HSCT) is
increasingly used for the treatment of malignant and nonmalig-
nant hematologic diseases.1 In many situations, HSCT is con-
sidered to be more effective than chemotherapy for preventing a
relapse or achieving a cure. HSCT is now the standard of care for
numerous diseases including high-risk acute leukemia,2 myelo-
dysplastic syndromes3 and aplastic anemia.4 HSCT is gaining
ground as a salvage procedure for hematologic malignancies that
respond poorly to chemotherapy.5 Nevertheless, HSCT is asso-
ciated with numerous and potentially life-threatening adverse
events including opportunistic infections,6 conditioning-regimen
toxicity, GVHD7 and relapse. Thus, 15–20% of HSCT recipients
require intensive care unit (ICU) admission.8,9

Several studies suggest that ICU admission of allogeneic HSCT
recipients may fail to provide benefits. Hospital mortality was as
high as 95% among HSCT recipients who required invasive life-
sustaining interventions.10–13 However, these data remain
controversial,8 as they come chiefly from small single-center
retrospective studies with a mix of autologous and allogeneic
HSCT recipients. In a large cohort of allogeneic HSCT recipients
with life-threatening complications, we showed that ICU admis-
sion was beneficial in a subset of patients but that outcomes were
dismal in patients who required invasive mechanical ventilation
(MV), exhibited severe acute GVHD, or were admitted to the ICU
for 430 days post transplantation.9

Recent reports point to changes in HSCT procedures.14

Conditioning regimens are less toxic and the incidence of GVHD

has decreased. Various cell sources are used, and the indications
and age range for HSCT have been expanded.15 Moreover,
advances in the management of critically ill HSCT recipients have
been achieved.16 Earlier and less-invasive management has
proved more effective in this population.17–19 Finally, ICU triage
policies have shifted toward the admission of patients who have
the best chances of recovering from life-threatening complica-
tions. For instance, patients with uncontrolled GVHD and/or
refractory malignant disease are now deemed poor candidates for
ICU admission.
Whether these changes in HSCT procedures and in ICU

admission and management have affected the outcomes of HSCT
recipients with life-threatening complications is unknown. Should
these changes be associated with decreased mortality, a
reappraisal of the determinants of mortality and of admission
policies would be warranted.
We therefore performed a multicenter study to assess the

impact of recent changes on hospital mortality of HSCT recipients
admitted to the ICU. We compared two cohorts, one studied
previously and composed of patients admitted to the ICU in
1997–2003 and the other established for this study and composed
of patients admitted to the ICU in 2004–2011.

PATIENTS AND METHODS
Patients
Consecutive adults (416 years) admitted over a 14-year period
(1997–2011) to the ICUs of three tertiary-care centers specialized in
managing HSCT patients (Saint-Louis Hospital, Paris; Cochin Hospital, Paris
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and Gustave Roussy Institute, Villejuif, all in France) were included if they
had received allogeneic HSCT. We separated the patients admitted
between January 1997 and December 2003, who had been included in
an earlier study,9 from the patients admitted between January 2004 and
August 2011. Before transplant, all patients provided both written HSCT
procedure consent and anonymous data-recording consent, in accordance
with the Declaration of Helsinki, after receiving full information about
benefits and risks (including GVHD, organ failure and death) of the
procedure.

HSCT procedures
The stem cells were mobilized peripheral blood cells, bone marrow cells or
cord-blood cells. Various conditioning regimens were used. Myeloablative
conditioning regimens included either high-dose BU (48mg/Kg orally or
i.v. equivalent) or high-dose total body irradiation (⩾8 Gy fractionated
dose), both combined with CHOP. Regimens not meeting these criteria
were classified as reduced-intensity conditioning.20 All patients received
GVHD prophylaxis with CsA plus MTX or CsA plus mycophenolate mofetil
or CsA alone according to local guidelines that were afterwards stated by
international recommendations.21 Methylprednisolone (41mg/Kg/day)
was introduced promptly as first-line treatment in case of acute GVHD
symptoms. Second-line treatments varied across centers and study
periods.

ICU admission policy
In all three centers, the transplant team determined HSCT indications and
chose conditioning regimens and GVHD prophylaxis according to guide-
lines. In patients with life-threatening complications, the hematologists
and intensivists in charge of the patient decided together whether to
admit the patient to the ICU, at the time of clinical deterioration or
prophylactically. In all three centers, hematologists and intensivists were
on site 24/7.
Reasons for ICU admission were recorded on the basis of main

symptoms at ICU admission. Acute respiratory failure was defined as
oxygen saturation o90% or PaO2 o60mmHg on room air combined
with severe dyspnea at rest with an inability to speak in sentences or a
respiratory rate 430 breaths/min or clinical signs of respiratory distress.17

Shock was defined as previously reported.22 Life-supporting interventions,
antimicrobial agents, prophylactic treatments and diagnostic procedures
were administered at the discretion of the attending intensivists, who
followed best clinical practice and guidelines. Successful noninvasive
ventilation (NIV) was defined as NIV not followed by MV. Corticosteroids,
hematopoietic growth factors, immunosuppressive drugs and other
cancer-related treatments were prescribed by the hematologist in charge
of each patient in accordance with institutional guidelines. Neutropenia
was defined as a neutrophil count o0.5 Giga/L. Invasive aspergillosis was
defined according to EORTC/MSG guidelines.23

Data collection
The data were extracted from the medical charts. The ICU admission date
was used to compute survival lengths and outcomes. Disease stages were
defined according to international guidelines as remission, progression or
chronic phase. We considered only cases of acute GVHD that met all
published criteria and were greater than grade 2.24 Histological
documentation was available in the vast majority of cases. MV was not
considered if used for a scheduled procedure. In patients with multiple ICU
admissions, only the first admission after HSCT was analyzed.

Statistical analysis
The data were described as percentage for discrete variables and median
(interquartile range) for continuous variables. Fisher’s exact test and
Wilcoxon’s nonparametric rank sum test, respectively, were used to
compare these two types of variables. ICU survival was determined on the
basis of a nonparametric estimate of the cumulative incidence function,
considering ICU discharge as an event competing with death during the
ICU stay. Gray’s test was used to compare cumulative incidence functions.
Kaplan–Meier plots were constructed to estimate 90-day survival. Cox

regression models were used to identify factors associated with death
within 90 days in the recent cohort. All parameters significantly associated
with 90-day survival with Po0.05 by univariate analyses were included in
the multivariate Cox regression model.

All statistical tests were two-sided, with P-values ⩽ 0.05 indicating
statistical significance. Statistical analyses were performed using SAS 9.3
(SAS Inc., Cary, NC, USA) and R 2.14.0 (http://www.R-project.org/) packages.

RESULTS
Over the study period, 2286 allogeneic HSCT procedures were
performed in the three centers. ICU admission rates were 22.8%
and 20.4% in the recent and early periods, respectively (P= 0.17)
(Figure 1).

HSCT procedures
Throughout the study period, 497 HSCT recipients were admitted
to the ICUs in the three centers (Saint-Louis: 213; IGR: 185; and
Cochin, 99), including 209 patients in 1997–2003 and 288 in
2004–2011. HSCT techniques (Table 1) changed over the study
period, becoming more heterogeneous as a result of tailoring to
patient age and comorbidities, whereas previously sibling-donor
bone marrow transplantation preceded by myeloablative con-
ditioning was the standard method. In the recent cohort, HSCT
recipients were older (48 vs 41 years, Po0.0001), a finding
probably relevant to the greater use of reduced-intensity
conditioning in recent years (Supplementary Figure 1). In the
recent cohort, significantly fewer patients underwent HSCT for
CML and significantly more patients received HSCT for mature
lymphoid malignancies and myelodysplastic syndromes. This
translated into an increase in the time from diagnosis to HSCT
in the recent period (16 (6–48) vs 12 months (6–26), P= 0.008). The
median European Group for Blood and Marrow Transplantation
risk score was 3 (2–5) in the recent cohort.

HSCT characteristics at ICU admission
Table 2 shows patient characteristics at ICU admission and
management according to study period. In patients not admitted
directly to the ICU, admission occurred 19 days after hospital
admission with no differences across admission periods (19 (7–33)
vs 19.5 (6–30) days). ICU admission occurred for 430 days
after HSCT in 37% and 33% of the recent and early cohort
patients, respectively (P= 0.28). Implementation of recent triage
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Figure 1. Patient flow diagram. HSCT, hematopoietic stem cell
transplant; ICU, intensive care unit; aGVHD, acute GVHD.
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policies6,9,25 was illustrated by significant reductions in the
proportions of patients admitted with severe acute GVHD grade
3–4, high-dose steroid treatment or uncontrolled hematological
disease or fungal infection (Table 2).
In the recent cohort, ICU admission was more frequently used

for patients who required intensive monitoring (10% vs 2%),
whereas severe kidney injury at ICU admission was significantly
less common. These changes translated into a decrease in organ
dysfunctions in the recent cohort, with a SOFA score at ICU
admission of 7 (4.25–9) vs 8 (5–11) in the early cohort, whereas
overall severity measured by the SAPSII remained stable (42
(33–56) vs 41 v30–57); P= 0.49). NIV was more often successful in
the recent cohort (51 vs 33%; P= 0.03) MV duration was shorter,
suggesting benefits from earlier ICU admission and faster initiation
of life-sustaining treatments. Coma was a stable purpose of
admission and accounted for 29 (10%) patients, whereas altered
mental status was present in 58 (20%) mostly in combination to
hypoxemia or septic shock.

Hospital survival
Table 2 shows the main outcomes according to study period.
Hospital mortality was significantly lower in the recent cohort in all
three centers and the decrease was greatest in the subgroup
requiring MV (3-month mortality after MV, 70% vs 84% in the early
cohort) (Figure 2) or vasoactive drugs. Nearly all patients managed

with renal replacement therapy (RRT) died in both cohorts.
Mortality did not decrease over time in the subset of patients
managed without life-sustaining interventions. MV use in patients
with GVHD grade 3–4 was associated with high day-90 mortality
rates in the recent and early cohorts (82% and 85%, respectively)
(Figure 2). Only three patients mechanically ventilated with acute
GVHD grade 3–4 remain long-time survivors in the recent cohort
(91% OS rate).

Table 1. Characteristics of hematopoietic stem cell transplant
recipients during the two study periods

Recent
cohort

Historical
cohort

P-value

2004–2011 1997–2003

n 288 209
HSCT procedures 1261 1025
Age in years, median (IQR) 48 (32–56) 41 (29–49) o0.0001
Males, n (%) 191 (67) 118 (56) 0.03
Reason for HSCT, n (%) o0.0001
AML 87 (30) 66 (32)
ALL 56 (19) 40 (19)
MDS 25 (9) 11 (5)
CML 8 (3) 34 (16)
Mature lymphoid
malignancy

84 (29) 43 (20)

Other 24 (10) 15 (8)
Time from diagnosis to HSCT
in months median (IQR)

16 (6–49) 12 (6–27) 0.008

Status at transplantation,
n (%)

0.83

CR/chronic phase 210 (73) 150 (72)
PR/progressive 78 (27) 59 (28)

Conditioning regimen, n (%) o0.0001
Reduced intensity 131 (46) 21 (10)
Myeloablative 153 (54) 188 (89)
TBI overall 161 (60) 136 (65) 0.03
TBI 410 Gy 82 (28) 132 (63) o0.0001
ATG 55 (21) 56 (27)

Source of stem cells, n (%) o0.0001
PB stem cells 183 (67) 59 (28)
BM 55 (20) 141 (67)
Cord blood 34 (12) 9 (4)

Donor type, n (%) o0.0001
HLA-identical sibling 126 (46) 146 (70)
HLA-matched unrelated
donor

99 (37) 60 (29)

HLA-mismatched 46 (17) 3 (1)

Abbreviations: ATG= antithymocyte globulin; HSCT= hematopoietic SCT;
IQR= interquartile range; MDS=myelodysplastic syndrome.

Table 2. Characteristics of the patients at ICU admission and
outcomes according to the study period

Recent
cohort

Historical
cohort

P-value

2004–2011 1997–2003

n 288 209
Disease status at ICU
admission, n (%)

o0.0001

CR 183 (67) 92 (44)
PR or progressive or chronic
phase

91 (33) 117 (56)

Time from transplant to ICU
(days), median (IQR)

72 (14–239) 75 (20–190) 0.68

Time from hospital admission
to ICU (days), median (IQR)

14 (1–26) 9.5 (0–23)

HSCT complications at ICU admission, n (%)
Acute GVHD grade 42 77 (27) 109 (52) o0.0001
Steroids 40.5 mg/Kg 106 (36) 104 (50) 0.004
Veno-occlusive disease 14 (5) 12 (6) 0.69
Thrombotic
microangiopathy

17 (6) 23 (11) 0.05

CMV reactivation 43 (15) 29 (14) 0.8
Invasive fungal infection 41 (14) 57 (27) 0.0003
Gram-negative bacteremia 52 (18) 25 (14) 0.26

Organ dysfunction at ICU admission, n (%)
Acute respiratory failure 180 (62) 134 (64) 0.78
Shock 98 (34) 46 (22) 0.004
Acute kidney injury 123 (42) 56 (27) 0.0003
Coma 58 (20) 18 (9) 0.0004
Liver dysfunction 43 (14) 8 (4) o0.0001
Monitoring 30 (10) 4 (2) 0.0001

ICU severity scores at admission, median (IQR)
LOD 5 (3–8) 6 (4–9) 0.005
SAPSII 42 (33–56) 41 (30–57) 0.49
SOFA 7 (4.25–9) 8 (5–11) 0.012

Life sustaining therapies during ICU
Noninvasive ventilation,
n (%)

82 (28) 66 (31) 0.49

Number of days with NIV,
median (IQR)

0 (0–1) 0 (0–1) 0.23

NIV not followed by MV
(% of NIV), n (%)

42 (51) 22 (33) 0.029

Invasive mechanical
ventilation, n (%)

126 (44) 122 (58) 0.001

Number of days with MV,
median (IQR)

0 (0–5) 2 (0–6) 0.017

Catecholamines, n (%) 123 (43) 99 (47) 0.31
Renal replacement
therapy, n (%)

57 (20) 59 (29) 0.018

ICU mortality, n (%) 86 (30) 108 (52)
Day-90 mortality, n (%) 148 (51) 144 (69)
Hospital mortality, n (%) 138 (48) 141 (67)

Abbreviations: ICU= intensive care unit; IQR= interquartile range;
LOD= logistic organ dysfunction; MV= invasive mechanical ventilation;
NIV= noninvasive ventilation; SAPSII= Simplified Acute Physiology Score
version II; SOFA= Sequential Organ Failure Assessment.
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The main causes of death in the recent cohort were infections
(30.6%), malignancy relapse (12.6%), other defined noninfectious
complications (35.7%), including veno-occlusive disease in 5% and
thrombotic microangiopathy in 3.5%, and organ failures of
unknown cause (13%). Treatment-limitation decisions were
implemented in 47% and 12% of patients who died in the recent
and early cohorts, respectively (Po0.0001).

Independent predictors of hospital mortality
In the univariate analysis of day-90 mortality in the 2004–2011
cohort (Supplementary Table 1), demographic parameters, HSCT
modalities and neutropenia had no influence on the risk of death.
GVHD grade 3–4 and number of organ dysfunctions at ICU
admission were the main determinants of mortality. The risk of
death was increased twofold in the small subset of patients
admitted with CMV reactivation or invasive fungal infections other
than invasive aspergillosis. However, hazard ratio of day-90
mortality did not changed significantly between the two periods
for patients with invasive aspergillosis (Supplementary Table 2).
As there were no major differences in patient’s characteristics

with the early cohort, we looked for interactions between period
and effects of all covariates on risk of death. Acute respiratory
failure, acute renal failure and CMV reactivation had a greater
impact on the risk of death in the recent cohort (Supplementary
Table 3).
In the multivariate analysis of day-90 mortality in the 2004–2011

cohort, three variables independently predicted death, namely,
RRT, MV and GVHD grade 3–4 (Table 3).

DISCUSSION
The survival of HSCT recipients admitted to the ICU has improved
in recent years. Although the proportion of HSCT recipients
admitted to the ICU has remained unchanged, modifications in

HSCT practices and changes in ICU triage have decreased the ICU
admission of patients with refractory malignancies, uncontrolled
GVHD or invasive fungal infections. Earlier ICU admission in recent
years has increased the use of NIV. Finally, most patients with
acute GVHD who required MV died.
The characteristics of HSCT recipients admitted to the ICU and

those of the overall HSCT recipient population have changed in
several ways over time and we thus decided not to confine our
analysis to a homogeneous subgroup of patients in order account
for these changes. In the early cohort, myeloablative conditioning
was used in the vast majority of the patients, who therefore had a
period of profound neutropenia associated with a high risk of
bacterial or fungal sepsis.9 in the past, the time from HSCT to ICU
admission predicted recovery from the critical illness in parallel
with neutrophil count restoration. Now, however, reduced-
intensity conditioning is widely used in HSCT centers, as
documented by many cohort studies,26,27 and time to ICU
admission is no longer a relevant predictor. The use of peripheral
blood stem cells and unrelated donors has been reported to
increase the rate of chronic and acute GVHD, respectively.28,29

However, these two modalities had no influence on mortality in
our study, perhaps as a result of our ICU admission policies, acute
GVHD grade 3–4 remains the strongest predictor by far of post-
ICU survival in patients requiring life-sustaining interventions. In
several cohorts of allogeneic HSCT recipients, nearly all severe
GVHD patients who were given MV died.8,30–34 Steroid sensitivity
over time and the active or remission status of GVHD at ICU
admission are crucial factors but are rarely assessed. Whether
these factors may explain the improved survival in our recent
cohort is unknown. Also, biological data are lacking to explain the
detrimental interaction between GVHD and 490% mortality after
life-sustaining interventions.
Our study provides information about the role for concomitant

infection. CMV reactivation is associated with direct organ
toxicities35 and with treatment-related BM and kidney damage.
Moreover, it is a surrogate for the underlying immunosuppression
and has consistently been reported to affect outcomes of
allogeneic HSCT recipients, as well as of all ICU patients with
immunosuppression-related acute illnesses.36,37 Finally, invasive
aspergillosis is not associated with impaired outcomes presumably
owing to the widespread use of active antifungal therapies,
whereas other invasive fungal infections still remain of adverse
prognostic significance.38

A possible explanation for the improved survival in our recent
cohort is ICU admission at an earlier phase of organ dysfunction.
ICU admission with one or no organ failure is associated with
better performance of therapeutic and diagnostic procedures.16,17

Although organ dysfunction severity was not significantly
different between our two cohorts, patients in the recent cohort
more often received one or no life-sustaining interventions (65%
vs 55%), probably as a result of earlier admission. Earlier, NIV
initiation increases the success rate of this intervention.39 Survival
did not increase among patients who required RRT. Many factors
can cause kidney damage, which is extremely common and
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Figure 2. OS according to the presence of acute GVHD grade 42
and to the use of mechanical ventilation. aGVHD, acute GVHD; MV,
invasive mechanical ventilation; ICU, intensive care unit.

Table 3. Multivariate analysis of 90-day mortality in the recent cohort

HR 95% CI P-value

Age 1.01 (1.0; 1.2) 0.15
Renal replacement therapy 1.99 (1.34; 2.97) o0.001
Invasive mechanical ventilation 2.25 (1.57; 3.22) o0.001
GVHD 1.54 (1.19; 1.99) o0.001
ICU admission for monitoring 0.76 (0.41; 1.42) 0.4
Emerging invasive fungal infection 1.45 (0.69; 3.04) 0.33

Abbreviations: HR=hazard ratio; ICU= intensive care unit; 95% CI= 95%
confidence interval.
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affects the prognosis in HSCT recipients.40,41 In both cohorts, 95%
of patients managed with RRT died after a median of o2 weeks
after ICU admission. In the vast majority of these patients, renal
failure was associated with sepsis at the terminal stage of multiple
organ failure.
The main finding from our study is that allogeneic HSCT

recipients fall into two categories. Patients admitted without
severe GVHD and before the development of multiple organ
failure should be considered for full-code ICU management
regardless of their transplant characteristics, as their chances of
survival are similar to those of other patients with immunosup-
pression. On the other hand, patients with uncontrolled GVHD, or
refractory hematological disease still have dismal outcomes after
ICU admission and should therefore be offered high-quality
palliative care without invasive procedures. Very few data are
available about treatment-limitation decisions for HSCT recipients,
and the factors that determine the intensity of care in this
population are unknown. The increase in the observed treatment-
limitation decisions may have been the result of an increasing
proportion of patients admitted for an ICU trial.25 Indeed, it was
shown already that the evolution after few days of organ failures
number was a robust prognosticator of short-term survival and
thus futile prolonged ICU stay in these patients.
Our study has several limitations. We compared a recent cohort

with a historical cohort included in an earlier study by our group,
and the data for both cohorts were collected retrospectively. This
study design allowed us to detect changes between the two time
periods but provided no information on the reasons for those
changes. Implementation of ICU admission policy guidelines
should be a priority for transplantations center to help clinicians
to deal with this decision and a prospective evaluation of such
implementation will surely help us to better discriminate the areas
of further advances needs. One possible reason for an improve-
ment in survival is a decrease in the severity of the acute illness or
underlying hematological disease. Acute illness severity was
similar during the two periods, however, as shown by the organ
dysfunctions; SAPSII; and use of MV, vasoactive drugs and RRT. All
three centers are specialized in HSCT, and their ICUs and
intensivists have considerable experience with HSCT recipients.
Case volume affects the outcomes of these patients,42 and our
findings may therefore have limited applicability to less experi-
enced centers. However, allogeneic HSCT is a highly sophisticated
treatment that should be delivered in specialized centers with
specialized ICUs.
In summary, although HSCT procedures have changed over

time, MV in patients with severe GVHD remains associated with
dismal survival rates. In contrast, full-code ICU management
should be offered to other critically ill HSCT recipients, as their
survival rates have improved. Hematologists and intensivists
should continue to work to build formal recommendations
regarding appropriate care intensity for allogeneic HSCT recipients
with critical illnesses. Such guidelines would also help clinicians
provide clear information to their patients.
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