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ABSTRACT

Background. Cancer patients are at high risk for acute kidney
injury (AKI), which is associated with high morbidity andmor-
tality. We sought to appraise the incidence, risk factors, and
outcome of AKI in a large multicentre cohort study of critically
ill patients with haematological malignancies.
Methods. We used a retrospective analysis of a prospectively
collected database. The study was carried out in 17 university
or university-affiliated centres in France and Belgium between
2010 and 2012. AKI was defined according to the Acute Kidney
Injury Network (AKIN) definition.
Results. Of the 1011 patients admitted into the intensive care
unit (ICU) during the study period, 1009 were included in
this study. According to the AKIN definition, 671 patients
(66.5%) developed an AKI during their ICU stay, of which
258 patients (38.4%) were AKI stage 1, 75 patients (11.2%)
AKI stage 2 and 338 patients (50.4%) AKI stage 3. After adjust-
ment for confounders, main adverse risk factors of AKI were
older age, severity [non-renal Sequential Organ Failure Assess-
ment (SOFA)], history of hypertension, tumour lysis syndrome,

exposure to nephrotoxic agents and myeloma. Hospital mortal-
ity was 44.3% in patients with AKI and 25.4% in patients with-
out AKI (P < 0.0001). After adjustment for confounders, AKI
was independently associated with hospital mortality [OR 1.65
(95% CI 1.19–2.29)]. Overall, 271 patients required renal re-
placement therapy (RRT), of whom 57.2% died during their
hospital stay as compared with 31.2% (P < 0.0001) in those
not requiring RRT.
Conclusion. Two-thirds of critically ill patients with haemato-
logical malignancies developed AKI. Hospital mortality in this
population of patients developing AKI or requiring RRT is close
to that in general ICU population.

Keywords: acute kidney injury, ICU, prognosis, renal replace-
ment therapy, tumour lysis syndrome

INTRODUCTION

Acute kidney injury (AKI) in critically ill patients is common
and is associated with substantial morbidity, mortality and con-
sumption of healthcare resources.Moreover, it is also associated
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with a substantial risk for long-term morbidity [1–5]. Cancer
patients are at higher risk of AKI [6]. Sepsis, hypoperfusion,
specific complications such tumour lysis syndrome or AKI re-
sulting from the haematological malignancy itself or its treat-
ment are the leading causes of AKI in patients with
haematological malignancies [7–12].

Among general critically ill patients, AKI-related mortality
exceeds 30% and reaches or exceeds 50% if renal replacement
therapy (RRT) is required [2, 5, 13–15]. AKI in critically ill pa-
tients with haematological malignancies has been associated
with a mortality rate >85% when RRT is required [10, 16]. In
addition to the poor hospital mortality, AKI decreases the
chances of achieving a complete remission and adversely affects
long-term survival in these patients [9, 17, 18].

Most of the studies assessing prognosis in critically ill cancer
patients with AKI have been retrospective monocentre cohort
studies, raising doubts regarding the external validity of the pre-
sented results [7, 9, 10, 16]. In addition, the definition of AKI
varied widely across these studies, precluding an accurate evalu-
ation of both incidence and risk factors in these patients. Recent
the Acute Kidney Injury Network (AKIN) and Kidney Disease:
Improving Global Outcomes (KDIGO) definitions provided
consensus definitions of AKI in order to allow comparison
across studies [19, 20].

The primary objective of this study was to describe the inci-
dence and risk factors of AKI according to the AKIN definition
in a large multicentre cohort study of critically ill patients with
haematological malignancies. Secondary objectives were to as-
sess hospital mortality and report the influence of AKI, AKI se-
verity and the need for RRT on outcomes among these patients.

MATERIALS AND METHODS

Study population

We performed a retrospective analysis of prospectively col-
lected data from a recent study assessing prognosis in critically
ill patients suffering from haematological malignancies [21].
Patients were prospectively included from 2010 to 2012. The
study was carried out in 17 intensive care units (ICUs) in France
and Belgium that belonged to a research network instituted in
2005. In all 17 centres, a senior intensivist and a senior haema-
tologist are available around the clock andmake ICU admission
decisions together. In addition, the majority of the participating
centres had at least one intensivist having a background in neph-
rology or nephrology as a primary specialty. The appropriate eth-
ics committees approved this study and it was conducted in
accordance with principles of the Declaration of Helsinki [21].

Definitions

Newly diagnosed haematologicalmalignancieswere defined as
diagnosed within the past 4 weeks prior to or on ICU admission.
Neutropenia was defined as a neutrophil count <500/mm3. The
Sequential Organ Failure Assessment (SOFA) score was com-
puted at admission and then daily throughout the entire stay in
the ICU; this score provides an estimate of the risk of death
based on organ dysfunction [22]. A modified SOFA score at ad-
mission (SOFA score without its renal component) was also

computed. The Eastern Cooperative Oncology Group perform-
ance status (PS) [23] and Charlson comorbidity index [24]
were determined at ICU admission. Both leukaemia and lymph-
oma are already part of the Charlson comorbidity index [24].

The presence of AKI was evaluated in each patient at study
inclusion. AKI was defined according to the AKIN classification
scheme [20] as either serum creatinine elevation≥26.4 μmoL/L
(0.3 mg/dL) occurring within 48 h, serum creatinine elevation
≥150% from baseline or urine output <0.5 mL/kg/h for ≥6 h.

The lowest serum creatinine value in the 3 months preceding
inclusion was taken as the baseline value. This baseline serum
creatinine was to be reported as per protocol in every patient
with a previous history of renal or urological disorder (143 of
the studied patients). When there was no history of renal dis-
order, the baseline creatinine was assumed to be normal and
was back-calculated using theModification of Diet in Renal Dis-
ease (MDRD) formula (four-variable equation) while assuming
an eGFR of 75 mL/min/1.73 m² before ICU admission as sug-
gested by the Acute Dialysis Quality Initiative (ADQI) [19, 25].

Chronic kidney disease (CKD) was defined as the associ-
ation of a pre-existing CKD and according to the KDIGO
definition [26].

Reasons for ICU admission were recorded based on the
main symptoms at ICU admission. Acute respiratory failure
was defined as oxygen saturation <90% or a partial pressure
of oxygen in arterial blood (PaO2) <60 mmHg on room air
combined with severe dyspnoea at rest with an inability to
speak in sentences or a respiratory rate >30 breaths per minute
or clinical signs of respiratory distress [27]. Shock was defined
as previously reported [28]. Life-supporting interventions,
RRT, anti-infectious agents, prophylactic treatments, urate oxi-
dase use and diagnostic procedures were administered at the
discretion of the attending intensivists, who followed best clin-
ical practices and guidelines. Chemotherapy, corticosteroids,
haematopoietic growth factors, immunosuppressive drugs
and other cancer-related treatments were prescribed by the
haematologist in charge of each patient in accordance with in-
stitutional guidelines. Tumour lysis syndrome was defined ac-
cording to the 2008 consensus definition [29].

Aetiologic diagnoses and definition of sepsis were made by
consensus by the intensivists, haematologists and consultants,
according to recent definitions [21, 30]. In particular, aetiolo-
gies of pulmonary involvement were diagnosed based on prede-
fined criteria [27]; for possible or probable invasive pulmonary
aspergillosis, the most recent definitions were used [31].

Statistical analysis

Results are reported as medians and quartiles [interquartile
range (IQR)] or number and percent. Categorical variables were
compared using the chi-square test or Fisher’s exact test as ap-
propriate, and continuous variables using the non-parametric
Wilcoxon test or the Mann–Whitney test.

We performed logistic regression analyses to identify vari-
ables statistically significantly associated with AKI, RRT and
hospital mortality, as measured by the estimated OR with the
95% CI. Variables yielding P-values <0.20 in the univariate
analyses or considered clinically relevant were entered into a
backward stepwise logistic regression model. Non-log-linear
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continuous variables were dichotomized. The covariates were
entered into the model with critical entry and removal P-values
of 0.20 and 0.1, respectively. Multicollinearity and interactions
were tested. The Hosmer–Lemeshow test was used to check
goodness-of-fit of the logistic regression.

Survival curves have been constructed according to the Ka-
plan–Meier method. Comparison across severity class of AKI
was performed using the log-rank test.

All tests were two-sided and P-values <0.05 were considered
statistically significant. Statistical tests were done using the SPSS
13 software package (IBM, Armonk, NY, USA).

RESULTS

Patients’ characteristics

Among the 1011 patients, data regarding renal function were
evaluable for 1009 patients who were included in this study
(Figure 1). Table 1 reports the characteristics of the patients.
Overall, 612 patients (60.7%) were male and the median age
was 60 years (range 49–70). The median SOFA score at ICU
admission was 6 (range 3–9). The Charlson comorbidity
index was 4 (range 2–5) and 195 (19.3%) patients had a poor
performance status (bedridden/disabled). Of the included pa-
tients, 349 (34.6%) had acute leukaemia, 396 (39.2%) a non-
Hodgkin’s lymphoma and 126 (12.5%) had myeloma. Two
hundred and thirty-three patients (23.1%) were in partial or
complete remission and 144 had undergone allogeneic stem
cell transplantation (14.3%). Last, 648 had ongoing cancer

chemotherapy with a median delay between last cure and
ICU admission of 19 days (range 8–70).

The delay between hospital and ICU admission was 4 days
(range 1–6). Most patients were admitted from a hospital ward
[742 (73.5%)], including 183 patients admitted within 24 h of
hospital admission. Two hundred and sixty-seven patients were
admitted directly to the ICU.

The main reasons for ICU admission (one or more) were
acute respiratory failure in 630 patients (62.4%), shock in 428
(42.4%), acute kidney injury in 308 (30.5%), coma in 225
(22.3%) and urgent chemotherapy in 70 (6.9%). At admission,
652 patients presented with sepsis (64.6%), including 285 pa-
tients with sepsis/septic shock (28.2%).

AKI and risk factors

According to the AKIN definition, 671 patients [66.5% (95%
CI 63.6–69.4)] had AKI during their ICU stay, including 258
patients (38.4%) with AKI stage I, 75 patients (11.2%) with
AKI stage II and 338 patients (50.4%) with AKI stage 3
(Figure 1). Across the participating centres, the AKI proportion
ranged from 40% (95% CI 18.5–61.5) to 84.4% (95% CI 73.8–
95). Most of the patients [n = 555 (82.7%)] had AKI at ICU ad-
mission: 56 patients (8.3%) at Day 1, 40 patients (6.0%) at Day 2
and 20 patients (3.0%) at Day 3 or later during their ICU stay.
Among patients with AKI, AKI was defined by oliguria in 181
patients (27.0%), creatinine elevation in 287 patients (42.7%)
and by both in 203 patients (30.3%).

Sepsis and septic shock were the main risk factors identified
with AKI (Table 1 and Supplementary Figure S1). One hundred

F IGURE 1 : Flow chart of patients admitted during the study period.
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and twenty-seven patients (12.6%) had a history of CKD, 272
(27.0%) a history of hypertension and 109 (10.8%) had diabetes
mellitus. Concomitant nephrotoxic agents were identified in
201 patients (19.9%), including calcineurin inhibitors in 87 pa-
tients (8.6%), aminoglycosides in 29 patients (2.9%), glycopep-
tides in 25 (2.5%), angiotensin-converting enzymes inhibitors
(ACEIs) or angiotensin II receptor blockers (ARBs) in 17 pa-
tients (1.7%) and iodinated contrast media in 10 patients
(0.9%). Ninety-four patients had acute tumour lysis syndrome

(9.3%). The rate of AKI was similar in patients who received
cancer chemotherapy the week preceding ICU admission
(66.6 versus 63.8%; P = 0.69).

After adjustment for confounders, older age, initial severity
as assessed by a modified SOFA score (SOFA score without its
renal component), history of hypertension, tumour lysis syn-
drome, exposure to a nephrotoxic agent and myeloma as an
underlying malignancy were independently associated with
AKI (Table 2). When forced in the final model, neither

Table 1. Patient characteristics

AKI
(N = 671)

No AKI
(N = 338)

P-value

Male gender, n (%) 427 (63.3) 185 (54.7) 0.08
Age (years), median (range) 62 (52–71) 57 (44–66) <0.0001
Poor performance status, n (%) 65 (19.3) 132 (19.2) 0.99
SOFA score at ICU admission [22], median (range) 6 (4–10) 4 (2–7) <0.0001
Charlson comorbidity index [24], median (range) 4 (3–6) 4 (2–5) <0.0001
Baseline creatinine (μmol/L), median (range) 88 (80–97) 86 (80–97) 0.51
Body mass index (kg/m²), median (range) 24.2 (20.9–27.6) 23.9 (20.7–26.7) 0.34
Characteristics at admission, median (range)
Serum creatinine 136 (91–224) 70 (54–89) <0.0001
Diuresis (L/day) 0.8 (0.4–1.5) 1.7 (1.2–2.6) <0.0001
Leucocytes (G/L) 6.3 (0.8–16.9) 4.0 (0.8–12.3) 0.06
Hemoglobin (g/dL) 8.9 (7.7–10.2) 9.2 (7.9–10.3) 0.31
Platelets (G/L) 65 (29–138) 58 (29–145) 0.94
Lactate dehydrogenase (× normal values) 1 (1–3) 1 (1–2) 0.84
Lactates 2.2 (1.3–4.9) 1.7 (1.1–3.2) <0.0001

Underlying malignancy, n (%)
Acute myeloid leukaemia 163 (24.3) 110 (32.5) 0.005
Acute lymphoblastic leukaemia 44 (6.6) 32 (9.5) 0.10
Non-Hodgkin lymphoma 268 (39.9) 128 (37.9) 0.41
Myeloma 101 (15.1) 25 (7.3) 0.0005
Miscellaneous malignancies 95 (14.1) 43 (12.7) 0.56
Partial/complete remission 153 (22.8) 80 (25.2) 0.76

Stem cells transplantation, n (%)
Autologous 65 (9.7) 39 (11.5) 0.36
Allogeneic 99 (14.8) 45 (13.3) 0.53

Factors associated with AKI, n (%)
Nephrotoxic agent 170 (25.3) 31 (9.2) <0.0001
Including calcineurin inhibitors 67 (10.0) 20 (5.9) 0.03

Tumour lysis syndrome 83 (12.4) 11 (3.3) <0.0001
CKD according to KDIGO 103 (15.3) 24 (7.1) <0.0001

Including Stage G1 11 (1.6) 1 (0.3)
Stage G2 29 (4.3) 10 (3.0)
Stage G3 41 (6.1) 7 (2.1)
Stage G4 15 (2.2) 4 (1.2)
Stage G5 7 (1.0) 2 (0.6)

Chronic heart failure 95 (14.2) 34 (10.6) 0.07
Coronary artery disease 63 (9.4) 12 (3.6) 0.008
Diabetes mellitus 78 (11.6) 31 (9.2) 0.37
History of hypertension 212 (31.6) 60 (17.8) <0.0001
Sepsis 435 (64.8) 217 (64.2) 0.84
Including severe sepsis/septic shock 210 (31.3) 75 (22.2) 0.006

Organ support at ICU admission, n (%)
Mechanical ventilation 211 (31.7) 73 (21.7) 0.0009
Non-invasive mechanical ventilation 101 (15.2) 64 (19.2) 0.11
Vasopressors 241 (34.9) 80 (23.7) <0.0001
RRT 107 (15.9) 5 (1.5) <0.0001
Transfusion of red blood cells 306 (45.6) 115 (34.0) 0.0004
Number of PRBCs from day 1 to day 7, median (range) 0 (0–2) 0 (0–2) 0.002

RRT during ICU stay, n (%) 254 (37.8) 17 (5.0) <0.0001
ICU mortality, n (%) 226 (33.7) 52 (15.4) <0.0001
Hospital mortality, n (%) 297 (44.3) 86 (25.4) <0.0001

PRBCs, packed red blood cells.
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transfusion of red blood cells nor the number of packed red
blood cells was selected, nor did they modify the final model.

Influence of AKI on outcome

Overall, 297 patients with AKI (44.3%) and 86 patients
(25.4%) without AKI died during their hospital stay (P <
0.0001; Supplementary Figure S2). The decision to forgo life-
sustaining therapy was made in 228 patients (22.6%), including
183 patients with AKI (27.3%) and 44 patients without AKI
(13.0%; P < 0.0001). Among these patients, 165 died during
their ICU stay (72.4%) and 195 during their hospital stay (85.6%).

After adjustment for confounders, AKI remained associated
independently with hospital mortality [OR 1.65 (95% CI 1.19–
2.29); Table 3]. Six additional factors were independently
associated with poor outcome, namely allogeneic stem cells
transplantation, severity as assessed by the modified SOFA
score (SOFA score without its renal component), cardiac arrest
and acute respiratory failure as themain reasons for ICU admis-
sion, aspergillosis and Charlson comorbidity index. Two factors
were associated with hospital survival, namely myeloma as an
underlyingmalignancy and complete or partial remission of the
underlying malignancy at ICU admission (Table 3).

A sensitivity analysis was performed after exclusion of pa-
tients with AKI after Day 0 (ICU admission) and the final
model and influence of AKI on outcome remain unchanged.

Hospital mortality in patients with AKI stages 1, 2 and 3 were
36.0, 49.3 and 49.6%, respectively (P < 0.0001; Figures 1 and 2).
The adjusted influence of AKI stage on outcome is reported in
Supplementary Table S1. Similarly, patients with AKI defined
by oliguria alone had a lower mortality (34.3%) than patients

with serum creatinine elevation (41.6%) or patients who met
both AKI criteria (57.1%; P < 0.001).

RRT

Overall, 271 patients (26.9%) received RRT during their ICU
stay, including 17 patients (6.2% of patients receiving RRT)
without AKI, 53 patients (19.6%) with AKI stage 1, 27 patients
with AKI stage 2 (9.9%) and 174 patients with AKI stage 3
(64.2%). The delay between maximal AKI stage and RRT initi-
ation was 1 day (range 0–1). The initial modality of RRT was
continuous RRT [continuous venovenous haemofiltration
(CVVH), continuous venovenous haemodialysis (CVVHD),
continuous venovenous haemodiafiltration (CVVHDF)] in
136 patients and intermittent haemodialysis (IHD) or sustained
low-efficiency dialysis (SLED) in 135 patients. Among ICU sur-
vivors, 15 patients (12.9%) remain dependent on RRT, includ-
ing 11 patients initially treated by IHD (16.4%) and 4 patients
initially treated by continuous RRT (8.1%; P = 0.26).

After adjustment for confounders, patients with vasopres-
sors were more likely to be treated initially with continuous
RRT [OR 1.94 (95% CI 1.16–3.25)] and patients with CKD to
receive IHD (Supplementary Table S2).

Overall, 155 patients requiring RRT (57.2%) and 230 patients
who did not require RRT (31.2%) died during their hospital stay
(P < 0.0001; Figure 3). After adjustment for confounders, RRT
modality was not associated with outcome (Supplementary
Table S3). Similarly, when maximal AKI stage or delay between
maximal AKI stage and RRTwere forced in the final model, they
did not modify the final model and were not selected.

DISCUSSION

This study describes the incidence of AKI according to AKIN
classification, risk factors of AKI and outcomes in 1009

Table 2. Independent predictors of AKI (conditional backward logistic
regression)

OR 95% CI P-value

Age (per year) 1.02 1.01–1.030 0.001
History of hypertension 1.53 1.06–2.21 0.02
Tumour lysis syndrome 4.66 2.38–9.15 <0.0001
Nephrotoxic agents 3.55 1.92–6.57 <0.0001
Myeloma 1.93 1.18–3.15 0.01
SOFA score at admission (per point)a 1.16 1.11–1.21 <0.0001

Hosmer–Lemeshow goodness-of-fit: χ² = 9.05; P = 0.34.
aModified SOFA score at admission (SOFA score without its renal component) [22].

Table 3. Independent predictors of hospital mortality (conditional
backward logistic regression)

OR 95% CI P-value

Allogeneic SCT 3.10 1.97–4.89 <0.0001
SOFA (per point)a 1.18 1.13–1.23 <0.0001
Any stage of AKI 1.65 1.19–2.29 0.003
Cardiac arrest as reason for admission 12.50 1.43–109.3 0.02
Acute respiratory failure at admission 1.53 1.13–2.06 0.006
Aspergillosis 2.01 1.13–3.57 0.02
Charlson index [24] (per point) 1.09 1.02–1.16 0.008
Myeloma 0.58 0.37–0.91 0.02
Partial or complete remission 0.50 0.34–0.74 0.001

Hosmer–Lemeshow goodness-of-fit: χ² = 5.57; P = 0.62; C-stat = 0.71.
SCT, stem cells transplantation.
aModified SOFA score at admission (SOFA score without its renal component) [22].

F IGURE 2 : Cumulative survival according to AKI and its severity
(no AKI: dark blue line; AKI stage 1: light blue line; AKI stage 2: light
green line; AKI stage 3: deep green line). Comparison according to
log-rank test; P < 0.0001.
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critically ill patients with haematological malignancies admit-
ted to 17 ICUs between 2010 and 2012. This large multicentre
study provides three valuable pieces of information. First, our
results confirm the high incidence of AKI in this population.
Hence, two-thirds of the patients develop any stage of AKI dur-
ing ICU stay compared with 30–40% in the general ICU popu-
lation [5, 13]. Second, although both AKI and RRT were
associated with a higher mortality in the studied population,
the mortality rates of both patients with AKI and patients re-
quiring RRT approach that of the general ICU population
with similar illness severity [2, 5, 13, 14, 19]. Last, our study pro-
vides several identified risk factors of AKI in this specific popu-
lation. Interestingly, besides the usual risk factors of AKI (age,
previous history of hypertension or pre-existing CKD), only
two factors related to the underlying malignancy were inde-
pendently associated with AKI, namely tumour lysis syndrome
and myeloma.

In keeping with previous findings, our study underlines the
high prevalence of AKI in critically ill patients with haemato-
logical malignancies [6, 9, 18]. In our study, two-thirds of
these patients admitted in the 17 participating centres experi-
enced any degree of AKI and one-third experienced a stage 3
AKI. These results contrast with the incidence in the general
population of hospitalized patients (15–20% of AKI) or in
critically ill patients (30–40%) according to AKIN or
KDIGO-equivalent definitions [5, 13, 32–34]. Our results are
nevertheless in accordance with previous studies in this field.
Hence, previous studies of our group performed in patients
with newly diagnosed high-grade haematological malignancies
suggested that up to 20% of the cancer patients and up to 36% of
patients with high-grade malignancies experienced AKI [18,
35]. Additionally, up to 69% of these patients develop AKI
when ICU admission is required [8, 9, 36]. A previous study
performed by Soares et al. [10] reported an AKI prevalence of
32% using RIFLE (Risk of renal injury/Injury to the kidney/
Failure of kidney function/Loss of kidney function/End stage

disease) criteria. However, 80% of the studied patients had
solid tumours, a condition that may be less associated with spe-
cific causes for AKI. Hence, in this study, only 10% of the fac-
tors associated with AKI were related to the underlying
malignancies. In a population-based study performed in the
health region of Calgary (Canada), Bagshaw et al. [6] under-
lined the higher risk of AKI in cancer patients (relative risk of
developing AKIwas as high as 9.9). Our study confirms the high
incidence of AKI according to the AKIN definition in the stud-
ied population.

Additionally, this multicentre study provides information
regarding the outcome of critically ill haematological patients
with AKI. Hence, in our study, hospital mortality was 44.2%
in patients with AKI and 57.2% in patients requiring RRT. Al-
though comparison with previous studies is difficult given the
differences in case mix and patient severity, the hospital mor-
tality of AKI patients in our study is similar to the 25–40% range
reported in previous large cohort studies using objective and re-
cognized AKI criteria [2, 5, 13, 32]. Similarly, two large multi-
centre studies assessing dialysis doses in critically ill patients
reported hospital mortality rates of 44% [15] and 50% [14].
Our results contrast with the high in-hospital mortality re-
ported by previous studies [10, 16, 37] and suggest that the im-
proved outcome in critically ill cancer patients also includes this
specific population of patients [38–40]. Our results indicate that
the presence of AKI in itself should not justify denial for ICU
admission in patients with haematological malignancies. Of
note, although hospital mortality in multiple myeloma patients
was similar to the hospital mortality in the study population
(31.0 versus 39.7%; P = 0.08), multiple myeloma was found to
be protective for hospital mortality when AKI was taken into
account. In keeping with previous studies, this suggests AKI
is a major prognostic factor in myeloma patients admitted in
the ICU [41].

Our study has several limitations that need to be taken into
account. First, despite the multicentre design, we cannot ex-
clude selection bias due to local admission policies. However,
each participating ICU worked in close collaboration with the
haematologists, and both senior intensivists and haematologists
were available at any time. Therefore our results may not be ex-
trapolated to ICUs or hospitals with lower physician availability
or with lower staffing. Additionally, most of the patients with
AKI already had an AKI at ICU admission, suggesting renal in-
jury occurred during the hospital stay or before ICU admission.
The delay between AKI occurrence and ICU admission was not
recorded in this study and may have influenced patients’ out-
comes. Previous studies suggested a shorter delay between
organ dysfunction and ICU admission to be beneficial in the
general population of critically ill cancer patients or those
with specific conditions such as severe sepsis [21, 42]. Specific
studies are needed to assess the influence of timing before ICU
admission in patients with AKI. Additionally, the choice to
continue ACEIs or ARBs along with nephrotoxic agents is de-
batable. A recent study suggested that these agents were not as-
sociated with structural damage biomarkers in surgical patients
[43]. Nevertheless, ACEIs and ARBs were associated with both
increased incidence and increased severity of AKI [43]. Last,
baseline serum creatinine was missing for patients without

F IGURE 3 : Cumulative survival according to RRT requirement (no
RRT: dark line; RRT: grey line). Comparison according to log-rank
test; P < 0.0001.
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urologic or renal pre-existing disease. Therefore, and in accord-
ance with current guidelines, baseline creatinine was back-
calculated from the MDRD assuming a 75 mL/kg/m² glomeru-
lar filtration rate [19, 25]. Although validated in previous works
[44], this imputation may overestimate incidence of AKI by
nearly 10% and misclassify the severity of AKI in up to 30%
of patients [45]. This misclassification usually occurs as result
of the assumption of a low normal baseline renal function
(thus ignoring pre-existing CKD) but also assuming that pa-
tients have comparable muscle mass as the age-, gender- and
weight-matched patients. However, baseline creatinine was re-
corded for every patient with a history of urologic or renal pre-
existing diseases, limiting the risk of unrecognized CKD in this
cohort. Additionally, body mass index was within the normal
range for a European ICU population [46] and similar in pa-
tients with and without AKI despite the underlying malig-
nancy. This is likely to have mitigated biases related to the
use of MDRD-estimated baseline creatinine in this database.

In summary, in this large multicentre cohort study including
critically ill patients with haematological malignancies we
found a 67% incidence of AKI. Half of the patients experienced
severe AKI according to the AKIN classification and 27% of the
overall population required RRT. In addition to the usual risk
factors of AKI, myeloma and tumour lysis syndrome were the
main additional factors associated with AKI in this population
of patients. Hospital mortality approached that reported in the
general ICU population with AKI. Additional studies are
needed to further explore long-term consequences of AKI on
remission rate and to evaluate specific preventive measures in
this population of patients.

SUPPLEMENTARY DATA

Supplementary data are available online at http://ndt.oxford-
journals.org.
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