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ABSTRACT: High case volume is associated with improved survival in medical and surgical

conditions. The present study sought to determine whether intensive care unit (ICU) case volume

was associated with survival of critically ill patients with haematological malignancies and acute

respiratory failure (ARF).

A regional database containing data from 1,753 haematological patients with ARF admitted to

28 medical ICUs from 1997 to 2004 was used. Multivariate analysis using mixed models was

performed to adjust for severity of illness and other confounding factors, including a propensity

score that incorporates differences between ICUs with different case volumes.

The three case volume tertiles were: low volume (,12 admissions per year), intermediate

volume (12–30 admissions per year), and high volume (.30 admissions per year). In univariate

analyses, ICU case volume was not associated with ICU mortality. After adjusting for prognostic

factors for ICU mortality and the propensity score, patients in high-volume ICUs had lower

mortality than other patients. A case volume increase of one admission per year led to a

significant mortality reduction with an odds ratio of 0.98 (95% confidence limits 0.97–0.99).

Mortality was independently associated with severity of organ dysfunction.

In intensive care units admitting larger numbers of critically ill haematological patients with

acute respiratory failure, mortality was lower than in other intensive care units. The mechanisms

of the relationship between volume and outcome among haematological patients with acute

respiratory deserve additional studies.

KEYWORDS: Acute leukaemia, bone marrow transplant, lymphoma, mechanical ventilation,

myeloma, neutropenia

O
ver the last 20 yrs, substantial diagnostic
and therapeutic advances have increased
overall and disease-free survivals in

patients with haematological malignancies [1].
Agents targeting the pathophysiological mecha-
nisms of haematological malignancies [2, 3],
increases in the intensity and duration of lifespan-
extending cancer treatments [4] and more wide-
spread use of allogeneic bone marrow transplan-
tation [5] contribute to the survival gains, but also
cause life-threatening toxic and infectious compli-
cations. As a result, the number of haematological
patients admitted to the intensive care unit (ICU)
is increasing [6, 7].

Acute respiratory failure (ARF) is the main reason
for ICU admission of patients with haematological
malignancies [7–9]. ARF occurs in 10–20% of
patients with acute leukaemia or lymphoma and

in about half the patients with neutropenia or bone
marrow transplantation [10, 11]. ARF in haemato-
logical patients is a dreaded event that is fatal in
up to 50% of cases, with the highest mortality rates
occurring among patients with allogeneic bone
marrow transplantation or mechanical ventilation
[8–13]. Furthermore, failure to identify the patho-
gen causing pulmonary infiltrates in haematology
patients with ARF is associated with a decreased
survival [10, 11, 14]. Clinical experience (with both
haematological malignancies and ARF) and
knowledge of the literature may aid recognition
of specific infectious diseases, drug-related toxi-
cities, the many complex factors contributing to
noninfectious pulmonary involvement, and the
frequent intertwining of multiple disease pro-
cesses in individual patients [10]. Clinical experi-
ence is related to case volume, suggesting that
survival might be better in high-volume ICUs.
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An association between the number of patients with a specific
condition treated in a hospital (hospital volume) and outcomes
in these patients has been reported for numerous medical and
surgical conditions [15], including ARF treated with mechan-
ical ventilation [16]. This volume–outcome relationship may
either stem from a beneficial effect of greater provider
experience or from selective referral to providers who obtain
better outcomes. The current authors hypothesised that higher
case volume is associated with better survival in ICU patients
with haematological malignancies and ARF.

The purpose of the present study was to examine the
relationship between ICU volume and survival among
critically ill haematology patients with ARF. Therefore, data
from a regional database in the Paris area of France was used
to examine mortality rates according to case volume.

PATIENTS AND METHODS
Database characteristics
In 1992, the French Society for Critical Care (Société de
Réanimation de Langue Française) sponsored the creation of
a regional database, the Collège des Utilisateurs de Bases de
données en Réanimation (CUB-Réa) Network, in the urban

area of Paris (France). The number of participating ICUs
reached 33 in 1997, 37 in 2000, and 35 in 2004. The variables to
be recorded have been defined and definitions for each
variable created. All data were recorded prospectively in each
ICU using standardised database software. Coding methods
are harmonised during annual meetings. The database quality
has been assessed in a previous study [17]. Recorded variables
are shown in table 1. The simplified acute physiology score
(SAPS) II is recorded within 24 h of ICU admission [18]; the
use of life-sustaining therapies (dialysis, vasopressors and
mechanical ventilation) is collected throughout the ICU stay.
Neutropenia is defined as a total leukocyte count ,1,000 mm-3.
Close neurological monitoring includes repeated clinical eva-
luations, lumbar puncture, electroencephalogram and cerebral
magnetic resonance imaging. Vital status is collected at ICU
discharge. For the present study, the data used was entered into
the database during the first 8 yrs, i.e. from 1997 to 2004.

Eligibility criteria
Only data from ICUs that participated continuously in the
CUB-Rea database for 8 yrs were used. Among patients in the
database, adults with haematological malignancies who were

TABLE 1 Factors associated with intensive care unit (ICU) mortality

Survivors Decedents OR (95% CI) p-value

Subjects 1041 (59.38) 712 (40.62)

Age yrs 56.94¡16.99 58.48¡16.53 1.00# (0.99–1.01) 0.30

Males 607 (58.30) 448 (62.92) 1.24 (1.02–1.51) 0.03

University hospital 878 (84.34) 578 (81.17) 0.90 (0.57–1.42) 0.64

Haematology ward in the hospital 822 (78.96) 536 (75.28) 0.99 (0.64–1.52) 0.95

ICU admission 1997–2002 708 (68.01) 471 (66.15) 1.00 (0.84–1.25) 0.77

Location before ICU admission

Home 296 (28.43) 179 (25.14) 1.00

Hospital ward 607 (58.30) 419 (58.84) 1.19 (0.94–1.51) 0.12

Other hospital 138 (13.25) 114 (16.01) 1.20 (0.87–1.63) 0.26

Acute leukaemia 263 (25.26) 216 (30.33) 1.30 (1.05–1.62) 0.01

Non-Hodgkin lymphoma 299 (28.72) 211 (29.63) 1.03 (0.83–1.27) 0.74

Bone marrow transplant 86 (8.26) 71 (9.97) 1.46 (1.04–2.04) 0.03

Neutropenia 297 (28.53) 276 (38.76) 1.58 (1.30–1.92) ,0.0001

Bronchoscopy and BAL 352 (33.81) 249 (34.97) 1.12 (0.92–1.37) 0.24

SAPS II at ICU admission 44.32¡16.11 68.16¡26.25 1.05" (1.04–1.06) ,0.0001

Organ failures and life-sustaining therapies

Need for noninvasive mechanical ventilation 311 (29.87) 170 (23.87) 0.74 (0.60–0.92) 0.01

Need for invasive mechanical ventilation+ 322 (30.93) 645 (90.58) 21.54 (16.37–28.54) ,0.0001

Criteria for ARDS 50 (4.80) 153 (21.48) 6.23 (4.38–8.87) ,0.0001

Length of mechanical ventilation 2.90¡8.04 6.61¡9.54 1.05 (1.03–1.06) ,0.0001

Presence of shock 201 (19.30) 496 (69.66) 9.87 (7.80–12.49) ,0.0001

Need for vasopressors 273 (26.22) 579 (81.32) 12.55 (9.92–15.88) ,0.0001

Acute renal failure 217 (20.84) 378 (53.08) 5.58 (4.16–7.49) ,0.0001

Need for renal replacement therapy 74 (7.10) 213 (29.91) 4.17 (3.36–5.18) ,0.0001

Coma 60 (5.76) 146 (20.50) 4.13 (3.02–5.66) ,0.0001

Close neurological monitoring 228 (21.90) 237 (33.28) 1.85 (1.49–2.30) ,0.0001

ICU length of stay 7.97¡11.19 8.59¡10.88 1.00 (0.99–1.01) 0.50

Data are presented as n (%) or mean¡ SD, unless otherwise stated. A univariable mixed regression model was used. OR: odds ratio; CI: confidence interval;

BAL: bronchoalveolar lavage; SAPS II: simplified acute physiology score version II; ARDS: acute respiratory distress syndrome. #: per year; ": per point; +: some patients

received both mechanical ventilation and noninvasive mechanical ventilation.
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admitted to these medical ICUs for ARF were identified.
Patients admitted after emergency or scheduled surgery were
excluded. Patients with AIDS were also excluded.

ICU volumes
To measure the volume of critically ill haematological patients
with ARF, annual estimators were used based on either the
number of admissions per year (1997–2004) or the cumulative
annual mean number of admissions during the study period.
For instance, the cumulative annual mean number of admis-
sions for 1998 was the total number of patients admitted to that
ICU before and in 1998 (i.e. in 1997 and 1998) divided by two,
and the 1999 ICU cumulative mean number was the total
number of patients admitted in that ICU before and in 1999 (i.e.
in 1997, 1998 and 1999) divided by three. The annual
prevalence of critically ill haematological patients with ARF
was similarly computed by dividing volume estimates
(number of admissions of haematological patients with ARF
and cumulative annual mean number of admissions) by the
corresponding number of total admissions.

Statistical analysis
To study the period effect on ICU mortality, the current
authors relied on a nonparametric estimate of the shape of the
mortality rate curve over the study period. This allowed
identification of dates that distinguished periods characterised
by different mortality rates.

To analyse the volume–outcome relationship, funnel plots of
observed annual mortality rates against case volume were
created, in which the target was the overall mean mortality rate
in the study cohort [19]. Control limits, based on quantile
functions for the binomial distribution, allowed identification
of ICUs that differed significantly from the target, as defined
by a two-sided p-value ,0.05 (corresponding to 1.966SD from
the target). Spearman correlation coefficients between ICU
volume and mortality rate were computed. Following this,
individual patient data were used to build regression models
in which the dependent variable was ICU mortality and the
independent variables were ICU volumes and potential
predictors of ICU mortality (table 1). Moreover, given the
potential for a centre effect, mixed models were used [20, 21].
Univariate analyses were performed and factors associated

with the outcome at the 20% level were entered into the
multivariate analysis. The final model included only prognos-
tic variables that were statistically significant at the a/k level,
determined by dividing the error rate a50.05 by the number
(k516) of variables entered into the multivariate model [22,
23]. To estimate the effect of volume on mortality, adjusted for
the prognostic variables selected so far, the variable was forced
into the final multivariate mixed model. Finally, to better
incorporate differences in baseline characteristics of patients

TABLE 2 Description of the study cohort according to year of intensive care unit admission

Year ARF-H n ARF-H-MV Admissions from home Neutropenia Bone marrow transplant Death %

1997 149 69 (46.30) 29 (19.46) 37 (24.83) 19 (12.75) 34.9

1998 196 92 (46.93) 46 (23.46) 56 (28.57) 26 (13.26) 35.2

1999 216 116 (53.70) 55 (25.46) 91 (42.12) 26 (12.03) 44.0

2000 207 100 (48.30) 51 (24.63) 83 (40.09) 20 (9.66) 37.3

2001 188 98 (52.12) 64 (34.04) 88 (42.51) 12 (6.38) 41.5

2002 223 125 (56.05) 61 (27.35) 81 (36.32) 14 (6.27) 44.4

2003 266 143 (53.75) 71 (26.69) 119 (44.73) 17 (6.39) 41.3

2004 308 224 (72.72) 98 (31.81) 18 (5.84) 23 (7.46) 42.5

Total 1753 967 (55.16) 475 (27.09) 573 (32.68) 157 (8.95) 712 (40.6)

Data are presented as n (%), unless otherwise stated. ARF-H: overall population of patients with acute respiratory failure and haematological malignancies; ARF-H-MV:

subgroup of patients who required invasive mechanical ventilation.
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FIGURE 1. Patient flow chart. ICU: intensive care unit; ARF: acute respiratory

failure. #: 97,542 patients with no haematological malignancy, 3,655 with AIDS,

27,735 surgical patients and 26 aged ,18 yrs.
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admitted to ICUs in each of the three ICU case volume tertiles
(high volume .30 admissions per year; intermediate volume
12–30 admissions per year; and low volume ,12 admissions
per year), a propensity score was developed for the category of
the admitting ICU and the value of this score was incorporated
into the previous model [24, 25]. The propensity score was
derived from an odds proportional regression model with
volume category as the dependent variable. All available
patient characteristics at ICU admission (age, sex, SAPS II,

cancer status, bone marrow transplant status, acute leukaemia
status and non-Hodgkin lymphoma status) were screened for
inclusion in the model and the propensity score was then
estimated for each patient. The final propensity score model
included only those variables that were statistically significant
at the corrected level as indicated above (with k56).

RESULTS
Between January 1997 and December 2004, a total of 154,563
patients were consecutively admitted to the medical ICUs
participating in the database. The patient flow chart is shown
in figure 1. Among the 4,213 critically ill haematological
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FIGURE 3. Mortality rates across participating intensive care units.

&: haematological patients with acute respiratory failure (ARF) requiring invasive

mechanical ventilation; &: haematological patients with ARF (all patients).
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FIGURE 4. Funnel plots of observed annual mortality rates in patients with haematological malignancies according to the use of invasive mechanical ventilation.

a) Intensive care unit (ICU) mortality in 28 French ICUs, 1997–2004. Funnel plots of the observed annual mortality against case volume of acute respiratory failure (ARF)

patients. No statistically significant correlation was observed between case volume and mortality (Spearman coefficient -0.06, 95% confidence interval -0.20–0.09; p50.44).

b) ICU mortality in 28 French ICUs, 1997–2004. Funnel plots of the observed annual mortality against case volume of ARF patients undergoing mechanical ventilation (MV).

No statistically significant correlation was observed between case volume and mortality (Spearman coefficient -0.001, 95% confidence interval -0.15–0.15; p50.99).

Equations used were as follows. Xij is the number of haematological patients with ARF during year i in ICU j. Yij is the number of patients admitted in ICU j in year i. The annual

volume of haematological patients with ARF in year i and ICU j is Xij. The annual prevalence of haematological patients with ARF in year i and ICU j is Xij/Yij. The cumulative

annual volume of haematological patients with ARF in year i+2 and ICU j is (X-ij+Xi+1j+Xi+2j)/((i+2-i)+1). The cumulative annual prevalence of haematological patients with ARF in

year i+2 and ICU j is ((Xij+Xi+1j+Xi+2j)/((i+2-i)+1))/((Yij+Yi+1j+Yi+2j)/((i+2-i)+1))5(Xij+Xi+1j+Xi+2j)/(Yij+Yi+1j+Yi+2j).
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FIGURE 2. Mortality rates according to the number of organ failures. Organ

failures were haematological (neutropenia), renal (renal replacement therapy),

respiratory (invasive mechanical ventilation), cardiovascular (vasopressors) and

neurological (coma). ? ? – ? ? – ? ?: no organ failures; ? – ? – ?: one organ failure;

– – – – –: two organ failures; - - - - -: three organ failures; ? ? ? ? ?: four organ failures;

–––––: five organ failures.
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patients, 1,753 (41.60%) were admitted for ARF and form the
basis of the present study. Table 1 reports patient character-
istics. Acute leukaemia and non-Hodgkin lymphoma were the
main haematological malignancies. There were 157 (8.96%)
bone marrow transplant recipients and 573 (32.68%) patients
with neutropenia. Approximately one-quarter of the patients
were admitted directly to the ICU from home. The SAPS II
score was 54.00¡23.89, indicating an expected survival rate of
44.67%. Ventilatory support was needed in 1,232 (70.27%)
patients and consisted of noninvasive mechanical ventilation
in 481 (27.43%) patients and invasive mechanical ventilation in
967 (55.16%) patients. ICU length of stay was 8.22¡11.07 days
and ICU mortality was 40.61% (712 deaths). In 67 (9.41%)
patients, a decision to withhold mechanical ventilation was
implemented; all these patients died in the ICU. As reported in
table 2, ICU admissions and the use of mechanical ventilation
increased over the study period. However, mortality remained
stable over time. Figure 2 shows mortality rates according to

the number of organ failures, figure 3 shows mortality rates
across study ICUs, and figure 4 shows the relationship
between case volume and mortality. No significant correlation
between ICU volume and mortality was observed.

As shown in table 3, severity at ICU admission, number of
organ failures and use of life-sustaining therapies were
independent predictors of mortality. In addition, in patients
requiring ventilatory support, mortality was lower when
noninvasive mechanical ventilation was used instead of
invasive mechanical ventilation (fig. 1). Table 4 reports the
variables associated with the propensity for admission to low-,
intermediate- or high-volume ICUs. The multivariate model
identified six variables associated with volume category of the
admitting ICU: age, acute leukaemia, bone marrow transplant,
solid tumour, patient location before admission and SAPS II.
Patients admitted to high-volume ICUs were younger, more
likely to have acute leukaemia or non-Hodgkin lymphoma,
less likely to have solid tumours and less likely to be admitted
from home.

As reported in table 5, the annual volume of critically ill
haematological patients with ARF was associated with ICU
mortality after adjustment for the prognostic factors and
propensity score. For instance, a volume difference of 10
patients per year was associated with an odds ratio for death of
0.808 in the high-volume ICUs.

DISCUSSION
The present study is the first to show that critically ill
haematological patients with ARF have a better chance of
survival in ICUs admitting higher volumes of such patients.
Using a large database containing 1,753 critically ill haemato-
logical patients with ARF admitted to 28 ICUs, it was found
that the annual volume of such patients independently affected
mortality (taking into account centre effect and other indepen-
dent predictors of mortality, as well as differences in ICUs
populations admitted to each volume category (high, inter-
mediate and low), via a propensity score).

TABLE 3 Factors associated with intensive care unit (ICU)
mortality: results of the multivariate mixed
regression model

OR (95% CI) p-value

SAPS II score at ICU admission 1.02 (1.01–1.03) ,0.0001

Mechanical ventilation 7.17 (5.03–10.20) ,0.0001

Criteria for ARDS 2.66 (1.73–4.10) ,0.0001

Shock 2.43 (1.77–3.33) ,0.0001

Need for vasopressors 2.94 (2.15–4.02) ,0.0001

Coma 2.36 (2.15–4.02) ,0.0001

Need for renal replacement therapy 2.07 (1.42–3.01) ,0.0001

Length of mechanical ventilation days 0.98 (0.96–0.99) ,0.0001

OR: odds ratio; CI: confidence interval; SAPS II: simplified acute physiology

score version II; ARDS: acute respiratory distress syndrome.

TABLE 4 Variables associated with the propensity for admission to a low-, intermediate- or high-volume intensive care unit (ICU)

ICU admissions Multivariate odds proportional model

Low Intermediate High OR (95% CI) p-value

Subjects 550 (31.37) 763 (43.52) 440 (25.09)

Age yrs 62.84¡16.21 56.81¡16.34 52.28¡16.52 0.98 (0.97–0.99) ,0.0001

Acute leukaemia 92 (16.72) 245 (32.11) 142 (32.27) 1.89 (1.52–2.35) ,0.0001

Bone marrow transplant 13 (2.36) 56 (7.33) 88 (20) 4.17 (2.93–5.94) ,0.0001

Non-Hodgkin lymphoma 158 (28.72) 228 (29.88) 124 (28.18) 1.49 (1.20–1.85) 0.00091

Concomitant solid tumour 38 (6.9) 26 (3.4) 10 (2.3) 0.50 (0.31–0.78) 0.003

Admission from hospital ward 276 (50.18) 495 (64.8) 255 (57.95) 1.33 (1.09–1.62) 0.006

Admission from other hospital 74 (13.45) 95 (12.45) 83 (18.86) 1.58 (1.18–2.12) 0.002

SAPS II 54.02¡23.33 55.99¡24.84 50.53¡22.53 NS

Males 335 (60.90) 455 (59.63) 265 (60.22) NS

Data are presented as n (%) or mean¡SD, unless otherwise stated. Volume is defined as the number of patients with haematological malignancies and acute respiratory

failure admitted to the intensive care unit each year. Low volume: ,12 patients per year; intermediate volume: 12–30 patients per year; high volume: .30 patients per

year. OR: odds ratio; CI: confidence interval; SAPS II: simplified acute physiology score version II; NS: nonsignificant.
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Previous studies have shown similar findings in surgical
patients, with decreased mortality in centres having high
volumes of cardiac or cancer surgery patients [26, 27].
Recently, KAHN et al. [16] have shown that hospital volume
was associated with outcome in patients receiving mechanical
ventilation. However, to the current authors’ knowledge, this
association has not been previously investigated in critically ill
haematological patients with ARF. Given the large number of
causes of ARF in haematological patients and the frequent
combination of multiple causes in individual patients, greater
clinical experience might lead to better patient management
[10]. In particular, identification of the cause of ARF is
associated with improved survival [11, 14, 28] and might
benefit from greater clinical experience. Although the use of
noninvasive mechanical ventilation and close collaboration
with haematological consultants may help to manage these
patients [28, 29], neither variable was independently associated
with mortality in the present study, suggesting that intensive
care specialists may acquire the skills needed to achieve
optimal management provided they see a sufficient number of
patients with haematological malignancies and ARF. In
haematological patients with ARF, the number of ICU
admissions is rising and life-sustaining treatments (most
notably mechanical ventilation) are increasingly used [6, 8].
The findings of the present study show that mortality is closely
associated with the use of mechanical ventilation, renal
replacement therapy and vasopressors. Further studies are

needed to investigate volume effects in patients with each type
of organ failure managed in the ICU.

The current study has many limitations. First, it was
performed in a single country. Previous studies have shown
that haematological patients are often denied ICU admission
based on guidelines from learned societies [30–32]. However,
guidelines are applied in a uniform manner across industria-
lised countries [33]. Secondly, only critically ill haematological
patients with ARF were investigated, and the findings may not
apply to other populations. Previous studies focused on ARF
in all ICU patients. The mechanisms underlying ARF are
particularly complex in patients with haematological malig-
nancies, which might leave more room for clinical experience
to affect outcomes [11, 16, 34]. ARF is the main reason for ICU
admission of haematological patients and mechanical ventila-
tion is the leading predictor of death [8, 9, 14]. Thirdly, it was
not possible to distinguish between allogeneic and autologous
bone marrow transplantation, whose outcomes differed mark-
edly in earlier studies [6, 12, 13, 35]. However, recipients of
allogeneic bone marrow transplant, who have poorer out-
comes, are probably admitted to high-volume ICUs. ARF
usually occurs early after allogeneic bone marrow transplant,
so that the patient is generally admitted to the ICU located in
the same hospital as the transplant unit. A higher proportion of
allogeneic bone marrow transplant recipients would be
expected to increase mortality rates, thereby masking a
beneficial effect of volume on survival; however, mortality
was lower in high-volume ICUs. Finally, only ICU outcome
was recorded.

The results of the present study suggest that clinician
experience or specific processes of care common to high-
volume centres may be associated with outcomes of haematol-
ogy patients with acute respiratory failure. Additional research
is needed to clarify the mechanisms underlying the volume–
outcome relationship. Knowledge of these mechanisms would
help to design programmes for improving outcomes in low-
volume intensive care units or aid in the referral of patients to
specialised centres.
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