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Abstract 

Purpose:  Contemporary data on mortality of hematological patients admitted to the intensive care unit (ICU) are 
missing. In a Danish nationwide set-up, we assessed 30-day and 1-year mortality in this population including impact 
of age and comorbidity, with non-hematological patients as reference.

Methods:  This population-based cohort study included all non-surgical patients > 15 years of age admitted to an ICU 
in Denmark between 2010 and 2015. Data on hematological malignancies were obtained from the Danish Hemato-
logical Database, and information on the Charlson Comorbidity Index was obtained from the Danish National Patient 
Registry. Thirty-day and 1-year mortality was estimated using the Kaplan–Meier method. We used Cox proportional 
hazards regression to estimate hazard ratios.

Results:  We included 2122 ICU patients with a hematological malignancy and 88,951 non-hematological ICU 
patients. The 30-day mortality was 44% (95% confidence interval: 42–47%) among hematological patients and 27% 
(27–27%) among non-hematological patients. Similarly, 1-year mortality was 66% (64–68%) and 37% (37–37%), 
respectively. The corresponding hazard ratio with adjustment for age, sex, and comorbidity was 1.62 (1.54–1.71). 
Excess mortality was observed in all subgroups of age or of comorbidity. For example, the 1-year mortality for patients 
with Charlson Comorbidity Index Score > 3: 70% (66–74%) among hematological patients and 62% (61–63%) among 
non-hematological patients.

Conclusion:  ICU patients with hematological malignancy had higher mortality than other ICU patients. However, 
one third of critically ill patients with a hematological malignancy is alive 1 year after ICU admission

Keywords:  Hematology, Critical illness, Sepsis, Mortality

Introduction

Survival is improving for hematological malignancies in 
general. In Europe, 5-year survival increased by more 

than 10% for a number of hematological malignancies 
during a 10-year period from 1997 to 2008 [1]. Similarly, 
for critically ill hematological patients, a recent publica-
tion found an annual mortality reduction of 7% [2]. The 
reduction was found even though severity of critical ill-
ness increased in the same period. Nevertheless, admis-
sions to the intensive care unit (ICU) for patients with 
hematological malignancies are still subject to contro-
versies, and robust contemporary evidence is needed to 
reduce reluctance to admit hematological patients to the 
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ICU. Up-to-date information is becoming increasingly 
important with the explosion of new treatments available 
for some of the most common hematological malignan-
cies [3, 4].

Despite increased focus on critically ill patients with 
hematological malignancies, the currently available data 
have several limitations. Many reports do not distinguish 
patients with solid tumors and hematological malignan-
cies [5, 6]. Restriction to hematological patients is impor-
tant because of the different nature of the malignancy 
often involving immune paresis, either as an effect of the 
malignancy itself or as an effect of high-dose combina-
tion immuno-chemotherapy. Second, studies that include 
follow-up time beyond ICU discharge have substantial 
drop-out rates, for example almost 10% at 1 year follow-
up in an otherwise well performed study in France and 
Belgium [7]. Third, so far, no studies include non-hema-
tological patients, which allows for direct comparison 
of mortality. Lastly, detailed comorbidity data are often 
lacking.

The aim of the current study was to assess character-
istics and outcome among patients with hematological 
malignancies treated on contemporary treatment proto-
cols admitted to the ICU in a population-based hospital 
setting with complete follow-up. Specifically, we investi-
gated mortality up to 1 year from ICU admission and ICU 
admission characteristics for patients with hematological 
malignancies overall, in subgroups of hematological diag-
nosis, age and comorbidity, and with non-hematological 
ICU patients as reference.

Methods
Setting
The study was performed in Denmark with inclusion of 
data from 2010 to 2015. The Danish health care system is 
tax-supported with equal access to care regardless of eco-
nomic status. A unique personal identification number 
allows linkage of a number of different nationwide reg-
istries with complete coverage and information that have 
been validated also for research purposes [8].

Study population
Our study population comprised all patients admitted 
to the ICU at a Danish hospital from January 1, 2010 
to December 31, 2015. Specifically, we used the Danish 
Intensive Care Database, which is a nation-wide registry. 
The coverage of the registry is considered to be ~ 95% [9]. 
For the current study, we included only first-time ICU 
admissions. We excluded patients under age 15  years. 
Patients coded with a surgical procedure on the day of or 
1 day prior to ICU admission were considered admitted 
for a surgical reason and were excluded. Patients included 

had to have a Danish personal identification number 
to allow for linkage between registries [8]. A flowchart 
showing exclusion is given in Supplementary Fig. 1.

Exposure status
Patients with hematological malignancies were identified 
from the Danish Hematological Database. The database 
contains data on all incidences of hematological malig-
nancies in Denmark. The content of the database has 
been described in detail in the four different parts of the 
registry: The Danish National Acute Leukemia Registry 
[10], the Danish National Lymphoma Registry [11], the 
Danish National Multiple Myeloma Registry [12], and 
the Danish National Chronic Myeloproliferative Neopla-
sia Registry [13]. The coverage of the registries varies but 
are generally high; 99.6% for acute leukemias [14], ~ 90% 
for myelodysplastic syndrome [10], 94.9% for lympho-
mas [11], ~ 100% for multiple myeloma [12], and > 90% for 
chronic myeloproliferative neoplasms (CMPD) [13]. The 
database includes data on the specific malignancy, date of 
diagnosis, and WHO performance score. For each of the 
registries, a number of clinical and biochemical data from 
time of diagnosis are collected. However, although some 
treatment information is reported, the completeness of 
these data is too low for general use. For hematological 
patients, only ICU admissions after the date of diagno-
sis of their malignancy was included. In cases where 
individual patients received more than one hematologi-
cal diagnosis, the most recent was used in the analysis. 
Our main analysis included all patients with hematologi-
cal malignancies but in subsequent analyses we stratified 
by type of hematological malignancy into acute leukemia, 
multiple myeloma, CMPD, and lymphoma. Low-risk 
myelodysplastic syndrome was included in the CMPD 
group and chronic lymphocytic leukemia was included 
in the lymphoma group. We further stratified by disease 
aggressiveness. High-grade disease included acute leuke-
mia, Burkitt lymphoma, diffuse large B-cell lymphoma, 
other high-grade B-cell lymphomas, Hodgkin lymphoma, 
and T-cell lymphomas, and low-grade disease included 
all other hematological malignancies.

Take‑home message 

In this population-based cohort of more than 2000 patients with 
hematological malignancies admitted to the intensive care unit, one 
third was still alive 1 year after admission. Mortality was higher than 
in non-hematological patients, a difference that was reduced but 
did not disappear with increasing age and comorbidity.
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Outcome and follow‑up
The outcome of interest in this study was all-cause mor-
tality. Individuals were followed from the time of admis-
sion to the ICU to 1 year from admission, emigration, or 
31 December 2015 using the Danish Civil Registration 
System. The information in this registry is virtually com-
plete with a prevalence of disappeared persons of only 
0.3%. The registry also contains information on date of 
birth and sex [8]. In a landmark analysis to assess out-
come following UCI discharge, follow-up started at the 
time of hospital discharge.

Covariates
From the Danish Intensive Care Database, we collected 
information on the date and time of ICU admission, type 
of admission, organ-supportive treatments, and Simpli-
fied Acute Physiology Score (SAPS) II. For most vari-
ables, the completeness is 100% throughout the study 
period, for other variables like mechanical ventilation, 
the completeness increased from 64% in the beginning 
of the study period to 95% in 2015. SAPS II complete-
ness ranged from 24% in 2010 to ≈ 75% in the following 
years [9]. From the Danish Hematological Database, we 
collected WHO performance status at the time of diag-
nosis of hematological malignancy (completeness ≈99%) 
[10–13]. To quantify the level of comorbidity, we used 
Charlson Comorbidity Index score. The score was gen-
erated using the Danish National Patients Registry and 
to obtain a meaningful comparison of the hematologi-
cal and non-hematological patient cohort, the hemato-
logical malignancy was omitted when calculating the 
comorbidity index [15]. The Danish National Patients 
Registry includes information on all hospital admissions 
since 1977. Each hospital admission initiates a record, 
which includes the personal identification number of the 
patient, admission and discharge dates, a primary dis-
charge diagnosis, and supplementary diagnoses coded 
according to the International Classification of Diseases 
(ICD), 7th (1977–1993) and 10th revision (1994–today). 
No specific diagnosis code is reported for ICU admis-
sions; hence, we report the primary diagnosis as the 
primary diagnosis for the entire admission. For specific 
diagnosis codes, see Supplementary Table  1. Patients 
with non-hematological malignancies were defined as 
patients registered with a cancer diagnosis (excluding 
non-melanoma skin cancers and hematological cancer) 
in the National Registry of Patients within 5 years of the 
ICU admission.

Statistical analysis
Categorical variables are presented as frequen-
cies and continuous variables as medians [with 1st 
and 3rd quartiles (Q25–Q75)]. Mortality probabilities 

were plotted using 1-Kaplan–Meier survival curves 
and reported at 30  days and 1 year with 95% confi-
dence intervals (CI). We compared mortality between 
hematological and non-hematological patients using 
Cox proportional hazards with five different models. 
In addition to a crude model, we ran four different 
adjusted models accounting also for clustering by ICU 
admission unit (see below). In model 1, we adjusted 
for sex, age (continuous, linear), year of admission 
(categorical), and Charlson Comorbidity Index Score 
(categorical). In model 2 and 3, we investigated how 
the hazard ratio changed with inclusion of informa-
tion on the primary cause of admission and SAPS II, 
respectively. Model 4 was a sensitivity analysis only 
including patients without missing SAPS II. Model 
1 was considered the primary analysis because it did 
not include information obtained after ICU admission 
and therefore more informative in relation to the main 
aim of the study. The proportional hazards assump-
tion was checked using Log–Log plots and found to be 
met. More sophisticated modelling of the continuous 
variable age such as spline or fractional polynomial 
approaches did not alter the estimates, and therefore 
simple linearity was preferred (results not shown). 
SAPS II was modelled as a spline (natural cubic, 8 
knots) due to a moderate effect on the estimates. Miss-
ing information on the SAPS II variable was handled 
by multiple imputation (30 imputations) under the 
assumption that these data were missing at random. 
The predictive mean matching method was used to 
produce the imputed values [16]. The estimates of each 
imputation were combined using Rubin’s rules [17]. 
The justification of the missing at random assumption 
was investigated by inspecting the patient characteris-
tics of putative imputation variables by missing status 
of SAPS II. Subsequently, logistic regression was used 
to confirm that the variables predicted missing SAPS 
II to some extent (results not shown). The variables 
included in the imputation were all of those entered in 
the Cox proportional hazards models (exposure, out-
come, and covariates). We further included the follow-
ing auxiliary variables to aid in the prediction of SAPS 
II: hematological malignancy, indicator of whether 
the patient was alive at discharge, the Nelson–Aalen 
cumulative hazard of all-cause mortality [18], hospital 
type, need for mechanical ventilation, renal replace-
ment therapy, and vasopressors, admission time (day-
time/nighttime), prior surgery, and geographic region 
of hospital. We used odds ratios with 95% CI to com-
pare characteristics between patients with hematologi-
cal and non-hematological malignancies. We specified 
ICU admission unit as a clustering variable (specified 
in an ID statement in the PHREG procedure in SAS) 
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and used robust variance estimation to account for 
clustering in the adjusted models (clustered Cox mod-
els). In accordance with Danish law regarding handling 
of registry data, there was no requirement of an ethics 
committee approval [19]. The study was approved by 
the Danish Data Protection Agency (record number: 
1-16-02-500-15). All analyses were performed in SAS 
9.4 (SAS Institute).

Results
Characteristics
Our cohort included 91,073 adult patients admitted for 
the first time to an ICU during the study period; 2122 
patients with a hematological malignancy and 88951 
without a hematological malignancy. Table 1 gives basic 
demographic information. The median age was 69 years 
(interquartile range: 55—83) among hematologi-
cal patients and 67  years (interquartile range: 44–90) 
among non-hematological patients. At diagnosis, 
most hematological patients had a WHO performance 
score of 0 or 1 (65%). The median time from diagno-
sis of hematological malignancy to ICU admission was 

0.9 years (Interquartile range: 0.2–2.8). Supplementary 
Table  2 gives differences between patients with hema-
tological and non-hematological malignancies. The dis-
tribution of age and sex were similar in the two groups, 
but more patients with non-hematological malig-
nancies than hematological patients had a Charlson 
Comorbidity index score of 0.

ICU characteristics
Table 2 gives ICU admission characteristics. For 40% of 
the hematological patients, the primary diagnosis for 
the hospitalization (including ICU stay) was registered 
as neoplasm. The hematological patients treated at the 
ICU were most commonly admitted more than 3 months 
from diagnosis, with patients with acute leukemia admit-
ted closest to diagnosis; 42% were admitted during the 
early disease phase (under 3 months from date of diagno-
sis). This was more uncommon among patient with mye-
loma (28%), lymphoma (24%), and CMPD (19%). Use of 
vasopressors, mechanical ventilation, and renal replace-
ment therapy was more common among hematological 

Table 1  Characteristics of 91,073 patients with and without hematological malignancies admitted to the ICU

The lymphoma group includes chronic lymphocytic leukemia and the chronic myeloproliferative group (CMPD) includes low risk myelodysplastic syndrome. 
High-grade disease includes acute leukemia, Burkitt lymphoma, diffuse large B cell lymphoma, other high-grade B cell lymphomas, Hodgkin lymphoma, and T cell 
lymphomas, and low-grade disease includes all other hematological malignancies

Hematological patients Non-hema‑
tological 
patientsOverall Acute 

leukemia
Lymphoma CMPD Multiple 

myeloma
Low-grade 
disease

High-grade 
disease

n % n % n % n % n % n % n % n %

Age at ICU admission

 15–59 408 19.2 138 40.5 178 17.1 36 10.9 56 13.5 161 12.7 247 28.9 30,700 34.5

 60–70 748 35.2 113 33.1 360 34.7 97 29.5 178 43 434 34.3 314 36.7 23,111 26

 > 70 966 45.5 90 26.4 500 48.2 196 59.6 180 43.5 672 53 294 34.4 35,140 39.5

Sex

 Female 777 36.6 130 38.1 372 35.8 122 37.1 153 37 453 35.8 324 37.9 38,132 42.9

 Male 1345 63.4 211 61.9 666 64.2 207 62.9 261 63 814 64.2 531 62.1 50,819 57.1

Charlson comorbidity index

 0 417 19.7 208 61 83 8 105 31.9 21 5.1 194 15.3 223 26.1 37,208 41.8

 1–3 1224 57.7 118 34.6 660 63.6 185 56.2 261 63 764 60.3 460 53.8 40,541 45.6

 > 3 481 22.7 15 4.4 295 28.4 39 11.9 132 31.9 309 24.4 172 20.1 11,202 12.6

WHO performance status 
(at date of hematological 
diagnosis)

 Missing 338 15.9 0 0 2 0.2 329 100 7 1.7 338 26.7 0 0 – –

 0 750 35.3 122 35.8 496 47.8 0 0 132 31.9 436 34.4 314 36.7 – –

 1 639 30.1 143 41.9 348 33.5 0 0 148 35.7 303 23.9 336 39.3 – –

 2 192 9 34 10 94 9.1 0 0 64 15.5 102 8.1 90 10.5 – –

 3 125 5.9 19 5.6 62 6 0 0 44 10.6 61 4.8 64 7.5 – –

 4 78 3.7 23 6.7 36 3.5 0 0 19 4.6 27 2.1 51 6 – –
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patients compared to patients with non-hematological 
malignancies (Supplementary Table 2).

Mortality after ICU admission
Figures 1 and 2 illustrate mortality for hematological and 
non-hematological patients overall and stratified by age 
and comorbidity. The 30-day mortality was 44.4% (95% 
CI: 42.3%–46.6%) among hematological patients and 
27.1% (95% CI 26.8–27.4%) among non-hematological 
patients; 1-year mortality was 65.6% (95% CI 63.5–67.7%) 

and 37.1% (95% CI 36.8–37.4%), respectively. Among 
hematological patients who were discharged from hos-
pital, mortality 30  days from discharge was 24.8% (95% 
CI 22.6–27.2%) and 1-year mortality was 51.7% (95% 
CI 49.0–54.5%). The corresponding mortality for non-
hematological patients was 13.1% (95% CI 12.9–13.4%) 
and 24.1% (23.8–24.5%). Mortality differed substantially 
between the four groups of hematological malignancies 
with 1-year mortality for acute leukemia being highest: 
mortality of 73.6% (95% CI 68.7–78.3%) compared to 
lymphoma [61.6% (95% CI 58.6–64.7%)], CMPD [71.3% 
(66.0–76.3%)], and multiple myeloma [64.7% (95% CI 
59.9–69.4%)] (see Supplementary Table 3). For high-grade 
disease, 1-year mortality was 68.7% (95% CI 65.5–71.9%) 
compared to 63.5% (95% CI 60.8–66.2%) for low-grade 
disease. The mortality difference between the hemato-
logical and non-hematological patients was reduced with 
increasing age and/or comorbidity. Nevertheless, mor-
tality for hematological patients never reached mortal-
ity for non-hematological patients, e.g., for patients with 
Charlson Comorbidity Index Score > 3, the 1-year mor-
tality among hematological patients was 70.0% (95% CI 
65.7–74.2%) and 61.8% (95% CI 60.9–62.8%) among non-
hematological patients. The hazard ratio for death was 
increased among hematological patients (Table 3). After 
inclusion of information on primary cause of admission 
[HR 1.47 (1.29–1.68)] and SAPS II [HR: 1.21 (1.06–1.38)] 
in the regression models, the hazard ratios were reduced 
but showed an increased mortality among hematologi-
cal patients throughout (Supplementary Table  4). Sup-
plementary Table  5 gives differences in characteristics 
for patients surviving the index admission and patients 
deceased before hospital discharge.

Discussion
We found that mortality 30  days after ICU admission 
was 44% among patients with a hematological malig-
nancy and 27% among patients without a hematologi-
cal malignancy, and 1-year mortality was 66% and 37%, 
respectively. After adjustment for key variables includ-
ing comorbidity, mortality was 1.6-fold higher among 
patients with hematological malignancies. The difference 
was reduced with increasing co-morbidity but never dis-
appeared. The population-based design with virtually 
no loss to long-term follow-up and complete and vali-
dated information on outcome and exposure is unparal-
leled. With inclusion of 2122 patients with hematological 
malignancies, it is the largest study of outcomes among 
critically ill hematological patients. Due to the cohort 
size we could restrict inclusion to the most recent treat-
ment period where most current therapeutical changes 
have been implemented.

Table 2  Descriptive data on intensive care unit admission 
including  primary cause of  admission among  patients 
with and without hematological malignancy

a  SAPS II is only specified for patients with an ICU stay > 24 h. Therefore, adding 
the number of patients in all columns does not add up to the full cohort

Hematological 
patients

Non-hemato‑
logical patients

n % n %

Primary diagnosis

 Cardiovascular disease 159 7.5 13,906 15.6

 Diabetes 17 0.8 2190 2.5

 Gastrointestinal and liver disease 68 3.2 5435 6.1

 Infectious disease 212 10 5366 6

 Neoplasm including Neutropenic 
fever after cytostatic treatment

839 39.5 5876 6.6

 Respiratory disease 201 9.5 13,153 14.8

 Trauma/poisoning 42 2 8694 9.8

 Other 584 27.5 34,331 38.6

Mechanical ventilation

 No 1154 54.4 53,197 59.8

 Yes 968 45.6 35,754 40.2

Renal replacement therapy

 No 1833 86.4 83,723 94.1

 Yes 289 13.6 5228 5.9

Vasopressor use

 No 1042 49.1 59,253 66.6

 Yes 1080 50.9 29,698 33.4

SAPS IIa

  < 40 200 15.4 11,654 29.9

 40–60 412 32 10,306 26.4

 ≥ 60 365 28.2 5324 13.6

 Missing 316 24.4 11,749 30.1

Admission time

 Daytime (8am–10 pm) 1471 69.3 64,996 73.1

 Nighttime (10 pm–8am) 651 30.7 23,955 26.9

Time from hematological diagnosis 
to ICU admission

 Missing 60 2.8 – –

 0–3 months 574 27 – –

 > 3–12 months 495 23.3 – –

 > 12 months 993 46.8 – –
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a

b

Fig. 1  Kaplan–Meier curve for hematological and non-hematological patients from admission to 1 year after the admission the intensive care unit 
(a) and for hematological and non-hematological patients admitted to the intensive care unit from hospital discharge to 1 year after the hospital 
discharge (b)
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Selection of patients that will benefit from ICU admis-
sion is a complex process that has to balance many 
inputs. This process will naturally differ between different 
populations and health care systems and therefore also 
give rise to different cohorts of ICU-admitted patients. 
One of the most important determinants of the compo-
sition of the ICU cohort is the availability of ICU beds. 
With numbers ranging from 25 ICU beds per 100,000 
inhabitants in Germany, 20 in the US, and 8.2 in Spain, 
the variation is large among high-income countries; how-
ever, even larger in middle- and low-income countries, 
e.g., an estimated number of 1.8 in Mexico [20, 21]. With 
6.7 ICU beds per 100,000 inhabitants, Denmark has a low 
to medium ICU bed capacity compared to other Euro-
pean countries [22]. Empirically, it would be expected 
that the patients included in this study were sicker and 
hence had a higher mortality. This could explain the 
slightly higher mortality compared to recent Dutch data 
[2]. In their study, the overall 1-year mortality was 62%, 
however, with restriction to the period used in this study 
(2010–2015) the 1-year mortality was < 60%. A number 
of other differences may also be important. In the study 
by de Vries et  al., the median age in the most recently 
included period (mid 2009–2015) was 57 years compared 
to 67 years in our study. A difference that may be related 
to the restriction of patients treated at university hospi-
tals. The distribution of specific hematological malig-
nancies was comparable. One-year mortality was also 

0

10

20

30

40

50

60

70

80

90

100

M
o
rt

a
lit

y
 (

%
)

0 1 2 3 4 5 6 7 8 9 10 11 12

Time from ICU admission (months)

Hematological patients

Non-hematological patients

CCI: 0

0

10

20

30

40

50

60

70

80

90

100
M

o
rt

a
lit

y
 (

%
)

0 1 2 3 4 5 6 7 8 9 10 11 12

Time from ICU admission (months)

Hematological patients

Non-hematological patients

CCI: 1-3

0

10

20

30

40

50

60

70

80

90

100

M
o
rt

a
lit

y
 (

%
)

0 1 2 3 4 5 6 7 8 9 10 11 12

Time from ICU admission (months)

Hematological patients

Non-hematological patients

CCI: > 3

0

10

20

30

40

50

60

70

80

90

100

M
o
rt

a
lit

y
 (

%
)

0 1 2 3 4 5 6 7 8 9 10 11 12

Time from ICU admission (months)

Hematological patients

Non-hematological patients

Age: 15-59

0

10

20

30

40

50

60

70

80

90

100

M
o
rt

a
lit

y
 (

%
)

0 1 2 3 4 5 6 7 8 9 10 11 12

Time from ICU admission (months)

Hematological patients

Non-hematological patients

Age: 60-69

0

10

20

30

40

50

60

70

80

90

100

M
o
rt

a
lit

y
 (

%
)

0 1 2 3 4 5 6 7 8 9 10 11 12

Time from ICU admission (months)

Hematological patients

Non-hematological patients

Age: > 70

d

a b c

e f

Fig. 2  Kaplan–Meier curve for hematological and non-hematological patients from admission to 1 year after the admission the intensive care unit 
stratified by age and by comorbidity. a Individuals 15–59 years, b Individuals 60–69 years, and c > 70 years, d Charlson Comorbidity Index score = 0, 
e Charlson Comorbidity Index score = 1—3, f Charlson Comorbidity Index score > 3. In the calculation of Charlson Comorbidity Index, the hemato-
logical malignancy is omitted

Table 3  Hazard ratios for  death 1  year from  admission 
to the intensive care unit among patients with hematolog‑
ical malignancies versus  patients without  hematological 
malignancies

Hazard ratio estimates for the covariates in the model (model 1) are also 
presented

Variable Hazard ratio 
(95% confidence 
interval)

Hematological status

 Non-hematological patients Ref

 Hematological patients (crude) 2.06 (1.96–2.17)

 Hematological patients (model 1) 1.64 (1.4–1.91)

Age

 Per 1-year increase 1.04 (1.04–1.04)

Sex

 Female Ref

 Male 1.01 (0.99–1.03)

Year of admission

 2011 0.94 (0.84–1.05)

 2012 0.92 (0.84–1.01)

 2012 0.86 (0.78–0.95)

 2013 0.85 (0.77–0.93)

 2014 0.8 (0.73–0.87)

Comorbidity

 CCI 0 Ref

 CCI 1–2 1.42 (1.38–1.45)

 CCI ≥ 3 2.26 (2.19–2.33)
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slightly lower in another comparable multicenter study 
performed in France and Belgium [7]. Among the 1011 
patients with a median age of 60  years from 17 univer-
sity hospitals treated during 2010 and 2011, the 1-year 
mortality was 57%. Other studies report ICU-mortality 
estimates ranging from 34–46% [23-26], and 30-day 
mortality ranging from 38–49% [27, 28]. Mortality esti-
mates from low- and middle-income countries differ but 
generally show substantially poorer outcomes than high-
income countries [29-31].

Improvement in outcomes for hematological patients 
admitted to the ICU has long been a matter of debate 
[32-34]. Encouragingly, recent data have indicated a 
7% reduction in mortality per year since 2003 [2], and 
overall survival increase for hematological patients dur-
ing the last 15  years of 10% [1]. Confirmation of such 
results is central to reduce reluctance to admit hemato-
logical patient to the ICU primarily among ICU physi-
cians. Importantly, such reluctance may in itself lead to 
a higher mortality, and recent consensus statements rec-
ommend early ICU admission and early intervention [35, 
36]. With no studies randomizing between usual practice 
and an early intervention strategy, such recommenda-
tions are based on observational studies. For example, 
among 219 patients with cancer and acute respiratory 
failure the only factor that predicted 28-day mortality 
after multivariable adjustment was time between onset of 
respiratory symptoms and ICU admission [6]. Similarly, 
Lengline et. al assessed a strategy of early ICU admis-
sion in which newly diagnosed high-risk AML patients 
were admitted to the ICU without immediate need for 
life support including no organ dysfunction. Despite the 
transferal of half of the control patients to the ICU at a 
later point, outcomes improved by this strategy, includ-
ing decreased mortality [37]. Denmark does not have an 
early ICU admission policy for hematological patients, 
and based on the current data in our study, it was not 
possible to distinguish between specific hematological 
reasons for admission, e.g., sepsis, respiratory failure, 
tumorlysis syndrome, etc. Nevertheless, certain impor-
tant characteristics emerge. First, the hematological 
patients treated at the ICU were most commonly admit-
ted more than 3 months from diagnosis, with patients 
with acute leukemia admitted closest to diagnosis; almost 
half was admitted within the 3 months from diagnosis. 
Overall, 51% of the hematological patients received vaso-
pressor use, 45% needed mechanical ventilation, and 13% 
needed renal replacement therapy. Frequencies substan-
tially higher than non-hematological patients but com-
parable to other cohorts of hematological patients with 
regard to mechanical ventilation and use of vasopressor 
use. A notable difference between studies, however, is the 
frequency of patients needing renal replacement therapy. 

Here, frequencies ranged from 15% [2], like in our study, 
to much more common use reported in other studies: 
41% [38], 36% [25], and 26% [7].

Certain limitations apply to our study. Despite high 
completeness, hematological patients may be missed in 
the clinical hematological databases. This misclassifica-
tion for exposure status would underestimate the dif-
ference in mortality between the two groups. Yet, the 
potential for classifying a hematological patient as non-
hematological is small with the completeness of the 
registries well above 90% and in most instances close to 
100% [10-13]. Of importance for the interpretation of 
the study is the composition of the comparison group 
of non-hematological patients. Here, we only excluded 
individuals that were admitted to the ICU post-surgery, 
all other patient groups are included. The comparison 
groups thereby reflected the diversity of different admis-
sion types and many different types of comorbidity, 
e.g., other non-hematological malignancies. We inves-
tigated main differences between these patient groups 
and found comparable basic characteristics but a more 
common use of vasopressors, mechanical ventilation, 
and renal replacement therapy. Lastly, reliable outcome 
information is pivotal in a register-based study like this. 
The information on vital status and date of death is > 99% 
complete in the Civil Registration System and therefore 
of no issue in this study. It can, however, be discussed 
what is the most reasonable follow-up time. The mor-
tality rate for hematological patients follows a different 
pattern than non-hematological patients, and therefore 
the most meaningful follow-up period has been debated 
[39]. Often studies report ICU mortality, i.e., the propor-
tion of patients diseased during ICU stay. Focus is now 
increasingly on longer term mortality, which may be 
more informative in the decision process of ICU refer-
ral. Nevertheless, with many hematological malignancies 
being incurable, focusing on mortality too far into the 
future may result in exaggerated mortality differences. To 
be specific, when both hematological and non-hemato-
logical patients have reconstituted after ICU admission, 
patients with incurable hematological malignancies will 
invariably have a higher mortality rate, which is unre-
lated to the ICU admission. Here, we decided to focus on 
1-year mortality.

In conclusion, the current study underscores that 
with contemporary treatment regimens hematological 
patients admitted to the ICU have a reasonable chance 
of surviving past the first month and even year despite 
their combined critical illness and malignancy. The study 
also shows that mortality is still substantially higher than 
non-hematological patients, and that the difference tends 
to be reduced with increasing age and comorbidity.
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