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Abstract

The referral of critically ill cancer patients to an intensive care unit (ICU) is a matter of controversial debate. This study was
conducted by an interdisciplinary clinical group to evaluate the outcome of ICU treatment in cancer patients according to their
characteristics at the time of referral. A retrospective analysis was used to identify relevant subgroups among 189 consecutive can-
cer patients referred as emergencies to one of four ICUs during a 2-year period. Reasons for ICU referral were pneumonia (29.6%),
sepsis (27.0%), fungal infection (11.1%), another infection (9.5%), gastrointestinal emergency (16.9%), treatment-related organ
toxicity (6.9%), or other, non-infectious complications (43.9%). Vasopressor support was required in 50.3%, mechanical venti-
lation in 49.7%, and haemodialysis/-filtration in 26.5% of the patients. Overall, 41.3% died during ICU treatment, 12.2% died
after transfer from ICU to a non-ICU ward, and 35.4% were discharged alive. Sepsis, mechanical ventilation, vasopressor support,
renal replacement therapy and neutropenia were independent risk factors for fatal outcome, but no single risk factor unequivocally
predicted death. All patients with fungal infection who required vasopressor support and either had sepsis (n=13) or needed
mechanical ventilation (n=14) died during ICU treatment, while all non-septic patients. who did not require mechanical venti-
lation, were younger than 74 years of age and had a non-infectious underlying complication (n=29), survived. This analysis may
help to early identify relevant subgroups of cancer patients with different prognoses under ICU treatment. A prospective study to
confirm the predictive usefulness of this approach is needed. Cancer patients should not be excluded from referral to the intensive
care unit in an emergency solely due to their underlying malignant disease or a single unfavourable prognostic factor.
© 2003 Elsevier Science Ltd. All rights reserved.
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published during the past two decades have reported
fatality rates of up to 98% in defined subgroups of
patients (Table 1), particularly in those requiring
mechanical ventilation after allogeneic bone marrow or
peripheral blood stem cell transplantation [1-5], those
with failure of more than two organ systems [6,7], those
with acute renal failure due to sepsis [8,9] or those with
a very poor Acute Physiology and Chronic Health
Evaluation (APACHE-II) score [10-13].

As a consequence, institution of ICU treatment proce-
dures in cancer patients has been subject to much debate
[8,14-17] or explicitly discouraged for distinct subgroups
of cancer patients [1,3,18-20]. In contrast, it has been
argued that patients with malignant diseases treated with
curative intention should be admitted to an ICU with a
higher priority than patients with incurable chronic degen-
erative diseases [21]. At the same time, it has been shown
that the anticipated poor prognosis of cancer patients may
result in a negative bias among those involved and thereby
may have an adverse impact on the success rates in pts.
requiring cardiopulmonary resuscitation [22,23].

Since haematologists and oncologists who have been
previously treating the patients rarely manage critical
care units, there may also arise an additional bias
among ICU personnel, resulting in considerable dis-
agreement on treatment requirements. This disagree-
ment is likely to result in considerable stress being
placed on the patients affected, their families, nursing
staff and physicians.

Information given to patients who are to be enrolled
in antineoplastic treatment or haematopoietic stem cell
transplant procedures as well as the informed consent
obtained from those patients do not necessarily contain
explicit information regarding eventual emergencies.
Not least, decisions made by physicians regarding the
institution and limitation of critical care treatment pro-
cedures may be markedly influenced by legal considera-
tions, in particular the risk of prosecution in cases of
intentional treatment terminations.

In an attempt to facilitate an interdisciplinary
approach to treating cancer patients requiring ICU

Table 1
Fatality rates reported for cancer patients requiring ICU treatment
Authors n Setting Fatality
rate (%)
Bonfirm and colleagues [1] 90 MYV post-SCT 98
Groeger and colleagues [14] 782 MV in cancer 76
Price and colleagues [15] 115 ICU post-SCT 54
Tremblay and colleagues [11] 32 MVin AML 97
Faber-Langendoen and colleagues [3] 191 MYV post-BMT 90
Paz and colleagues [4] 36 ICU post-BMT 67
Afessa and colleagues [6] 35 ICU post-BMT 77

ICU, intensive care unit; MV, mechanical ventilation; SCT, haematopoie-
tic stem cell transplantation; AML, acute myeloid leukaemia; BMT, bone
marrow transplantation.

support in our hospitals, we retrospectively analysed the
outcome of patients referred to the ICU as an emer-
gency during a 2-year period.

2. Patients and methods

The Charité University Hospital is a 2500-bed Medi-
cal School of the Humboldt University of Berlin with
three separate sites including three adult haematology/
oncology departments, three adult marrow/blood stem
cell transplant units and four ICUs involved in the
treatment of patients with malignancies. The ICUs are
operated by cardiologists (ICU #1), internal intensive
care specialists (ICU #2), anaesthesiologists (ICU #3)
and both surgical oncologists and anaesthesiologists
(ICU #4). All patients with haematological or onco-
logical diseases who were admitted to one of these four
intensive care units were identified by evaluation of the
consecutive admission files during 1998 and 1999.
Patients electively admitted for postoperative care and
other non-emergency indications were excluded from
the analysis. Parameters evaluated were: age, gender,
underlying malignant disorder, most recent anticancer
treatment, presence of neutropenia (defined as granulo-
cyte count below 1000 per cubic millimetre), duration of
ICU stay, duration of hospitalisation, reason for ICU
admission, requirement of vasopressor support (i.e.
administration of dopamine, epinephrine or nor-
epinephrine), haemodialysis or haemofiltration, and the
need for mechanical ventilation. In addition, patient
records were checked for written instructions given by
the patients defining the limitation of their medical
treatment. Outcome was analysed with respect to death
during ICU treatment, death in hospital after transfer
from ICU to a non-ICU ward, and discharge alive from
hospital.

Sepsis was defined according to Bone and colleagues
[24]. A possible, probable or proven fungal infection
was defined according to the criteria proposed by the
consensus paper of the Invasive Fungal Infection
Cooperative Group of the European Organization for
Research and Treatment of Cancer (EORTC) and the
Mycoses Study Group of the National Institutes of
Allergy and Infectious Diseases [25].

The indication for intubation and mechanical
ventilation was based upon the appraisal of the ICU
professionals.

2.1. Statistical methods

Risk factors for death during ICU treatment were
calculated by univariate as well as by multivariate ana-
lysis using a logistic regression. For each analysis within
the logistic regression model, the total number of cases,
selected cases, and valid cases were calculated. The
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decision tree learning method for approximating dis-
crete-valued functions was applied according to Ripley
[26]. The root of a tree was the top node, and para-
meters were passed down the tree, with decisions being
made at each node until a terminal node or leaf was
reached. Each non-terminal node contained one ques-
tion on which a split was based. Each leaf contained the
label of a classification. Since each parameter was being
classified by the label of the leaf it reaches with a distinct
probability, the classification tree partitioned the space
of possible observations (i.e. patient data sets) into sub-
regions corresponding to the leaves.

The entropy based decision tree learning methods
search a completely expressive hypothesis space and
thus avoid the difficulties of restricted hypothesis spaces.
The inductive bias is a preference for small trees over
large trees. Additional techniques for improving the
predictive accuracy were ‘boosting’ and ‘cost functions’.
The accuracy is measured in connection with n-fold
cross-validation. The cases in the data file were divided
into n blocks of roughly the same size and class dis-
tribution (here, n=10). For each block in turn, a classi-
fier was constructed from the cases in the remaining
blocks and tested on the cases in the hold-out block. In
this way, each case was used just once as a test case. The
error rate of a classifier produced from all the cases was
estimated as the ratio of the total number of errors on
the hold-out cases to the total number of cases [26].
Cost function was used to calculate decision trees for
which the total cost of misclassification was minimised.
A boosting procedure [27] was applied to achieve a
higher predictive accuracy at the expense of increased
classifier construction time. For this purpose, a single
decision tree or rule-set was constructed as described
above. Since this classifier will usually make mistakes on
some cases in the data and the first decision tree possi-
bly gives the wrong class for some cases, a second clas-
sifier is constructed giving more attention to these cases.
The third classifier focused upon errors to be expected on
some cases due to the second classifier. This process was
continued for a predetermined number of iterations.

Decision trees were generated by entropy based
methods and cross-checked by various statistical tests
(calculation of P values). A F test was used for con-
tinuous variables. For nominal variables, the Pearson
Chi-squared test or the likelihood-ratio tests was used.
An association model and the likelihood-ratio test were
applied for ordinal target variables.

The results of the analysis were not used for indivi-
dual therapeutic decisions.

3. Results

From a total of 189 patients evaluable, 103 (54.5%)
had a solid tumour, 32 (16.9%) malignant lymphoma,

23 (12.2%) acute myeloid leukaemia, 8 (4.2%) multiple
myeloma, 5 (2.6%) acute lymphoblastic leukaemia, and
18 (9.5%) another malignancy such as chronic myeloid
leukaemia or myelodysplastic syndrome. Median age
was 62 years (range 18-96 years), 102 patients (54.0%)
were male. 60 patients (31.7% of the total) had under-
gone conventional chemotherapy, 51 (27.0%) surgery,
27 (14.3%) high-dose therapy followed by stem cell
transplantation, and 17 (9.0%) radiotherapy as their
most recent therapeutic procedure, whereas 34 patients
(18.0%) had not received specific anticancer treatment
before ICU admission. 53 patients (28.0% of the total)
were neutropenic at the time of their ICU admission.
The reason for ICU referral was pneumonia in 56
(29.6%), sepsis in 51 (27.0%), fungal infection in 21
(11.1%), another infection in 18 (9.5%), gastrointestinal
emergency in 32 (16.9%), treatment-related organ toxi-
city in 13 (6.9%), and another, non-infectious compli-
cation in 83 (43.9%) patients. Vasopressor support was
required in 95 (50.3%), mechanical ventilation in 94
(49.7%), and haemodialysis or haemofiltration in 50
(26.5%) patients.

Of 189 patients, 78 (41.3%) died during ICU treat-
ment, 23 (12.2%) died after transfer from ICU to a non-
ICU ward, and 67 (35.4%) could be discharged alive
from hospital (Table 2). For 21 patients (11.1%), no
information about their outcome was available after
their transfer from the ICU to another ward. Autopsy
was performed in 33 patients, i.e. 32.7% of the 101
patients who died in hospital. Among 51 patients who
had undergone surgery as their most recent therapeutic
intervention, ICU mortality was 27.4% compared with
46.4% among non-surgical patients (P=0.029). The
overall results broken down for different patient
characteristics are depicted in Table 3.

Sepsis, mechanical ventilation, vasopressor support,
renal replacement therapy and neutropenia were sig-
nificantly correlated with an increased risk of death
during ICU treatment, whereas the presence of organ
toxicity from preceding cancer treatment was sig-
nificantly predictive for survival. In a logistic regression
analysis, vasopressor support and mechanical venti-
lation (P <0.0001, each) were identified as independent
risk factors most strongly predicting fatal outcome dur-
ing ICU treatment, whereas treatment-related organ

Table 2
Overall results
n (%)

Death in ICU 78 (41.3)
Death in hospital after discharge from ICU 23 (12.2)
Discharged alive from ICU, lost to follow-up 21 (11.1)
Discharged alive from hospital 67 (35.4)
Total 189 (100.0)

ICU, intensive care unit.



786

toxicity and pretreatment by surgical oncology sig-
nificantly predicted a favourable outcome (P =0.0495
and 0.029, respectively) (Table 4). The median duration
of mechanical ventilation was 9.4 days in patients who
died in the ICU compared with 9.8 days in patients who
survived the ICU treatment period (P=0.87). The

Table 3
Treatment results related to patient characteristics
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underlying disease was not an independent prognostic
factor with regard to the outcome of ICU treatment.
Entering different prognostic factors into a prediction
model for the outcome of ICU treatment, requirement
of vasopressor support predicted ICU outcome with an
accuracy of 79.0% (sensitivity, 74.0%, specificity, 86.1%).
This predictive power could only be increased to 83.5%
(sensitivity, 84.6%, specificity, 81.9%) by sequential

n Death Documented Table 4
inICU  hospital Death in ICU: adverse prognostic factors
0, aly 0,
(%) mortality (%) Factor n Fatal outcome P
Fungal infection 21 714 76.2 (%) Value
Sepsis Sh 627 2.5 Sepsis 51 62.8 versus 33.3  0.0003
Pneumonia 56 554 67.9
L . Vasopressor support 95 69.5 versus 12.1  <0.0001
Abdominal infection 6  60.7 66.7 . oo
. . Mechanical ventilation 94  68.1 versus 13.8  <0.0001
Other infection 12 333 50.0 .
. . L Neutropenia 53 54.7 versus 35.8 0.0180
Gastrointestinal complication 32 219 40.6 ..
. . L Treatment-related organ toxicity 13 15.4 versus 43.2 0.0495
Other, non-infectious complication 83  34.9 45.8 .
.. Surgical treatment S1  27.4 versus 46.4 0.029
Treatment-related organ toxicity 13 154 30.8 Haemodialysis/haemofiltration 50  60.0 versus 34.6 0.0018
Neutropenia 53 547 67.9 ¥ ’ ’ ’
Vasopressor support 95  69.5 72.6 Total 189 413
Mechanical ventilation 94  68.1 72.3
Haemodialysis or haemofiltration 50  60.0 66.0 Fatal outcome was analysed by comparing mortality rates in patients
with versus without the presence of the respective prognostic factor.
Vasopressor support
Discharge alive: P = 0.0023
Death in ICU: P < 0.0001
1
I 1 1
No Yes Not documented:1

Discharge alive: 49 (53.8%)
Death in ICU: 11 (12.1%)

Discharge alive: 18 (18.9%)
Death in ICU: 66 (69.5%)

Discharge alive: 1
Death in ICU: 1

Total: 91 (48.1%)

Total: 95 (50.3%)

Total: 3 (1.6%)

Mechanical ventilation
Discharge alive: P = 0.0453
Death in ICU: P = 0.0044

No
Discharge alive: 3 (21.4%)
Death in ICU: 5 (35.7%)
Total: 14 (7.4%)

Yes
Discharge alive: 15 (18.5%)
Death in ICU: 61 (75.3%)
Total: 81 (42.9%)

Fungal infection
Discharge alive: P = 0.1579
Death in ICU: P = 0.0030

No

Discharge alive: 15 (22.4%)
Death in ICU: 47 (70.1%)
Total: 67 (35.4%)

Yes
Discharge alive: 0
Death in ICU: 14 (100%)
Total: 14 (7.4%)

Fig. 1. Decision-tree analysis of ICU survival in patients requiring vasopressor support.
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supplementation of other prognostic parameters such as
mechanical ventilation, treatment-related organ toxi-
city, gender and haemodialysis or haemofiltration.
Using a decision tree analysis, subgroups of patients
were identified who had particularly poor or markedly
favourable outcomes depending on their individual pat-
terns of risk factors, type of complication or intensive
care procedure applied. Requirement of vasopressor
support was the most significant single factor predicting
ICU mortality (69.5 versus 12.1% ICU mortality,
P <0.0001). Of the 95 patients who required vaso-
pressor support (Fig. 1), 81 were on mechanical venti-
lation, whereas 14 were not. The ICU mortality rate
showed a significant difference in favour of the non-
ventilated patients (ICU mortality rate, 75.3 versus
35.7%, P=0.0044). Of the 81 patients with vasopressor
support and mechanical ventilation, the underlying
complication was fungal infection in 14. These 14
patients had a mortality rate of 100% compared with
70.1% in the 67 patients with an underlying compli-
cation other than fungal infection (P =0.003) (Fig. 1).
Neutropenia was present in 53 of 189 (28.0%)
patients (Fig. 2), and was identified as significant factor
predicting for ICU mortality (death rate, 54.7 versus
35.8%, P<0.018). In neutropenic patients who required
mechanical ventilation (n=36), ICU mortality rate in
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these patients was significantly higher compared with
the 17 neutropenic patients not being ventilated (ICU
mortality rate, 72.2 versus 17.6%, P=0.0001). The
underlying complication among neutropenic, ventilated
patients was fungal infection in 11 patients, of whom
only 1 survived (Fig. 2).

Of 134 non-neutropenic patients, 21 (11.1%) had
sepsis (Fig. 3). Their ICU mortality rate (66.7%) was
significantly higher compared with the 113 non-neu-
tropenic patients without sepsis (mortality rate, 30.1%,
P=0.0017). However, the subgroup of non-neutropenic
patients with sepsis who did not require mechanical
ventilation (#=06) had a significantly lower ICU mor-
tality compared with those who underwent mechanical
ventilation (n=15) (ICU mortality rates, 16.7 versus
86.7%, P=0.002) (Fig. 3).

Sepsis with or without its sequelac was diagnosed in
51 patients (Fig. 4) Their ICU mortality was 62.7%
compared with 33.3% in patients without sepsis
(P <0.0003). In patients with sepsis, the need for vaso-
pressor support was significantly correlated with fatal
outcome (P <0.0001). In 13 patients with invasive fun-
gal infection as their reason for sepsis and vasopressor
support, mortality rate was 100%, compared with other
reasons (mortality rate, 65.5%, P=0.003). There was no
significant difference in the ICU mortality rates of sepsis

Neutropenia
P <0.018

No
Death in ICU: 48 (35.8%)
Total: 134 (70.9%)

Yes
Death in ICU: 29 (54.7%)
Total: 53 (28.0%)

Not documented: 1
Death in ICU: 1
Total: 2 (1.1%)

Mechanical ventilation

P =0.0001
1
1 1
No Yes
Death in ICU: 3 (17.6%) Death in ICU: 26 (72.2%)
Total: 17 Total: 36
Fungal infection
P =0.08
1
1 1
No Yes
Death in ICU: 16 (64.0%) Death in ICU: 10 (90.1%)
Total: 25 Total: 11

Fig. 2. Decision-tree analysis of ICU survival related to presence or absence of neutropenia (part 1).
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Neutropenia

P <0.018
|
| | |
No Yes Not Documented: 1
Death in ICU: 48 (35.8%) Death in ICU: 29 (54.7%) Death in ICU: 1
Total: 134 (70.9%) Total: 53 (28.0%) Total: 2 (1.1%)
Sepsis Mechanical ventilation
P =0.0017 P =0.0001
| | . | | | | |
No Yes No Yes
Death in ICU: 34 (30.1%) Death in ICU: 14 (66.7%) Death in ICU: 3 (17.6%) Death in ICU: 26 (72.2%)
Total: 113 Total: 21 Total: 17 Total: 36
Mechanical ventilation Sepsis
P =0.002 P =0.93
| | | |

No
Death in ICU: 1 (16.7%)
Total: 6 (3.2%)

Yes
Death in ICU: 13 (86.7%)
Total: 15 (7.9%)

No
Death in ICU: 10 (14.9%)
Total: 14 (7.4%)

Yes
Death in ICU: 16 (72.7%)
Total: 22 (11.6%)

Fig. 3. Decision-tree analysis of ICU survival related to presence or absence of neutropenia (part 2).

Sepsis
P < 0.0003

Yes

No

Survival: 19 (37.3%)
Death: 32 (62.7%)
Total: 51 (27.0%)

Survival: 92 (66.7%)
Death: 46 (33.3%)
Total: 138 (73.0%)

Pressor support
P < 0.0001

Yes
Survival: 10 (23.8%)
Death: 32 (76.2%)
Total: 42

No
Survival: 9 (100%)
Death: 0 (0%)
Total: 9

Fungal infection
P =0.003

Yes
Survival: 0 (0%)
Death: 13 (100%)
Total: 13

No
Survival: 10 (34.5%)
Death: 19 (65.5%)
Total: 29

Fig. 4. Decision-tree analysis of ICU survival in patients with sepsis.



G. Maschmeyer et al. | European Journal of Cancer 39 (2003) 783-792 789

patients with neutropenia (n=30) compared with non-
neutropenic patients (n =21, mortality rates, 60.0 versus
66.7%, P=0.63) (Fig. 4).

Patients without sepsis (n=138) had an ICU survival
rate of 66.7% (Fig. 5). Those who did not require
mechanical ventilation (n=280), had an ICU survival
rate of 87.5%, compared with non-septic, mechanically
ventilated patients (#=57) who had an ICU survival
rate of 38.6% (P <0.0001). Among the non-septic, non-
ventilated patients, 61 were younger than 74 years of
age. The ICU survival rate in this subgroup was 93.4%.
If this group was further analysed for the type of

underlying complication, a 100% survival rate among
29 patients with a non-infectious complication was
found (Fig. 5).

A prognostic model optimised for the prediction of
death during ICU treatment was derived from these
data by a boosting procedure based upon 10 entropy-
based, inductive learning procedures. Of 78 patients
who died during ICU treatment, death was predicted by
this model in 74 (94.9%). The 4 patients who died, but
for whom survival would have been predicted by this
model, were re-evaluated for their individual ICU
course. In all 4 patients, no vasopressor support and no

Sepsis
P < 0.0003

No
Survival: 92 (66.7%)
Death: 46 (33.3%)
Total: 138 (73.0%)

Yes
Survival: 19 (37.3%)
Death: 32 (62.7%)
Total: 51 (27.0%)

Mechanical ventilation
P < 0.0001

No
Survival: 70 (87.5%)
Death: 10 (12.5%)
Total: 80

Yes
Survival: 22 (38.6%)
Death: 35 (61.4%)
Total: 57

Not documented
Death: 1
Total: 1

Age
P =0.008

< 73 years > 73 years
Survival: 57 (93.4%) Survival: 13 (68.4%)
Death: 4 (6.6%) Death: 6 (31.6%)

Total: 61 Total: 19

Non-infectious
complications
P=0.02

No Yes
Survival: 28 (87.5%) Survival: 29 (100%)
Death: 4 (12.5%) Death: 0 (0%)
Total: 32 Total: 29

Fig. 5. Decision-tree analysis of ICU survival in patients without sepsis.
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mechanical ventilation was performed due to their older
age (69, 78, 81 and 96 years, respectively) and/or their
poor short-term prognosis due to their underlying
malignancy.

A written instruction given by patients specifying
their will concerning the extent and duration of inten-
sive care procedures in case of a life-threatening emer-
gency was found in the records of 6 of 189 patients
(3.2%).

4. Discussion

In accordance with other reports [4,14,15], the results
of our analysis indicate that the presence of an under-
lying malignancy in itself does not inevitably predict
unfavourable outcome of intensive care procedures and
therefore does not justify the exclusion of critically ill
cancer patients from these procedures. This study might
also help to reduce/avoid any adverse bias with regard to
the effectiveness of the efforts of critical care personnel. It
should be interesting to compare the outcome observed
in cancer patients to that of patients with non-malig-
nant diseases undergoing ICU treatment in ICU wards
during the same time period evaluated, and match the
results with the prognosis of their underlying diseases
[23]. Analysing patient subgroups by a mathematical
decision-tree technique, we could not identify a single
factor that was unequivocally correlated with a fatal
outcome so, from our perspective, no patient included
in this retrospective analysis should not have been
referred to an ICU for a single, specific factor. We did
not, however, evaluate how many cancer patients dur-
ing this 2-year period have never been referred to the
ICU because of their poor prognosis or their explicit
refusal to undergo critical care management.

The negative prognostic impact of haemodialysis or
haemofiltration, which was associated with a 60% mor-
tality rate in our study, has also been observed by
Lanore and colleagues [9] who described a 72% overall
mortality rate in 43 patients with haematological
malignancies undergoing haemodialysis. In their multi-
variate analysis of prognostic factors, they underlined
that among these patients, only the presence of sepsis,
the need for mechanical ventilation, and an unfavour-
able performance score predicted for poor outcome.
These findings match well our observations and indicate
that the need for renal replacement therapy in itself is
not an independent risk factor with respect to mortality
in patients with haematological malignancies.

Our study confirms that the necessity of mechanical
ventilation is a significant prognostic parameter pre-
dicting poor outcome of ICU treatment. In our cohort,
64 (68.1%) of 94 patients undergoing mechanical venti-
lation died during their ICU treatment, and another 5
patients (5.3%) died after extubation and discharge

from the ICU. This is in accordance with the results
reported by Groeger and colleagues [6] on a larger
number of mechanically ventilated cancer patients
(n=782), who had a 76% hospital mortality rate. The
availability of non-invasive mask ventilation (NIMV) in
many institutions with critical care patients has allowed
intubation and mechanical ventilation to be avoided in
some cases. In our hospital, only patients undergoing
allogeneic bone marrow or peripheral blood stem cell
transplantation were offered prophylactic training of the
use of NIMV. As a consequence of favourable results
reported in the literature [28], our group has encouraged
activities to establish NIMV in order to prevent pro-
gressive respiratory failure and intubation in cancer
patients at high risk of respiratory failure, e.g. from
invasive pulmonary fungal infections.

As reported by other authors, vasopressor support
has been the most significant single parameter predict-
ing unfavourable outcome in our study. However, here,
as well as in other reports, vasopressor support was not
further specified with respect to indication, dose, time
and substances administered. Thus, it cannot be exclu-
ded that in individual cases the administration of vaso-
pressors has reflected imminent death rather than
indicating the risk of fatal outcome. This important
differentiation will therefore be specified in our future
documentation system.

Because of the retrospective approach, dynamic
parameters such as the duration of mechanical venti-
lation have not been considered here. Prolonged
mechanical ventilation has been reported to be asso-
ciated with a particularly poor outcome [20]. However,
other investigators have not confirmed this parameter as
an independent, adverse prognostic factor [5,8]. For
clinical decision-making, the response over time to
mechanical ventilation among patients with respiratory
failure is likely to be a useful criterion to help decide
whether treatment should be escalated or limited.
Therefore, our prospective documentation system will
precisely record these data in the future.

Although we did not investigate the prognostic
impact of the number of organ systems affected by dys-
function, it can be assumed that the requirement of
mechanical ventilation and vasopressor support is a
surrogate for multi-organ dysfunction. Therefore, we
believe that our findings confirm the prognostic impact
of multi-organ dysfunction reported by others [6,7].

Prognostic scoring systems such as the Acute Phy-
siology and Chronic Health Evaluation (APACHE-II)
[13] or Simplified Acute Physiology score (SAPS-II) [29]
have been found to be of predictive value in cancer
patients undergoing ICU treatment [9,10,30]. Since the
four ICUs participating in this retrospective analysis did
not utilise the same documentation procedures, we have
not included those scores in our retrospective data ana-
lysis in order to avoid entering arbitrary data into the
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database. For future documentation, the SAPS-II
[29,31] and the Sepsis-related Organ Failure Assessment
(SOFA) score [32,33] will be recorded daily to enable
comparability of data from different institutions. It
must be considered, however, that these scoring systems
may not precisely reflect the prognostic status of
patients with malignancies, but will more likely under-
estimate their fatality rate [15].

Invasive fungal infection (IFI) was diagnosed in 21
patients in our cohort and was associated with a 71.4%
rate of ICU mortality, indicating that IFI necessitating
ICU treatment is not inevitably fatal. As in the study by
Janssen and colleagues [34], who reported a 92% mor-
tality rate in patients with invasive aspergillosis, a small
number of patients with this high-risk condition may be
salvaged by ICU procedures. It might be argued that
invasive fungal infections are not definitely proven in
our study. However, in clinical practice it is usual that
the diagnosis of an IFI is not clearly proven at the time a
decision on initiating critical care treatment is made.
Treatment decisions in these patients are based upon clin-
ical evidence, eventually supplemented by imaging techni-
ques [35] and non-culture based procedures [36—38] which
at present are validated in clinical studies with respect to
their accuracy in confirming the diagnosis of IF1.

Written instructions regarding the extent and limi-
tation of critical care procedures in cases of a life-
threatening emergency have been obtained from a small
number of cancer patients included in our analysis.
Those instructions may facilitate therapeutic decisions,
particularly for physicians not involved in the previous
treatment of an individual patient [39]. However, they
do not necessarily reflect the present state of mind of the
affected patients, who may exhibit marked fluctuations
in their will to live [40]. This must be carefully taken into
consideration. Moreover, in our study, we did not analyse
the number of patients with very advanced malignancies
who were not referred to the ICU because of their explicit
decision not to undergo critical care procedures.

We conclude from these data that cancer patients,
provided that they have not recently given their explicit
statement to refuse ICU treatment, should be con-
sidered for referral to the intensive care unit in an
emergency. It may be justified, however, to decide against
ICU treatment in patients with invasive fungal infections
requiring vasopressor support and mechanical ventila-
tion. Before our retrospective data analysis will be con-
sidered for individual therapeutic decisions, a prospective
validation of a documentation system based upon the
most significant prognostic parameters is essential.

References

1. Bonfirm CM, Badziak D, Pasquini R, er al. Survival of bone
marrow transplant patients receiving mechanical ventilation.
Blood 1999, 94(Suppl. 1), 156a (abstr. 685).

2.

10.

12.

13.

14.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Ewig S, Torres A, Riquelme R, et a/. Pulmonary complications in
patients with haematological malignancies treated at a respira-
tory ICU. Eur Respir J 1998, 12, 116-122.

. Faber-Langendoen K, Caplan AL, McGlave PB. Survival of

adult bone marrow transplant patients receiving mechanical ven-
tilation: a case for restricted use. Bone Marrow Transplant 1993,
12, 501-507.

Paz HL, Crilley P, Weinar M, et al. Outcome of patients requir-
ing medical ICU admission following bone marrow transplan-
tation. Chest 1993, 104, 527-531.

Peters SG, Meadows JA, Gracey DR. Outcome of respiratory
failure in hematologic malignancy. Chest 1988, 94, 99-102.
Afessa B, Tefferi A, Hoagland HC, et al. Outcome of recipients
of bone marrow transplants who require intensive-care unit sup-
port. Mayo Clin Proc 1992, 67, 117-122.

Lloyd-Thomas AR, Dhaliwal HS, Lister TA, et al. Intensive
therapy for life-threatening medical complications of haematolo-
gical malignancy. Intensive Care Med 1986, 12, 317-324.

Brunet F, Lanore JJ, Dhainaut JF, et al. Is intensive care justified
for patients with haematological malignancies? Intensive Care
Med 1990, 16, 291-297.

Lanore JJ, Brunet F, Pochard F, et al. Hemodialysis for acute
renal failure in patients with hematologic malignancies. Crit Care
Med 1991, 19, 346-351.

Dart R, Patel B, Perez-Alard J, et al. Prognosis of oncology
patients receiving intensive care using the APACHE II scoring
system. Md Med J 1991, 40, 273-276.

. Tremblay LN, Hyland RH, Schouten BD, ef al. Survival of acute

myelogenous leukemia patients requiring intubation/ventilatory
support. Clin Invest Med 1995, 18, 19-24.

Johnson MH, Gordon PW, Fitzgerald FT. Stratification of
prognosis in granulocytopenic patients with hematologic malig-
nancies using the APACHE-II severity of illness score. Crit Care
Med 1986, 14, 693-697.

Knaus WA, Draper EA, Wagner DP, et al. APACHE II: a severity
of disease classification system. Crit Care Med 1985, 13, 818-829.
Groeger JS, White Jr P, Nierman DM, et al. Outcome for cancer
patients requiring mechanical ventilation. J Clin Oncol 1999, 17,
991-997.

. Price KJ, Thall PF, Kish SK, et al. Prognostic indicators for

blood and marrow transplant patients admitted to an intensive
care unit. Am J Respir Crit Care Med 1998, 158, 876-884.
Schapira DV, Studnicki J, Bradham DD, et al. Intensive care,
survival, and expense of treating critically ill cancer patients.
JAMA 1993, 269, 783-789.

Brody H, Campbell ML, Faber-Langendoen K, et al. Withdrawing
intensive life-sustaining treatment-recommendations for compas-
sionate clinical management. N Engl J Med 1997, 336, 652-657.
Crawford SW, Petersen FB. Long-term survival from respiratory
failure after marrow transplantation for malignancy. Am Rev
Respir Dis 1992, 145, 510-514.

Paz HL, Garland A, Weinar M, et al. Effect of clinical outcomes
data on intensive care unit utilization by bone marrow transplant
patients. Crit Care Med 1998, 26, 66-70.

Schuster DP, Marion JM. Precedents for meaningful recovery dur-
ing treatment in a medical intensive care unit. Outcome in patients
with hematologic malignancy. Am J Med 1983, 75, 402-408.
Sculier JP. Intensive care and oncology. Support Care Cancer
1995, 3, 93-105.

Lawrence VA, Clark GM. Cancer and resuscitation. Does the diag-
nosis affect the decision? Arch Intern Med 1987, 147, 1637—-1640.
Wachter RM, Luce JM, Hearst N, et al. Decisions about resus-
citation: inequities among patients with different diseases but
similar prognoses. Ann Intern Med 1989, 111, 525-532.

Bone RC, Balk RA, Cerra FB, et al. Definitions for sepsis and
organ failure and guidelines for the use of innovative therapies in
sepsis. The ACCP/SCCM Consensus Conference Committee.



792

25.

26.

217.

28.

29.

30.

31

32.

G. Maschmeyer et al. | European Journal of Cancer 39 (2003) 783-792

American College of Chest Physicians/Society of Critical Care
Medicine. Chest 1992, 101, 1644-1655.

Ascioglu S, Rex JH, De Pauw B, et al. Defining opportunistic
fungal infections in immunocompromised patients with cancer
and hematopoietic stem cell transplants: an international con-
sensus. Clin Infect Dis 2002, 34, 7-14.

Ripley BD. Pattern Recognition and Neural Networks. Cam-
bridge, Cambridge University Press, 1996.

Freund Y, Shapiro RE. Experiments with a new boosting algo-
rithm. In Machine Learning: Thirteenth International Conference,
1996. Bari, Italy, July 3-6, 1996. http://www.di.unito.it/www/
ICML96/home.htl

Hilbert G, Gruson D, Vargas F, et al. Noninvasive ventilation in
immunosuppressed patients with pulmonary infiltrates, fever, and
acute respiratory failure. N Engl J Med 2001, 344, 481-487.
LeGall JR, Lemeshow S, Saulnier F. A new Simplified Acute
Physiology Score (SAPS 1I) based on a European/North Amer-
ican multicenter study. JAMA 1993, 270, 2957-2963.

Raffin TA. Intensive care unit survival of patients with systemic
illness. Am Rev Respir Dis 1989, 140, S28-S35.

LeGall JR, Lemeshow S, Leleu G, et al. Customized probability
models for early severe sepsis in adult intensive care patients.
Intensive Care Unit Scoring Group. JAMA 1995, 273, 644—650.
Moreno R, Vincent JL, Matos R, et al. The use of maximum
SOFA score to quantify organ dysfunction/failure in intensive
care. Results of a prospective, multicentre study. Working Group
on Sepsis related Problems of the ESICM. Intensive Care Med
1999, 25, 686-696.

33.

34.

35.

36.

37.

38.

39.

40.

Vincent JL, Moreno R, Takala J, et al. The SOFA (Sepsis-related
Organ Failure Assessment) score to describe organ dysfunction/
failure. Intensive Care Med 1996, 22, 707-710.

Janssen JJWM, Strack van Schijndel RJM, van der Post Clement
EH, et al. Outcome of ICU treatment in invasive aspergillosis.
Intensive Care Med 1996, 22, 1315-1322.

Heussel CP, Kauczor HU, Heussel GE, et al. Pneumonia in feb-
rile neutropenic patients and in bone marrow and blood stem-cell
transplant recipients: use of high-resolution computed tomo-
graphy. J Clin Oncol 1999, 17, 796-805.

Hebart H, Lofler J, Meisner C, et al. Early detection of asper-
gillus infection after allogeneic stem cell transplantation by poly-
merase chain reaction. J Infect Dis 2000, 181, 1713-1719.
Maertens J, Verhaegen J, Demuynck H, et al. Autopsy-controlled
prospective evaluation of serial screening for circulating galacto-
mannan by a sandwich enzyme-linked immunosorbent assay for
hematological patients at risk for invasive aspergillosis. J Clin
Microbiol 1999, 37, 3223-3228.

Verweij PE, Stynen D, Rijs AJ, e al. Sandwich enzyme-linked
immunosorbent assay compared with Pastorex latex agglutina-
tion test for diagnosing invasive aspergillosis in immunocompro-
mised patients. J Clin Microbiol 1995, 33, 1912-1914.

American Heart Association. Guidelines for cardiopulmonary
resuscitation and emergency cardiac care. Emergency cardiac
care committee and subcommittees, Part VIII. Ethical considera-
tions in resuscitation. JAMA 1992; 268:2282-2288.

Chochinov HM, Tataryn D, Clinch JJ, et al. Will to live in the
terminally ill. Lancet 1999, 354, 816-819.



	Outcome analysis of 189 consecutive cancer patients referred to the intensive care unit as emergencies during a 2-year period
	Introduction
	Patients and methods
	Statistical methods

	Results
	Discussion
	References


