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Abstract Objective: To compare
the characteristics and outcome of
patients with hematological malig-
nancies referred to the ICU with
severe sepsis and septic shock who
had or had not received recent in-
travenous chemotherapy, defined
as within 3 weeks prior to ICU
admission. Design and setting:
Retrospective observational cohort
study on prospectively collected data
in a medical ICU of a university
hospital. Patients: 186 ICU patients
with hematological malignancies
with severe sepsis or septic shock
(2000–2006). Measurements and
results: There were 77 patients ad-
mitted with severe sepsis and 109 with
septic shock; 91 (49%) had received
recent intravenous chemotherapy.
Patients with recent chemotherapy
more often had a high-grade ma-
lignancy and were more often neu-
tropenic, less often had pulmonary
infiltrates, and less often required
mechanical ventilation. ICU, 28-day,
in-hospital, and 6-month mortality

rates were 33% vs. 48.4%, 40.7% vs.
57.4%, 45.1% vs. 58.9%, and 50.5%
vs. 63.2% in patients with and with-
out recent chemotherapy, respec-
tively. Logistic regression identified
four variables independently associ-
ated with 28-day mortality: SOFA
score at ICU admission, pulmonary
site of infection, and fungal infection
were associated with worse out-
come whereas previous intravenous
chemotherapy was protective at bor-
derline significance. After adjustment
with a propensity score for recent
chemotherapy, chemotherapy was not
associated with outcome. Conclu-
sions: Patients referred to the ICU
with severe sepsis and septic shock
complicating active chemotherapeu-
tic treatment have better prognosis
than commonly perceived.
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Introduction

Over the past two decades there has been a tremendous
improvement in outcome of cancer patients and more
particularly in those with hematological malignancies [1].
This can be attributed to the use of more aggressive chemo-
and radiotherapy with or without bone marrow or stem cell
rescue, and to advances in supportive care. Unfortunately,
these new aggressive treatment modalities may lead to
life-threatening complications requiring intensive care unit

(ICU) admission. Although admission of these patients
remains a matter of debate and controversy [2, 3], several
centers over the world have shown that it is possible to
achieve meaningful prognosis in these patients [1, 4–10],
even in the most severely ill subgroups, such as those
requiring mechanical ventilation [6, 7, 11, 12], renal
replacement therapy [2, 13–15], or chemotherapy in an
urgent setting [14, 16]. Infection is a common and dreaded
complication in hemato-oncological patients [8, 17], and
developing severe sepsis or septic shock after having
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received chemotherapy is often considered a worst case
scenario in this population [13, 17]. However, only few
studies have focused on cancer patients who were re-
ferred to the ICU with severe sepsis and septic shock [8,
18, 19] and more particularly on the impact of previous
chemotherapy in this setting.

The present study examined the characteristics and
outcome of patients with hematological malignancies
admitted to the ICU with severe sepsis and septic shock
and compared patients treated with or without recent
intravenous chemotherapy. The findings of this study
were presented in part at the 2007 Annual Congress
of the European Society of Intensive Care Medicine in
Barcelona.

Materials and methods

Setting

The study was conducted at the medical ICU of the
1062-bed Ghent University Hospital. This ICU has 14
beds and admits only adults (> 15 years). Over the study
period 186 patients with hematological malignancies
were admitted to the ICU with severe sepsis (n = 77) or
septic shock (n = 109). Of these, 91 (48.9%) had received
intravenous chemotherapy within 3 weeks before referral
to the ICU. Admission diagnoses are listed in Table 1. The
characteristics of our ICU regarding organization, patient
management, and end-of-life policy have been presented
elsewhere [16]. In our institution patients who receive
cyclic chemotherapy and who are at risk of moderate to
severe temporary neutropenia are treated ambulatory and
do not receive antimicrobial prophylaxis. Patients such as
those with acute myelogenous leukemia, who are at risk
of prolonged severe neutropenia, remain in the hospital
and receive selective bowel decontamination consisting
of colimycin (polymyxin B) and fluconazole prophylaxis.
Cotrimoxazole prophylaxis is restricted to patients at
risk of Pneumocystis pneumonia, such as those with
lymphoblastic malignancies and bone marrow transplant
recipients. Acyclovir is restricted for the transplant setting.
Neutropenic fever is treated according to international
guidelines [17]. All patients in our study were treated
according to the guidelines proposed by the Surviving
Sepsis Campaign [20]. In our cohort only two patients
received activated protein C.

Study design

A retrospective analysis was performed on prospectively
collected data of all consecutive patients with hemato-
logical malignancies who were admitted to the ICU with
either severe sepsis or septic shock from 2000 through
2006. The following variables were collected: age, gender,

Table 1 Causes of severe sepsis and septic shock in 186 critically ill
patients with hematological malignancies

Confirmed or clinically
suspected diagnosis 167 (89.8%)
Bacterial infection 128 (68.9%)
Pulmonarya 68 (36.6%)
Nonpulmonaryb 60 (32.3%)

Sepsis of unknown
originc 29
Abdominal
sepsis/abdominal
abscess/perianal
abscess 10
Necrotic enterocolitis 5
Catheter sepsis 5
Meningitis 4
Urosepsis 3
Bursitis 1
Sinusitis 1
Skin infection 1
Endocarditis 1

Nonbacterial infection 30 (16.1%)
Invasive aspergillosis
(one with mucor) 10
Invasive candidiasis 6
Pneumocystitis jiroveci 9
Cytomegalovirus 1
Disseminated toxoplasmosis 1
Combination 3

Combination of bacterial
and nonbacterial infection 9 (4.8%)
Pulmonary bacterial
infectiona 6

With invasive pulmonary
aspergillosis 5
With invasive candidiasis 1

Nonpulmonary bacterial
infectionb 3
With invasive pulmonary
aspergillosis 2
With invasive candidiasis 1

Unclear pathogend 19 (10.2%)

aDocumented in 38 patients and clinically suspected in 30;
bDocumented in 42 patients and clinically suspected in 18; cPatients
with sepsis (confirmed or clinically suspected) without clinical
focus; 27 were neutropenic; dCausal pathogen remains unclear

type of hematological malignancy and disease status, need
for mechanical ventilation and duration of ventilation,
need for vasopressor drugs, need for renal replacement
therapy, presence of infection, site of infection, causative
pathogen, use of antimicrobials within 24 h before ICU
admission, use of a combination of antibiotic regimens
before ICU admission, length of hospitalization before
ICU admission and length of stay in the ICU and hospital.
Patients were categorized according to whether they had
(CHT) or had not received intravenous chemotherapy
within 3 weeks prior to ICU admission (nCHT). This
cutoff was chosen arbitrarily at the start of data collection
with the intention of categorizing all potentially severely
immunocompromised patients regardless of the presence
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or absence of neutropenia at the moment of ICU admis-
sion. Severity of illness on the first day of ICU admission
was assessed by using the Acute Physiology and Chronic
Health Evaluation (APACHE) II score, Sequential Organ
Failure Assessment (SOFA) score, and Cancer-Specific
Severity of Illness Score (CSSIS) [21]. The latter is
a logistic regression model for estimating the probability
of hospital mortality and consisting of 16 unambiguous
and readily available physiological, laboratory variables,
cancer specific variables, and the length of hospitalization
before ICU admission. This score is based on prospec-
tively collected data of more than 1,400 patients admitted
to four ICUs in the United States and has previously been
validated [21]. ICU, 28-day, in-hospital, and 6-month
mortality were also recorded.

Until 2004 an independent panel of physicians blinded
to patients’ outcome categorized the patients according
to the severity of infection (sepsis, severe sepsis or septic
shock) using the criteria defined by the International
Sepsis Definitions Conference in 2001 [22], the diagnos-
tic certainty (documented or clinically suspected), and
the site of infection (pulmonary vs. nonpulmonary) as
previously described [8]. To be included in the septic
shock subgroup patients had to receive vasoactive therapy
within 24 h following ICU admission, otherwise they
were categorized in the severe sepsis subgroup. Patients
were considered to have fungal infection if they fulfilled
the criteria of confirmed or probable fungal infection as
defined by a recent international consensus meeting [23].
Since 2004 patients have been categorized by at least
two senior physicians experienced in the management
of cancer patients within 48 h after ICU admission. We
found no difference in incidence neither in mortality rates
within these subgroups between the two periods (data not
shown).

Definitions

The type of hematological malignancy was categorized
as (a) high-grade, including acute myelogenous leukemia,
acute lymphoblastic leukemia, and high-grade non-
Hodgkin lymphoma, and (b) low-grade, including all other
types of hematological malignancies and aplastic anemia.
Disease status was categorized into active or stable dis-
ease. Leukopenia was defined as a total white blood cell
count less than 1.0 × 109/l. Mechanical ventilation was
defined as the need for noninvasive or invasive respiratory
support. The use of vasopressor drugs was defined as any
vasopressor (i.e., epinephrine, norepinephrine, dopamine,
or vasopressin) or inotropic (i.e., dobutamine or milrinone)
therapy administered within 24 h following admission. In
our ICU the administration of vasopressor and/or inotropic
drugs is restricted to patients with persistent hypotension
despite adequate fluid resuscitation, inadequate cardiac
output or cardiac failure (confirmed by pulmonary artery

monitoring or echocardiography), and distinct signs of
sepsis-induced organ dysfunction (i.e., oliguria, renal fail-
ure, neurological deterioration, and metabolic acidosis).
The study was approved by the Ethics Committee of the
Ghent University Hospital.

Statistical analysis

Values are presented as mean ± standard deviation,
median (with interquartile range), or counts (with per-
centage) according to the distribution. For comparative
tests the Mann–Whitney U test and Fisher’s exact test or
χ2 test was used as appropriate. Multivariate logistic
regression was used to assess the independent impact
of previous chemotherapy on 28-day mortality. Three
logistic regression models were built; one including only
factors present before ICU admission, a second containing
factors present before and upon ICU admission, and
a third additionally adjusted with propensity score to
minimize the effect of potential selection bias [24, 25].
This propensity score reflected a patients’ likelihood
of having received recent intravenous chemotherapy.
Variables associated with a p value of less than 0.25 in
univariate analysis between CHT vs. nCHT patients were
used to build the propensity score. The following vari-
ables were retained for propensity score: age, high-grade
malignancy, active disease, diagnosis, remission state, and
previous antimicrobial therapy. This propensity score was
entered as a continuous variable into the models [24, 25].
Variables with a p value less than 0.25 in univariate
analysis were considered for the multivariate analysis on
28-day mortality as well as clinically relevant variables.
To reduce the risk of multicollinearity, only variables
significantly associated with outcome in the first model
were candidate for inclusion in the successive models.
To assess the relationship between a continuous variable
and outcome and subsequently to analyze whether a con-
tinuous variable needed to be transformed or categorized
we used a smoothing scatterplot (LOESS) for each
model. We tested for potential interactions. All reported
p values are two-tailed, and are considered significant
when less than 0.05. Analyses were executed with SPSS
12.0 (SPSS, Chicago, IL, USA).

Results

There was no difference in mortality between documented
and clinically suspected bacterial infection (36/80, 45%
vs. 22/57, 39%, p = 0.49). In 19 patients (10.2%) the causal
pathogen remained unclear. Twelve of them were treated
with broad-spectrum antibiotics, in combination with
a fungostatic in seven, high-dose cotrimoxazole in six,
and acyclovir or ganglicovir in four. Five had a possible
diagnosis of invasive fungal infection, two possible can-
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didal pneumonia, and three possible invasive pulmonary
aspergillosis (confirmed by autopsy in one). Two patients
had possible Pneumocystis pneumonia or viruslike pneu-
monia. The causal pathogens in patients with documented
bacterial infection are summarized in Table 2.

Differences in characteristics between CHT and nCHT
patients

CHT patients were younger than nCHT patients
(p < 0.001), were more often neutropenic (p < 0.001),
had more often a high-grade malignancy (p < 0.001),
had a longer duration of hospitalization prior to ICU
admission (p = 0.012), and more often received antibiotics
within 24 h before ICU admission (p = 0.027; Table 3).
Broad-spectrum antibiotics with or without added fun-
gostatics were more often administered in the CHT
group (p < 0.001; Table 3). In addition, CHT patients
less often had pulmonary infiltrates on chest radiography
(p = 0.007), had a higher PaO2/FIO2 (p = 0.022), and were
less often mechanically ventilated (p = 0.041) during ICU

CHT (n = 91) No CHT (n = 95) p

Age (years) 52.3±18.4 61.6±15.0 < 0.001
Sex: female 34 (37.4%) 38 (40.0%) 0.764
Neutropenia 64 (70.3%) 13 (13.7%) < 0.001
Duration of hospitalization,
median (days; IQR) 11.0 (2.0–21.0) 3.0 (0.0–17.0) 0.012
Remission state 0.003

Complete remission 29 (31.9%) 11 (11.6%)
First presentation 12 (13.2%) 15 (15.8%)
Partial remission 21 (23.1%) 8 (8.4%)
Chronic 13 (14.3%) 55 (57.9%)
Relapse 16 (17.6%) 6 (6.3%)

Active disease 35 (38.5%) 29 (30.5%) 0.282
Stem cell transplantation 14 (15.4%) 12 (12.6%) 0.476
Diagnosis < 0.001

High-grade malignancy 71 (78.0%) 37 (38.9%) < 0.001
AML 34 (37.4%) 19 (20.0%)
ALL 17 (18.7%) 7 (7.4%)
HG-NHL 20 (22.0%) 11 (11.6%)

Low-grade malignancy 20 (22.0%) 58 (61.1%) < 0.001
CML 0 (0.0%) 3 (3.2%)
CLLG-NHL 12 (13.2%) 17 (17.9%)
Hodgkin 0 (0.0%) 1 (1.1%)
MM 5 (5.5%) 18 (18.9%)
MDS 1 (1.1%) 15 (15.8%)
AA 0 (0.0%) 2 (2.1%)
Other 2 (2.2%) 2 (2.1%)

Infectiology
Previous antibiotic
therapy >24 h 59 (64.8%) 52 (54.7%) 0.027
Type of antibiotic
therapy 0.001
None 32 (35.2%) 43 (45.3%)
Single antibiotic 19 (20.9%) 25 (26.3%)
Combination 50 (54.9%) 27 (28.4%)

Pulmonary site of infection 45 (49.5%) 66 (69.5%) 0.007
Fungal infection 13 (14.3%) 12 (12.6%) 0.454

Table 3 Characteristics of 186
critically ill patients with hema-
tological malignancies who did
vs. who did not receive recent
intravenous chemotherapy
(CHT) (AA, aplastic anemia;
ALL, acute lymphoblastic
leukemia; AML, acute myelo-
genous leukemia; CLLG-NHL,
chronic lymphocytic/low-grade
non-Hodgkin lymphoma; CML,
chronic myelogenous leukemia;
HG-NHL, high-grade non-
Hodgkin lymphoma; IQR,
interquartile range; MDS,
myelodysplastic syndrome;
MM, multiple myeloma)

stay. However, no differences were found between CHT
and nCHT groups in severity of illness upon admission
as assessed by APACHE II (p = 0.094) or SOFA score
(p = 0.231; Table 4).

Table 2 Causal pathogens in 80 critically ill patients with hemato-
logical malignancies with documented bacterial infection

Aerobic 79 (98.8)
Gram-positive 29 (36.3)
Streptococcus pneumoniae 11 (13.8)
Staphylococcus aureus 7 (8.8)
Other streptococci 6 (7.5)
Coagulase-negative Staphylococcus 3 (3.8)
Listeria monocytogenes 2 (2.5)

Gram-negative 38 (47.5)
Escherichia coli 27 (33.8)
Pseudomonas aeruginosa 5 (6.3)
Enterobacter cloacae 3 (3.8)
Aeromonas sobria 1 (1.3)
Haemophilus influenza 1 (1.3)
Klebsiella oxytoca 1 (1.3)

Polymicrobial 12 (15.0)
Anaerobic 1 (1.3)
Clostridium tertium 1 (1.3)
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Impact of recent chemotherapy on 28-days mortality after
adjustment for potential confounders and propensity score

Crude ICU and 28-day mortality were lower in CHT pa-
tients than nCHT patients (33% vs. 48.4%, p = 0.037 and
40.7% vs. 57.4%, p = 0.027, respectively; Table 4). There
was only a trend toward lower hospital mortality (45.1%
vs. 58.9%, p = 0.076) between the groups; however,
the observed hospital mortality rates were considerably
lower than that expected by the CSSIS (77.2% vs.78.6%,
p = 0.47). Twenty-eight day mortality rates in patients
with severe sepsis and septic shock were 39.0% and
42.0% (p = 0.832) in CHT patients vs. 47.2% and 64.4%
(p = 0.134) in nCHT patients, respectively. Twenty-eight
day mortality in CHT vs. nCHT patients with invasive
fungal infection was 77% and 75% (p = 0.335), and
31.5% and 52.6% (p = 0.02) in those with documented or
suspected bacterial infection.

The results of the unadjusted and adjusted effects
of recent chemotherapy on 28-day mortality are pre-
sented in Table 5. In multivariate logistic analysis with
adjustment for variables present before ICU admission
active disease (p = 0.026) and the initiation of combi-
nation antibiotic regimens before admission (p = 0.011)
were independently associated with worse outcome,
whereas recent intravenous chemotherapy had a pro-
tective effect (p = 0.007). Once adjusted for the site of
infection and diagnosis of invasive fungal infection, the
“protective effect” of chemotherapy became borderline
significant (p = 0.049). In multivariate regression with
adjustment for propensity score chemotherapy was no

CHT (n = 91) No CHT (n = 95) p

Severity of illness upon admission
APACHE II (points) 25.3±6.8 26.9±6.9 0.094
SOFA (points) 9.7±3.5 10.4±4.0 0.231
CSSIS (probability of hospital death) 77.2±20.4 78.6±21.4 0.473
Ventilation 45 (49.5%) 61 (64.2%) 0.054
PaO2/FIO2 206.9±139.8 152.2±96.3 0.022
Hemodynamics
Severe sepsis 41 (41.4%) 36 (37.9%) 0.372
Septic shock 50 (54.9%) 59 (62.1%)
Noradrenaline dose (ng kg−1 min−1) 207±374 298±523 0.358

Severity of illness during ICU stay
Ventilation 52 (57.1%) 69 (72.6%) 0.041
Noninvasive ventilation 9 (9.9%) 14 (14.7%) 0.376
Invasive mechanical ventilation 43 (47.3%) 55 (57.9%) 0.186

Renal replacement therapy 14 (15.4%) 26 (27.4%) 0.130
Length of stay (days; IQR) 5.0 (3.0–13.0) 7.0 (4.0–11.3) 0.326

Outcome
DNR order 27 (29.7%) 35 (38.0) 0.275
Days until DNR ordera 4.0 (3.0–13.0) 6.0 (3.0–11.0) 0.679
ICU mortality 30 (33.0) 46 (48.4) 0.037
28-day mortality 37 (40.7) 54 (57.4) 0.027
In-hospital mortality 41 (45.1) 56 (58.9) 0.076
6-month mortality 46 (50.5) 60 (63.2) 0.103

aWithin the subgroup of patients with DNR options

Table 4 Severity of illness and
outcome of 186 critically ill
patients with hematological
malignancies who did vs. who
did not receive recent chemo-
therapy (CHT) (APACHE, Acute
Physiology and Chronic Health
Evaluation; SOFA, Sequential
Organ Failure Assessment;
CSSIS, Cancer Specific Severity
of Illness Score; DNR, do not
resuscitate; IQR, interquartile
range)

longer significantly associated with better outcome
(p = 0.079).

Discussion

In our study patients with hematological malignancies
who were referred to the ICU because of severe sepsis and
septic shock with a history of recent chemotherapy faired
better than commonly perceived. Recent chemotherapy
was not associated with an increased risk of death after ad-
justing for differences in baseline characteristics and more
particularly for the probability of having received che-
motherapy by using a propensity score. This confirms
previous results that cancer specific characteristics have
no effect on short-term outcome in critically ill cancer
patients [26, 27] provided that treatment options and
expected long-term outcome are also considered. The
presence of a pulmonary site of infection, fungal infection,
and organ failure were the only factors associated with
mortality in multivariate analysis.

In addition to catheter-related infections, chemother-
apy-induced mucositis with subsequent bacterial translo-
cation from the gut into the bloodstream is thought to
be the major portal of entry in neutropenic patients [28],
while pneumonia is less often diagnosed in this group
at least by routine chest radiography [29]. Accordingly,
in our study CHT patients were less often admitted
with a pulmonary site of infection (49.5% vs. 69.5%,
p = 0.007). It has previously been shown that the site
of infection and/or portal of entry has a key impact on
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Table 5 Impact of previous intravenous chemotherapy on 28-day
mortality after adjustment for potential confounders present before
and upon ICU admission (OR, odds ratio; CI, confidence interval;

SOFA, Sequential Organ Failure Assessment; ROC, receiver operat-
ing characteristics curve)

OR 95% CI p

Unadjusted
Intravenous chemotherapy 0.51 0.28–0.911 0.023

Adjusted for variables before ICU admissiona

Intravenous chemotherapy 0.35 0.16–0.75 0.007
Age (per year) 1.01 0.99–1.03 0.295
High-grade malignancy 1.22 0.60–2.51 0.586
Active disease 2.11 1.09–4.06 0.026
Combination antibiotic therapy 2.54 1.24–5.22 0.011
Neutropenia 1.09 0.53–2.25 0.812
Days of hospitalization (per day) 0.99 0.97–1.01 0.432

Adjusted for variables upon ICU admission
and the most important variables before admissionb

Intravenous chemotherapy 0.48 0.23–1.00 0.049
Active disease 1.98 0.95–4.14 0.069
Combination of antibiotic therapy 1.52 0.71–3.23 0.280
Pulmonary site of infection 2.84 1.38–5.84 0.005
Fungal infection 4.18 1.61–10.87 0.003
SOFA (per point) 1.26 1.14–1.39 < 0.001

Additionally adjusted for propensity scorec

Intravenous chemotherapy 0.50 0.23–1.08 0.079
Active disease 1.76 0.80–3.84 0.158
Combination of antibiotic therapy 1.51 0.65–3.49 0.341
Pulmonary site of infection 2.85 1.39–7.57 0.009
Fungal infection 4.04 1.50–10.83 0.006
SOFA (per point) 1.28 1.15–1.42 < 0.001
Propensity score 1.52 0.18–12.68 0.697

aHosmer and Lemeshow: χ2 = 9.04, df 8, p = 0.34, ROC 0.68 (0.60–0.75), SE = 0.039; bHosmer and Lemeshow: χ2 = 6.07, df 8, p = 0.64,
ROC 0.82 (0.74–0.87), SE = 0.032; cHosmer and Lemeshow: χ2 = 3.42, df 8, p = 0.91, ROC 0.81 (0.75–0.87), SE = 0.032

prognosis in a general ICU population [30, 31] as well
as in cancer patients [30, 32]. In a general neutropenic
cancer population Carratalàet al. [33] reported a mortality
of 10.6% (39/368) in patients with bacteremia from a non-
pulmonary focus vs. 55% (22/40) in those with bacteremia
from a pulmonary focus, whereas Elting et al. [34] found
that bacteremia was associated with a 3.8 odds of death
when associated with pneumonia. In a general cancer
population with Pseudomonas bacteremia Chatzinikolaou
et al. [32] reported a mortality rate in patients without
and with pneumonia of 8.1% (12/148) and 37.1% (36/63),
respectively. In our study 28-day mortality in patients
with a pulmonary site of infection was about 60%, re-
gardless of recent chemotherapy (p = 0.99). This figure
can be contrasted with the lower mortality in patients
with other sources of sepsis, where prior chemotherapy
did have a major impact: 28-day mortality was 21.7%
when patients had received chemotherapy and 48.3%
when they had not (p = 0.023; Table 2). This strongly
suggests that sepsis resulting from (simple) bacterial
translocation from the gut during chemotherapy-induced
neutropenia is more readily contained by early appropriate
antimicrobial therapy, as compared to pneumonia, or
any other site of infection with the potential exception
of catheter-related infection, in patients not treated

with chemotherapy. This is probably related to a rapid
achievement of source control in bacterial transloca-
tion as less local tissue inflammation or destruction is
present [32].

In addition to the site of infection, the reversibility of
the admission diagnosis and treatment options should also
be taken into account. Mortality was about 75% in pa-
tients with invasive fungal and other nonbacterial infec-
tions regardless of previous chemotherapy vs. to 31.5%
and 52.6% in patients with documented or suspected bac-
terial infection who did or did not receive chemotherapy,
respectively. This is in accordance with our previous stud-
ies [5, 6, 8, 13, 16] and several other reports [4, 26, 35], and
confirms the finding that nonbacterial infection remains
much more difficult to treat than bacterial infection, par-
ticularly in critically ill patients [4, 8, 26]. However, with
more antifungals with improved safety and efficacy be-
coming available, the care for nonbacterial infections may
improve in the near future [36, 37].

Despite the fact that it is possible to achieve a mean-
ingful survival in critically ill cancer patients, ICU
physicians remain reluctant to admit such patients to
their ICU for advanced life-supporting therapy [2, 3],
particularly when severe infection is present. Our study
confirms the finding that ICU physicians should not select
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patients that should benefit from advanced life-supporting
therapy upon the number and severity of failing organs
only [1, 2, 4, 5, 7, 8, 16]. The potential reversibility of
the admission diagnosis [5, 6, 8], the expected long-term
outcome and quality-of-life with regard to underlying
malignancy, the patients’ and family wishes, but also
other factors such as comorbidity and performance sta-
tus [7, 15], which were not considered in our multivariate
analysis, should be taken into account as well. By a policy
of timely ICU referral of hematological patients with
severe sepsis and by providing advanced and prolonged
supportive care to these patients we achieved survival rates
that were equivalent to the general ICU patients admitted
with severe infection [30], and that were considerably
lower as expected by the CSSIS (Table 1). The latter
finding might be explained by the fact that the CSISS is
less accurate in predicting mortality in cancer patients than
initially hoped for [38, 39]. Improvement in the overall
management of such patients in the ICU, particularly in
the management of severe sepsis and septic shock, might
at least partially explain this discrepancy [22].

Our study has several potential limitations. First, we
cannot exclude selection or treatment bias, even after
adjusting for the probability of having received recent
chemotherapy by using a propensity score. The latter
score can, however, only correct for those variables taken
into account. For instance, since we lacked a performance
status and a comorbidity score, these parameters were
not taken into account into our analysis. However, in
our ICU patients were selected only upon their expected
long-term outcome and not upon the severity of acute
illness, the reason for deterioration, or whether they had

recently received chemotherapy. Therefore, we do not
think that selection bias was present in such extent to
explain the absence of a worse outcome in patients who
received prior chemotherapy. Moreover, it is also impor-
tant to note that the two groups were similar in severity
of illness upon admission according to several scoring
systems, received similar vasopressor doses, and were
well balanced regarding the incidence of active disease;
also, there was no difference in the number of end-of-life
decisions, nor in time until such a decision was made.
Secondly, since we do not use computer tomography on
a routine basis, we do not know whether chemotherapy-
treated patients developed pulmonary infiltrates less often,
or whether pulmonary infiltrates were manifested less
obviously. Whether earlier and more accurately detection
of pulmonary infiltrates by computed tomography affects
outcome in critically ill hematological patients should
be addressed in future studies [40, 41]. Finally, as our
tertiary center has an experienced ICU staff trained in
dealing and taking care of those patients working in good
collaboration with the attending hematologists, our results
may not be readily generalized.

In conclusion, the findings of this study demonstrate
that patients with hematological malignancies admitted to
the ICU with severe sepsis or septic shock after having
received recent intravenous chemotherapy have a better
prognosis than commonly perceived.
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