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Background and Objectives. In children, hematopoi-
etic stem cell transplantation (HSCT) implies life-
threatening complications and some patients need
admission to a pediatric intensive care unit (PICU).
Few studies have been reported analyzing this issue
in a pediatric population and most focused on risk
factors predicting survival following PICU admission.

Design and Methods. We examined data of 240
pediatric patients who received HSCT (100 allo-
geneic and 140 autologous) in order to ascertain
the incidence of life-threatening complications
requiring PICU admission, the contributing risk fac-
tors and the patients’ long-term survival.

Results. Forty-two (17.5%) (25 males and 17
females) of the transplanted children were admitted
to the PICU. Twenty-nine of them (69%) had
received an allogeneic transplant and thirteen
(31%) an autologous transplant. Their median age
was 7 years (range; 1-18). The most frequent rea-
son for admission was respiratory failure (37 cas-
es, 88%). The overall probability of developing com-
plications requiring PICU admission was 21.2%
(33.5% for allogeneic transplantation and 10.1%
for patients receiving autologous grafts, p=0.0002).
On univariate analysis, only the type of transplan-
tation was significantly associated with PICU admis-
sion (allogeneic vs autologous RR 1.92, 95% ClI:
1.46-2.53)(p = 0.0001). In allogeneic transplants,
only the underlying disease (non-malignant) and
the status of disease at transplantation within
malignant diseases (advanced phase) were pre-
transplant variables associated with PICU admis-
sion. Post-transplantation risk factors were pres-
ence of graft-versus-host disease (GvHD) (p =
0.046) and its grade (lI-1V) (p = 0.002), as well as
the presence of multiorgan dysfunction during the
early post-infusion phase especially when the lung
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was the first failing organ (p = 0.0001). However,
on multivariate analysis, only severe GvHD was sta-
tistically significant. In the autologous transplanta-
tion group, the underlying disease (solid tumor, p =
0.07) and status at transplantation (advanced
phase, p = 0.0029) were the only risk factors. In the
post-transplant phase, patients who develop multi-
organ dysfunction during the neutropenic period and
those with engraftment syndrome had an increased
risk of requiring critical care. The overall event-free
survival (EFS) at 3 years was 15.3%, (18.4% for
autologous transplant recipients and 13.7% for
those receiving an allogeneic graft, p = 0.4). Using
a Cox regression model, multiorgan failure (MOF)
present at admission was the only variable that had
a negative impact on EFS (4.28% vs 35.71% for
patients with no MOF, p = 0.016).

Interpretation and Conclusions. Despite high mor-
tality, intensive care support can be beneficial for
pediatric patients with life-threatening complica-
tions following HSCT. However, for patients with mul-
tiorgan failure involving the lungs, admission to the
PICU should be avoided.
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(HSCT) from bone marrow, peripheral blood

or cord blood is the only curative treatment
for some pediatric patients with malignant and
non-malignant conditions. However, this proce-
dure may cause life-threatening complications
especially in the early post-transplant phase.
Therefore, some patients need admission to a spe-
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cialized pediatric intensive care unit (PICU). To date
few studies have been reported analyzing this issue
in a pediatric population and they have mainly
focused on risk factors predicting survival follow-
ing PICU admission. To the best of our knowledge,
there are only two reported studies analyzing asso-
ciations between pre-transplant and post-trans-
plant factors with PICU admission and factors pre-
dicting long-term survival.12 We examined our
experience on pediatric patients who received
HSCT in order to ascertain the incidence of life-
threatening complications requiring admission to
a PICU, the contributing risk factors and the
patients’ long-term survival.

Design and Methods

Study design and patients’ characteristics

All patients who underwent a first allogeneic or
autologous hematopoietic transplantation at the
Nifio Jesus Children Hospital between November
1993 and January 2001 (n=240) were included in
our study. As of June 2001, the minimal follow-up
period from time of transplant was 6 months. All
data were retrieved from clinical information col-
lected prospectively during the transplantation pro-
cedures. Patients’ characteristics, including demo-
graphic data, underlying diseases, their status at
transplant, source of hematopoietic stem cells and
HSCT-related parameters are shown in Table 1. Con-
ditioning regimens varied according to underlying
disease and type of transplantation. In general,
patients over 5 years old with acute lymphoblastic
leukemia (ALL) were conditioned with total body
irradiation (TBI)(12 Gy fractionated in 6 sessions)
plus cyclophosphamide (120 mg/kg total dose in 2
days). ALL patients under five years old and acute
myelogenous leukemia patients were conditioned
with busulphan (BU)(16 mg/kg total dose in 4 days)
and cyclophosphamide (120 mg/kg total dose in 2
days). Most patients with solid tumors received
busulphan-containing regimens.? In the autologous
setting, mobilized peripheral blood progenitor cells
were used as the sole source of stem cells. Details
of the mobilization protocols and collection proce-
dures used have been previously reported else-
where.*

Graft-versus-host disease (GvHD)
prophylaxis

For patients receiving allogeneic transplants, dif-
ferent GvHD prophylaxis regimens were used
according to institutional protocols or co-operative
trials. GvHD was diagnosed and graded according
to standard criteria.®

Table 1. Characteristics of 240 hematopoietic stem cell
recipients.

Autologous transplant
recipients, n=140 (%)

Allogeneic transplant
recipients, n=100 (%)

Age years

median (range) 8(1-18) 7(1-18)
Gender

Male 89 (63) 58 (58)

Female 51(37) 42 (42)
Diagnosis

ALL 17(12) 51(51)

AML 18 (13) 9(9)

CML 15 (15)

HD 5(3.5) 1(1)

NHL 12 (9) 1(1)

Solid tumors 88 (63)

Immunodeficiency 5(5)

Osteopetrosis 5(5)

Severe aplastic anemia 5(5)

Adrenoleukodystrophy 6(6)

Thalassemia 1(1)

Histiocytosis 1(1)
Disease status at transplantation

Early 66 (47) 29 (39)

Intermediate 30(21) 21(28)

Advanced 44(32) 25(33)
Source of stem cells

Bone marrow 40 (40)

Peripheral blood 140 (100) 44 (44)

Cord blood 16 (16)
Type of allogeneic transplantation

Related identical HLA 54 (54)

Related non-identical HLA 12 (12)

Unrelated identical HLA 19(19)

Unrelated non-identical HLA 15 (15)
Conditioning

Cy-TBI 11(8) 34(34)

BuCy 30(21) 42 (42)

BuMel 48 (34) 1(1)

BuTh 16 (11)

Other 35(25) 23(23)
GvHD prophylaxis

Csa+MTX 58 (58)

Csa+ PRD 16 (16)

Csa 26 (26)
Cytokines post-infusion

Yes 104 (74) 56 (56)

No 36 (26) 44 (44)

Abbreviations: ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia;
CML, chronic myeloid leukemia, HD, Hodgkin's disease; NHL, non-Hodgkin’s
lymphoma; Cy, cyclophosphamide; TBI, total body irradiation; Bu, busulphan;
Mel, melphalan; Th, thiotepa; Csa, cyclosporin A; MTX, methotrexate;

PRD, prednisone.
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Definitions

Only patients needing critical care such as
mechanical ventilation for respiratory failure or
acute neurologic events or multiorgan failure or
hemodynamic support with inotropic drugs other
than dopamine and dobutamine or dialysis for olig-
uric renal failure were admitted to a PICU. Organ
dysfunction and failure were defined according to
criteria previously reported by other authors.s7
Engraftment syndrome was defined as the presence
of fever, rash, and evidence of respiratory dysfunc-
tion during the peri-engraftment period in the
autologous setting.8

Statistical analysis

The patients’ demographic data, disease and
HSCT-related variables were analyzed for associa-
tion with PICU admission by univariate and multi-
variate analysis using a logistic regression model.
The probabilities of PICU admission and event-free
survival (EFS) after this were estimated by the
Kaplan-Meier method.® Time was censored at
relapse or death or last follow-up if none of the
previous events ocurred. The log-rank test was used
to compare survival curves. Statistical analyses
were carried out for the whole group and separately
for autologous and allogeneic transplant recipients.
Results are presented as relative risk (RR) and 95%
confidence intervals (Cl). For multivariate analysis,
parameters with a probability higher than 0.1 were
excluded from the regression analysis.

Results

Patients and reasons for PICU admission

Forty-two (17.5%) of a total of 240 transplant-
ed patients were admitted to a PICU. Twenty-nine
of them (69%) had undergone allogeneic trans-
plantation and thirteen (31%) autologous trans-
plantation. The clinical characteristics of these
patients are outlined in Table 2. Their median age
was 7 years (range; 1-18). The main reason for
admission was respiratory failure (37 cases, 88%).
Thirteen of them (35%) had interstitial pneumonia
(CMV was isolated by bronchoalveolar lavage (BAL)
in 6 cases, HHV 6 in two, Pneumocystis carinii in
one; four cases had idiopathic disease). A diagno-
sis of diffuse alveolar hemorrhage (DAH) was made
in ten cases (27%). In five cases (13.5%) a fungal
infection was documented by BAL (three Asper-
gillus fumigatus and two Candida albicans). Myco-
bacterium tuberculosis was isolated in one case. In
eight (22%) an etiologic diagnosis could not be
established.
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Table 2. Characteristics of 42 patients admitted to the PICU
after HSCT.

Autologous transplant  Allogeneic transplant
recipients, n=13 (%) recipients, n=29 (%)

Age years
median (range) 9(1-17) 5(1-18)
Gender
male 8(61.5) 17 (59)
female 5(38.5) 12 (41)
Diagnosis
Acute lymphoblastic leukemia 3(23) 12 (41)
Acute myeloblastic leukemia 3(10)
Chronic myelogenous leukemia 1(3)
Hodgkin's disease 1(3)
Severe combined immunodeficiency 4(14)
Osteopetrosis 2(6)
Severe aplastic anemia 3(10)
Adrenoleukodystrophy 2(6)
Histiocytosis 1(3)
Central nervous system tumors 4(31)
Ewing's sarcoma 2(15)
Wilms’ tumor 1(8)
Rhabdomyosarcoma 2(15)
Neuroblastoma 1(8)
Type of allogeneic transplantion
Related identical HLA 12 (41)
Related non-identical HLA 6(21)
Unrelated identical HLA 7(24)
Unrelated non-identical HLA 4(14)
GvHD 20 (69)
Reasons for admission
Respiratory failure/MV 13 (100) 24.(83)
Refractory shock 2(7)
Renal failure/dialysis 2(7)
Coma 1(3)
Days to admission
median (range) 14 (2-45) 20 (6-600)

Factors predicting PICU admission

The overall probability of developing complica-
tions requiring PICU support was 21.2+3.7%. This
probability was 33.5+5.4% for patients who had
undergone allogeneic transplantation and 10.1+
2.5% for patients in the autologous setting
(p=0.0002) (Figure 1). On univariate analysis only
type of transplantation was significantly associat-
ed with PICU admission; patients receiving allo-
geneic transplants had a RR of 1.92 (95% Cl: 1.46-
2.53) (p = 0.0001). Among this group of patients,
underlying disease (non-malignant), and status of
disease at transplantation within malignant dis-
eases (advanced phase) were pretransplant vari-
ables associated with PICU admission (Table 3).
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Figure 1. Probability of PICU admission according to type of
transplantation.

Age, gender, conditioning, source of stem cell, type
of donor, and GvHD prophylaxis used were not sig-
nificantly associated with PICU support (data not
shown). Post-infusion factors associated with a
high risk of PICU admission were developing GvHD
(p=10.046) and its grade (llI-IV) (p = 0.002) and the
presence, during the early post-infusion phase, of
multiorgan dysfunction syndrome especially when
the lung was the first failing organ (p = 0.0001)
(Table 3). On multivariate analysis only severe
GvHD was statistically significant. Among patients
undergoing autologous transplantation underlying
disease (solid tumor, p=0.07), and status at trans-
plantation (advanced phase, p = 0.0029) were risk
factors with statistical value.The preparative regi-
men used and a specific diagnosis within solid

Table 3. Factors predicting PICU admission.

tumor patients did not increase the risk of needing
PICU support. In the post-infusion phase, patients
who developed multiorgan dysfunction during the
neutropenic period and those with engraftment
syndrome had an increased risk of requiring criti-
cal care (Table 3).

Clinical outcome and survival after PICU
admission

A total of thirteen [9 (31%) out of the 29 patients
in the allogeneic group and 4 (31%) out of the 13
patients in the autologous group] were discharged
from the PICU. For 29 patients in the allogeneic
group, need for mechanical ventilation had a neg-
ative impact on discharge from PICU. So, 5 (21%)
out of 24 intubated patients were discharged com-
pared to 4 out of 5 not receiving mechanical ven-
tilation support (p = 0.02). The median number of
days of mechanical ventilation was 13 (range 1-40).
However, the need for mechanical ventilation (MV)
did not influence long-term survival after PICU
admission. The one year EFS was 20£17.8% for
patients with no MV compared to 16.6+7.6% for
patients on MV (p = NS). In addition three years lat-
er, 4 out of 5 patients discharged following extuba-
tion are alive and disease-free compared to none of
four patients who did not need intubation. At the
time of analysis 24 out of 29 (83%) allogeneic
patients had died. The causes of death for these
patients were as follows: GvHD 8 patients (33.3%),
ADRS 8 patients (33.3%), refractory shock 3 patients
(12.5%), multiorgan failure 2 patients (8%),
leukemia relapse 2 patients (8%) and veno-oclusive
disease of liver one patient (4%). All of the 13
patients admitted to the PICU in the autologous

Univariate Multivariate
RR 95% CI P RR 95% CI P

Allogeneic transplant

Underlying disease 2.36 1.33-4.19 0.0084

Status at transplantation 9.66 1.35-69.14 0.0017

GVHD (yes) 1.98 0.97-4.03 0.0460

GVHD (I1I-IV) 8.50 1.23-58.39 0.0020 15.95 2.12-120.67 0.01

Multiorgan dysfunction syndrome 38.67 5.47-273.2 0.0001

Lung as 1%t organ failure 1.62 1.03-253 0.0043
Autologous transplant

Underlying disease 1.99 0.58-6.61 0.070

Status at transplantation 3.06 1.06-8.86 0.0029 9.97 1.15-84.77 0.01

Engraftment syndrome 7.66 2.74-21.42 0.0002 14.92 353-63.11 0.0002

Multiorgan dysfunction syndrome

during neutropenia period 17.07 6.61-44.04 0.0001

haematologica vol. 87(3):march 2002
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group needed intubation and at the time of analy-
sis 2 out of 4 patients discharged were alive and
disease-free. Eleven patients (85%) had died. The
causes of death for these patients were as follows:
multiorgan failure 8 patients (73%), secondary graft
failure 2 patients (18%) and ADRS one patient (9%).
The probability of EFS at 3 years for the whole group
was 15.38+5.7%, being 18.4+11.5% for autologous
transplant recipients and 13.7+6.4% for allogeneic
transplant recipients (p = 0.4). Using a Cox regres-
sion model, MOF present at admission was the only
variable that had a negative impact on EFS
(4.28+3.13% vs 35.71+12.8% for patients with no
MOF (hazard ratio 0.42, 95% CI 0.20-0.85, p =
0.016).

Discussion

Hematopoietic transplantation, especially in the
allogeneic setting, continues to be associated with
a high rate of clinical complications. Some of these
complications need to be managed with critical
care in a specialized ICU. Many reported studies in
adults have shown a poor overall outcome for
patients admitted to an ICU.1%-4 During the last
decade very few studies have been conducted
regarding risk factors for PICU admission and prog-
nostic factors affecting survival following admission
in pediatric patients undergoing HSCT.2215-17|n fact,
only two large series analyzing both subjects have
been published.2 This kind of study should help
clinicians to make a decision on whether a patient
should be admitted to PICU when a life-threaten-
ing complication is present or not. In this retro-
spective study, we present the clinical factors that
predicted PICU admission and outcome in 240 pedi-
atric patients who underwent HSCT at a single
institution during the last seven years. Our results
regarding the incidence of patients who required
critical care are similar to those previously report-
ed by others.1215-17 Analyzing pre-transplant vari-
ables for the whole transplanted group, we found
that underlying disease had a significant influence
on risk of needing PICU admission. Patients with
immune deficiency, metabolic disorders and solid
tumors had a higher rate of PICU admission and
mechanical ventilation than patients with other
malignant diseases. This finding concurs with those
of the largest series reported.t Warwick et al.* found
that a diagnosis of immune deficiency, metabolic
disease or neuroblastoma was associated with an
increased risk of requiring MV. As pointed out by
them, pre-existing infectious conditions, aggres-
sive chemotherapy received before transplantation
and the need of intubation for upper airway con-

haematologica vol. 87(3):march 2002

trol during conditioning in some metabolic disor-
des are reasons that might explain this associa-
tion. However, Crawford et al.,1° found an increased
risk of requiring MV in patients with underlying
malignancies, especially those with advanced dis-
ease at the time of transplantation. In our series,
advanced phase at transplantation, both in the
allogeneic and autologous settings, among patients
with malignancies was also associated with an
increased risk of admission for critical care. More-
over, in the autologous transplantation group,
advanced disease was an independent risk factor
for critical care support in the multivariate analy-
sis. Other authors did not find any association
between underlying disease and critical care
requirements.2 Regarding the type of transplanta-
tion, patients in the allogeneic transplant group
had an almost 2-fold higher risk than patients in
the autologous group. Among the allogeneic trans-
plant group, the source of stem cells, CMV status,
conditioning used, and HLA disparity were not
associated with a significant risk of requiring PICU
support. The presence of acute GvHD and its grade
and developing multiorgan dysfunction syndrome,
especially when the lung was the first failing organ,
were post-transplant events with increased risk.
However, severe acute GvHD was the only post-
transplant event with an independent risk in the
multivariate analysis. Other post-infusion events
such as multiorgan dysfunction syndrome did not
reach statistical significance in multivariate analy-
sis, likely because patients with severe acute GvHD
had a higher incidence of multiorgan dysfunction
syndrome than patients with moderate or no GvHD.
This finding is in keeping with those of other
reported pediatric series.t An increase in pulmonary
complications with higher grades of acute GvHD,
especially viral pneumonitis and progressive air-
way obstruction, have been reported.181

Among patients receiving an autologous trans-
plant, engraftment syndrome as a post-infusion
event was correlated with higher risk of multiorgan
dysfunction especially pulmonary complications and
PICU admission for mechanical ventilation. Engraft-
ment syndrome occurs as result of release of tumor
necrosis factor and other cytokines during hemato-
poietic engraftment. This syndrome results clinical-
ly in hypoalbuminemia, weight gain, bilateral pul-
monary infiltrates, hypoxia and non-infectious fever
during the recovery phase of hematopoiesis.?
Engraftment syndrome has been described as a
cause of respiratory failure needing mechanical ven-
tilation® and has been associated with breast can-
cer,22 number of hematopoietic cells infused,?22
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mobilized peripheral blood as source of stem cells
for autologous transplantation? and use of granu-
locyte colony-stimulating factor (G-CSF) after infu-
sion to accelerate neutrophil recovery.?? However,
there are no reported studies evaluating predicting
factors for engraftment syndrome in pediatric
patients undergoing autologous transplantation.
Our preliminary results show that a diagnosis of sol-
id tumor, especially neuroblastoma and Ewing’s sar-
coma family tumors, and mobilization with high
doses of G-CSF might be associated with an
increased risk of engraftment syndrome (data not
shown). Respiratory failure was the main cause of
PICU admission and 37 (88%) patients admitted
needed mechanical ventilation which represents a
similar proportion to that in other pediatric series.2
After PICU admission it is very important to identi-
fy patient characteristics that are predictive factors
not only for successful extubation but also long-
term survival. In fact, rates of successful extubation
may be as high as 40-46%.* Our results regarding
successful extubation are similar to other previous-
ly reported ones*2 but we were unable to find pre-
or post-transplantation variables related to suc-
cessful extubation. Warwick et al.* found that suc-
cessful extubation was correlated with underlying
disease and the presence of GvHD. Previous pedi-
atric series'? recorded a poor outcome among
patients who needed MV compared to among those
who did not. In fact, poor short- and long-term sur-
vival rates have been reported in children who need-
ed intubation after bone marrow transplanta-
tion.152 However, in this study, the need for
mechanical ventilation did not influence long-term
survival after PICU admission, probably because of
the negative influence of other later events such as
relapsing disease, secondary graft failure or chron-
ic GVHD. In our series, long-term survival estimated
from the time of PICU admission was not affected
by duration of mechanical ventilation, successful
extubation, type of transplant or the presence of
GvHD. However, the presence of multiorgan failure
including respiratory failure at time of admission
resulted in a worse event-free survival. In fact, this
survival rate (<5%) is near to the chance of success
(1%) that some investigators have proposed as a
quantitative approach to medical futility?* and iden-
tifies a poor prognostic features among patients
requiring mechanical ventilation following HSCT, as
has been recently published by others.

In conclusion, our data suggest that despite high
mortality, intensive care support can be beneficial
for pediatric patients with life-threatening compli-
cations following HSCT. This life-sustaining measure

should be established as early as possible since some
delay could be critical to the final outcome. Howev-
er, for patients with multiorgan failure including res-
piratory failure the always hard decision of not
admitting a patient to the PICU seems to be justi-
fied. This point should be explained to parents before
starting hematopoietic transplantation.
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What is already known on this topic

This study provides information on factors which predict
admission into a pediatric intensive care unit of children
given hematopoietic stem cells.

What this study adds

P

This paper can contribute to a better definition of the out-
come of these patients, identifying children who despite
an intensive approach have a negligible probability of
survival.

otential implications for clinical practice

Few studies focused on children have been published on
this issue and this manuscript adds an useful piece of
information.
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