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Introduction

The mortality of critically ill patients with hematological 
malignancy (HM) admitted to the intensive care unit (ICU) 
remains high, ranging from 33.7 to 84.1% [1–3], although 
therapeutic interventions for these patients such as mechan-
ical ventilation, renal replacement therapy, chemotherapy 
regimens, and hematopoietic stem cell transplantation 
(HSCT) have significantly improved their outcome in the 
past decade [4–10]. These patients frequently require inten-
sive management, since life-threatening events may occur 
due to the HM itself, the adverse effects of high-dose chemo-
therapy, and/or infectious diseases. Although considered a 
specific and definitive therapy for HM, it is well known that 
HSCT may also lead to severe complications such as sepsis 
(including septic shock) due to immunosuppression, acute 
and chronic graft-versus-host disease (GVHD), acute kidney 
injury, and acute respiratory failure [5, 9].

Previous studies have revealed several poor prognos-
tic factors in these patients, including the use of invasive 
mechanical ventilation [1, 11], a high Acute Physiology 
and Chronic Health Evaluation II (APACHE II) score [2, 
3], the need for vasopressors [3], sepsis as reason for ICU 
admission [12], the presence of neutropenia at ICU admis-
sion [11], and previous allogeneic HSCT [13]. However, 
prognostic factors affecting critically ill patients with HM in 
Japan during ICU stay remain unclear. The prognostic fac-
tors and long-term prognosis related to patients who are suc-
cessfully treated and discharged from ICU are also unknown.

In this study, we retrospectively evaluated prognostic fac-
tors related to short-term and long-term outcome during ICU 
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stay and after ICU discharge in critically ill patients with 
HM admitted to the general ICU in a single-center in Japan.

Methods

This retrospective, observational study was approved by 
the institutional review board of Kurashiki Central Hospi-
tal, which is a private, tertiary care hospital. Of all patients 
who were admitted to our general ICU, patients diagnosed 
with hematological disorders and admitted to the ICU for 
any reason during their hospital stay from January 2009 to 
December 2016 were included in this study. We excluded 
patients younger than 18 years, patients with benign hema-
tological disease, and patients undergoing readmission to the 
ICU during their hospital stay.

Critically ill inpatients are admitted to our ICU if any 
of the following criteria are present: new-onset disturbed 
consciousness, respiratory failure requiring invasive or non-
invasive mechanical ventilation, circulatory failure requiring 
supportive management, severe electrolyte, metabolic distur-
bances and/or exacerbation of fluid balances requiring renal 
replacement therapy, severe infectious disease with organ 
dysfunction such as sepsis or septic shock, and the need for 
intensive postoperative management. The criteria for ICU 
discharge are the following: the improvement of respira-
tory failure (the absence of dyspnea and sputum retention, 
improvement of chest X-ray and/or blood gas findings, and 
reduced inspiratory oxygen requirements, although not nec-
essarily requiring withdrawal of ventilation), the improve-
ment of circulatory failure (stable blood pressure and heart 
rate without inotropes and/or vasopressors), withdrawal of 
continuous renal replacement therapy, the absence of dete-
rioration in physical and/or laboratory findings, as well as 
taking into consideration the wishes of patients and/or their 
relatives when terminal disease is present. In our hospital, 
300–320 patients are newly diagnosed with HM each year; 
approximately 50 patients undergo HSCT. Eligibility for 
HSCT and type of HSCT employed are comprehensively 
determined by hematologists.

We retrospectively examined the following variables 
by consulting clinical and ICU records: age, sex, primary 
HM, reason for ICU admission, status of HM, proportion 
of patients with previous HSCT, type of transplantation, 
occurrence of acute and chronic GVHD, the APACHE II 
score, the Sequential Organ Failure Assessment (SOFA) 
score within the first 24 h of ICU admission, duration of 
ICU stay, ICU mortality rate, mortality rate at 180 days after 
ICU discharge, the SOFA score at ICU discharge in ICU 
survivors, and cause of death. The results of hematologi-
cal investigations at ICU admission and the proportion of 
applied therapeutic interventions during ICU stay (including 
invasive mechanical ventilation, renal replacement therapy, 

and the use of inotropes and/or vasopressors) were also ana-
lyzed. Inotropes and vasopressors use was defined as the use 
of dobutamine, noradrenalin, adrenalin, and vasopressin at 
any dose. Neutropenia at ICU admission was defined as a 
neutrophil count of less than 1000/µl.

We evaluated differences of these variables between sur-
vivors and non-survivors during ICU stay and at 180 days 
after ICU discharge by using the χ2 test or Fisher’s exact test 
and Mann–Whitney U test, and all results were expressed as 
the median and interquartile range, numbers and percent-
ages, or as range. We conducted logistic regression analy-
sis to determine prognostic factors during ICU stay and at 
180 days after ICU discharge. Odds ratios (ORs) and 95% 
confidence intervals (CIs) were also calculated.

Using logistic regression analysis, the explanatory vari-
ables where the P value was less than 0.15 by univariate 
analyses were directly and simultaneously entered into the 
model. For reliable analysis, the number of explanatory 
variables was determined by a tenth of the smaller number 
in either survivors or non-survivors. We allowed several 
explanatory variables that correlated clinically and strongly 
with each other to not overlap when entering data into the 
model. Multicollinearity was checked using the variance 
inflation factor, with a value above 10 is regarded as indicat-
ing large multicollinearity. Finally, the model was assessed 
for accuracy by calculating the area under the receiver oper-
ating characteristic curve (AUC).

Assuming the presence of at least five explanatory vari-
ables for logistic regression analysis regarding prognostic 
factors during ICU stay, and an ICU mortality rate of 30% 
in patients with HM [1], we estimated a sample size of 167 
patients to be included in this study.

All tests were two-sided, and differences of P < 0.05 were 
considered statistically significant. Statistical analyses were 
performed by using EZR on R Commander software, Ver-
sion 1.24 (Saitama Medical Center, Jichi Medical University, 
Saitama, Japan), which is a graphical user interface for R, 
Version 3.0.3 (The R Foundation for Statistical Computing, 
Vienna, Austria).

Results

A total of 7048 patients were admitted to the ICU from 
January 2009 to December 2016, with an overall mortality 
rate of 6.4%. Of these, there were 215 patients diagnosed 
with hematological disorders who were admitted to the 
ICU during their hospital stay. Two patients younger than 
18 years, 22 patients with benign hematological disease, 
and 22 patients undergoing readmission to the ICU dur-
ing their hospital stay were excluded. Thus, a total of 169 
patients were enrolled in this study. Demographic charac-
teristics are shown in Table 1. Fifty-six patients (33.1%) 
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suffered from malignant lymphoma as primary HM, and 
75 patients (44.4%) had developed respiratory failure as 
reason for ICU admission. The median of the APACHE II 
scores and the SOFA scores within the first 24 h of ICU 
admission was 24 and 9 points, respectively. The number 

of patients who required invasive mechanical ventila-
tion, vasopressors, and renal replacement therapy was 86 
(50.9%), 101 (59.8%), and 33 (19.5%), respectively. The 
median duration of ICU stay was 6 days (interquartile 
range 3–12 days).

Table 1  Patient demographics and comparison between survivors and non-survivors in the ICU

Data are expressed as the number (%) or median [interquartile range]
ICU intensive care unit, PCAS post-cardiac arrest syndrome, APACHE Acute Physiology and Chronic Health Evaluation, SOFA Sequential 
Organ Failure Assessment, HSCT hematopoietic stem cell transplantation

Characteristics All patients
(n = 169)

Outcome during ICU stay

Survivors
(n = 112)

Non-survivors
(n = 57)

P value

Age (years) 63 [51–71] 65 [50–73] 60 [52–66] 0.087
Sex (male/female) 108/61 76/36 32/25 0.175
Primary hematological malignancy 0.044
 Malignant lymphoma 56 (33.1%) 46 (41.1%) 10 (17.5%)
 Acute myeloid leukemia 39 (23.1%) 21 (18.8%) 18 (31.6%)
 Myelodysplastic syndromes 28 (16.6%) 16 (14.3%) 12 (21.1%)
 Acute lymphoblastic leukemia 14 (8.3%) 9 (8.0%) 5 (8.8%)
 Multiple myeloma 11 (6.5%) 7 (6.2%) 4 (7.0%)
 Chronic myeloid leukemia 7 (4.1%) 3 (2.7%) 4 (7.0%)
 Other malignancies 14 (8.3%) 10 (8.9%) 4 (7.0%)

Reason for ICU admission 0.063
 Respiratory failure 75 (44.4%) 41 (36.6%) 34 (59.6%)
 Sepsis 42 (24.8%) 33 (29.5%) 9 (15.8%)
 Renal failure 17 (10.1%) 12 (10.7%) 5 (8.8%)
 Heart failure (including PCAS) 9 (5.3%) 5 (4.5%) 4 (7.0%)
 Neurologic disorder 9 (5.3%) 7 (6.2%) 2 (3.5%)
 Other 17 (10.1%) 14 (12.5%) 3 (5.3%)

Status of hematological malignancy 0.279
 Active 122 (72.2%) 84 (75.0%) 38 (66.7%)
 Complete or partial remission 47 (27.8%) 28 (25.0%) 19 (33.3%)

Severity scoring
 APACHE II score 24 [19–29] 22.5 [18–27] 27 [24–37] <0.001
 SOFA score within the first 24 h of ICU admission 9 [7–12] 8 [5–11] 11 [9–14] <0.001

Laboratory test at ICU admission
 Total bilirubin (mg/dl) 0.7 [0.4–1.5] 0.6 [0.4–1.0] 1.0 [0.5–2.6] 0.001
 Platelet count (×104/µl) 3.5 [1.4–9.9] 4.9 [2.1–14] 2.0 [1.0–4.9] <0.001
 Creatinine (mg/dl) 1.2 [0.8–1.9] 1.0 [0.6–1.8] 1.4 [0.9–2.0] 0.045
 Neutropenia (<1000/µl) 53 (31.4%) 31 (27.7%) 22 (38.6%) 0.163

Treatment and event
 Previous HSCT
  Allogeneic HSCT 55 (32.5%) 31 (27.7%) 24 (42.1%) 0.082
  Autologous HSCT 8 (4.7%) 4 (3.6%) 4 (7.0%) 0.445

 Day from HSCT to ICU admission (days) 138 [43–331] 205 [41–474] 108 [52–249] 0.284
 Graft-versus-host disease (acute and chronic) 35 (20.7%) 23 (20.5%) 12 (21.1%) 0.081
 Invasive mechanical ventilation 86 (50.9%) 38 (33.9%) 48 (84.2%) <0.001
 Use of vasopressors 101 (59.8%) 57 (50.9%) 44 (77.2%) <0.001
 Renal replacement therapy 33 (19.5%) 17 (15.2%) 16 (28.1%) 0.064

Duration of ICU stay (days) 6 [3–12] 5 [3–10] 8 [2–16] 0.218
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Table 1 also shows the results of univariate analyses com-
paring survivors and non-survivors in the ICU. Fifty-seven 
(33.7%) patients died during their ICU stay. The propor-
tion of survivors with malignant lymphoma was higher than 
that of non-survivors (41.1 vs. 17.5%). Respiratory failure 
was the most common indication for ICU admission in both 
groups, and the proportion of patients with respiratory fail-
ure was higher in non-survivors than in survivors (59.6 vs. 
36.6%). Both the APACHE II scores and the SOFA scores 
within the first 24 h of ICU admission in non-survivors were 
significantly higher when compared to survivors (median 
27 vs. 22.5 points; P < 0.001, 11 vs. 8 points; P < 0.001, 
respectively). Regarding treatment, the proportion of allo-
geneic HSCT did not differ between ICU survivors and non-
survivors. Invasive mechanical ventilation and vasopressors 
were used more frequently in non-survivors (84.2 vs. 33.9%; 
P < 0.001, 77.2 vs. 50.9%; P < 0.001, respectively).

Using logistic regression analysis, we selected the use of 
invasive mechanical ventilation, the SOFA score within the 
first 24 h of ICU admission, malignant lymphoma as primary 
HM, allogeneic HSCT, and age as the explanatory variables 
for ICU outcome. We removed the APACHE II score from 
the logistic regression analysis because it is already known 
to be a prognostic factor related to poor ICU outcome in 
several reports [2, 3, 7], while the relationship between a 
SOFA score within the first 24 h of ICU admission and ICU 
outcome remains unknown. In addition, APACHE II scores 
correlate clinically and strongly with SOFA scores and 
age, despite no correlations between SOFA scores and age. 
Serum total bilirubin levels and platelet count at ICU admis-
sion and the use of vasopressors were also excluded because 
of a strong relationship with these to the SOFA score.

The factors related to poor ICU outcome were the use 
of invasive mechanical ventilation (OR 8.96, 95% CI 
3.67–21.9; P  <  0.001) and the SOFA score within the 
first 24 h of ICU admission (OR 1.25, 95% CI 1.11–1.40; 
P < 0.001) (Table 2). Malignant lymphoma was found to be 
predictive of good outcome (OR 0.30, 95% CI 0.11–0.78; 
P = 0.014). Allogeneic HSCT (OR 1.29, 95% CI 0.51–3.30; 
P = 0.594) and age (OR 1.01, 95% CI 0.98–1.04; P = 0.434) 

were not detected as prognostic factors of ICU. The variance 
inflation factors for the use of invasive mechanical ventila-
tion, the SOFA score within the first 24 h of ICU admission, 
malignant lymphoma, allogeneic HSCT, and age were 1.04, 
1.02, 1.12, 1.27, and 1.22, respectively. The AUC was 0.85 
(95% CI 0.79–0.91) when the five variables were employed 
in the model.

In patients with malignant lymphoma, the proportion 
of respiratory failure as reason for ICU admission (18 of 
56 patients, 32.1%) was significantly smaller than those 
with other HMs (57 of 113 patients, 50.4%) (P = 0.032), 
whereas invasive mechanical ventilation was instituted simi-
larly (24 of 56, and 62 of 113 patients, respectively) (42.9 
vs. 54.9%; P = 0.191). Any type of HSCT was performed 
less frequently in patients with malignant lymphoma (14 of 
56 patients, 25.0%) than those with other HMs (49 of 113 
patients, 43.4%) (P = 0.028).

There were 112 patients who were successfully dis-
charged from ICU. Of these, 46 patients died within 180 days 
after ICU discharge, representing a mortality rate of 41.1%. 
The comparison between survivors and non-survivors at 
180 days after ICU discharge is summarized in Table 3. The 
proportion of sepsis as reason for ICU admission was higher 
in survivors (36.4 vs. 19.5%). The SOFA scores within the 
first 24 h of ICU admission were higher in non-survivors 
than in survivors (median 8.5 vs. 7 points; P = 0.043). The 
duration of ICU stay was longer (median 7.5 vs. 4 days; 
P = 0.001), and the SOFA scores at ICU discharge were 
higher (median 5 vs. 4 points: P = 0.001) in non-survivors 
than in survivors. Regarding other factors, no significant 
differences were found between survivors and non-survi-
vors at 180 days after ICU discharge. No differences in the 
length of invasive mechanical ventilation and continuous 
renal replacement therapy during ICU were found (median 
0 days [range 0–30 days] vs. 0 days [0–35 days]; P = 0.313, 
and 0 days [0–6 days] vs. 0 days [0–12 days]; P = 0.287, 
respectively). The numbers of patients who had depended 
on ventilator at ICU discharge were 3 and 4 (4.5 vs. 8.7%; 
P = 0.443), and those who had depended on renal replace-
ment therapy were 2 and 6 (3.0 vs. 13.0%; P = 0.062), 
respectively. Logistic regression analysis revealed that dura-
tion of ICU stay (OR 1.07, 95% CI 1.01–1.13; P = 0.027) 
and a high SOFA score at ICU discharge (OR 1.24, 95% CI 
1.04–1.48; P = 0.016) was associated with poor outcome at 
180 days after ICU discharge (Table 4). Serum creatinine 
levels at ICU admission and sepsis as reason for ICU admis-
sion were not detected as being prognostic factors of out-
come at 180 days after ICU admission. The variance infla-
tion factors for duration of ICU stay, the SOFA score at ICU 
discharge, creatinine, sepsis were 1.02, 1.19, 1.21, and 1.00, 
respectively, and the AUC was 0.73 (95% CI 0.63–0.83).

The cause of death between non-survivors who died 
during ICU stay and within 180 days after ICU discharge 

Table 2  Logistic regression analysis of prognostic factors in the ICU

ICU intensive care unit, OR odds ratio, CI confidence interval, SOFA 
Sequential Organ Failure Assessment, HSCT hematopoietic stem cell 
transplantation

Variables OR (95% CI) P value

Invasive mechanical ventilation 8.96 (3.67–21.9) <0.001
SOFA score within the first 24 h of 

ICU admission
1.25 (1.11–1.40) <0.001

Malignant lymphoma 0.30 (0.11–0.78) 0.014
Allogeneic HSCT 1.29 (0.51–3.30) 0.594
Age 1.01 (0.98–1.04) 0.434
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was significantly different (P < 0.001) (Table 5). The 
proportion of non-survivors who had primary HM as the 
cause of death at 180 days after ICU discharge was higher 
than those who died during ICU stay (47.8 vs. 5.3%). The 

cause of death in five patients (10.9%) after ICU discharge 
was unknown because they had been discharged home or 
transferred at 180 days after ICU discharge.

Table 3  Comparison between 
survivors and non-survivors at 
180 days after ICU discharge

Data are expressed as the number (%) or median [interquartile range]
ICU intensive care unit, PCAS post-cardiac arrest syndrome, APACHE Acute Physiology and Chronic 
Health Evaluation, SOFA Sequential Organ Failure Assessment, HSCT hematopoietic stem cell transplanta-
tion

Characteristics Outcome at 180 days after ICU discharge

Survivors
(n = 66)

Non-survivors
(n = 46)

P value

Age (years) 67 [49–75] 65 [54–71] 0.605
Sex (male/female) 46/20 30/16 0.683
Primary hematological malignancy 0.367
 Malignant lymphoma 24 (36.4%) 22 (47.8%)
 Acute myeloid leukemia 16 (24.2%) 5 (10.9%)
 Myelodysplastic syndromes 10 (15.1%) 6 (13.0%)
 Acute lymphoblastic leukemia 4 (6.1%) 5 (10.9%)
 Multiple myeloma 4 (6.1%) 3 (6.5%)
 Chronic myeloid leukemia 3 (4.5%) 0 (0.0%)
 Other malignancies 5 (7.6%) 5 (10.9%)

Reason for ICU admission 0.178
 Respiratory failure 21 (31.8%) 20 (43.5%)
 Sepsis 24 (36.4%) 9 (19.5%)
 Renal failure 6 (9.1%) 6 (13.0%)
 Heart failure (including PCAS) 4 (6.1%) 1 (2.2%)
 Neurologic disorder 2 (3.0%) 5 (10.9%)
 Other 9 (13.6%) 5 (10.9%)

Status of hematological malignancy at ICU admission 0.375
 Active 47 (71.2%) 37 (80.4%)
 Complete or partial remission 19 (28.8%) 9 (19.6%)

Severity scoring
 APACHE II score 22.5 [17–27] 22.5 [19–27] 0.488
 SOFA score within the first 24 h of ICU admission 7 [5–10] 8.5 [7–11] 0.043

Laboratory test at ICU admission
 Total bilirubin (mg/dl) 0.6 [0.4–0.9] 0.7 [0.4–1.3] 0.267
 Platelet count (×104/µl) 5.7 [2.1–13.8] 3.7 [2.1–13.2] 0.370
 Creatinine (mg/dl) 0.9 [0.6–1.5] 1.3 [0.7–2.5] 0.063
 Neutropenia (<1000/µl) 19 (28.8%) 12 (26.1%) 0.832

Treatment and event
 Previous HSCT
  Allogeneic HSCT 15 (22.7%) 16 (34.8%) 0.199
  Autologous HSCT 4 (6.1%) 0 (0.0%) 0.142

 Day from HSCT to ICU admission (days) 194 [42–664] 249 [42–336] 0.987
 Graft-versus-host disease (acute and chronic) 13 (19.7%) 10 (21.7%) 0.736
 Invasive mechanical ventilation 21 (31.8%) 17 (37.0%) 0.685
 Use of vasopressors 33 (50.0%) 24 (52.2%) 0.850
 Renal replacement therapy 7 (10.6%) 10 (21.7%) 0.118

Duration of ICU stay (days) 4 [3–8] 7.5 [4–14] 0.001
SOFA score at ICU discharge 4 [2–5] 5 [4–8] 0.001
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Discussion

In this study, the ICU mortality rate in critically ill patients 
with HM was 33.7%, whereas the mortality rate of all 
patients admitted to ICU during the same period was 6.4%. 
We also found that the need for invasive mechanical ven-
tilation and/or a high SOFA score within the first 24 h of 
ICU admission was associated with poor ICU outcome. Con-
versely, malignant lymphoma as primary HM was associated 
with good ICU outcome. There were no relationships found 
between the history of allogeneic HSCT, age, and ICU out-
come. In ICU survivors, the mortality rate at 180 days after 
ICU discharge was 41.1%. The duration of ICU stay and/or a 
high SOFA score at ICU discharge was detected as a predic-
tor of outcome at 180 days after ICU discharge.

Our findings could suggest several points. Firstly, ICU 
outcome in patients with HM remains poor, and the high 
ICU mortality rates in patients with HM are significantly 
associated with the need for invasive mechanical ventilation. 
This may be associated with life-threatening events arising 
during treatment of HM rather than the primary malignan-
cies themselves, because in our study, the SOFA score was 
associated with ICU outcome. Indeed, Hill has described 

that the severity of physiological disturbance could predict 
short-term outcome in patients with HM [14]. In particular, 
respiratory failure (resulting from acute respiratory distress 
syndrome, pneumonia secondary to immunosuppression, 
invasive aspergillosis, and/or pulmonary hemorrhage) is well 
known to occur during treatment of HM [15–17]. Another 
possible reason why invasive mechanical ventilation is 
strongly associated with poor ICU outcome is that, we think, 
individuals with HM tend to be instituted invasive mechani-
cal ventilation compared to other cancer patients because 
most of the patients with HM admitted to the ICU are aimed 
at complete recovery from HM and therefore there are little 
tendencies for withholding of treatment and/or shifting to 
palliative care.

Secondly, previous HSCT was not associated with ICU 
outcome in our study, suggesting that critically ill patients 
with HM may develop potentially lethal events regardless 
of whether they have undergone HSCT or not. Although 
patients who underwent HSCT suffered from several specific 
complications (including GVHD, engraftment syndrome, 
bacterial, fungal and/or viral infection, and thrombotic 
microangiopathy) [18, 19], outcomes in HSCT recipients 
have improved in the past decade owing to several factors: 
reduced intensity conditioning regimens, careful selection of 
recipients (including younger age and fewer comorbidities), 
and routine use of antibiotics [1, 10]. Pène et al. described 
that patients admitted to the ICU after 30 or more days of 
HSCT requiring mechanical ventilation had a poor outcome 
compared to those admitted within 30 days after HSCT [20]. 
This could be explained by the fact that several complica-
tions secondary to HSCT occur more frequently after 30 
or more days of HSCT as opposed to the first 30 days after 
HSCT [20]. In this study, the proportion of GVHD and time 
from HSCT to ICU admission did not differ between ICU 
survivors and non-survivors. This may be one of the reasons 

Table 4  Logistic regression analysis of prognostic factors at 
180 days after ICU discharge

ICU intensive care unit, OR odds ratio, CI confidence interval, SOFA 
Sequential Organ Failure Assessment

Variables OR (95% CI) P value

Duration of ICU stay 1.07 (1.01–1.13) 0.027
SOFA score at ICU discharge 1.24 (1.04–1.48) 0.016
Creatinine at ICU admission 1.13 (0.84–1.52) 0.425
Sepsis as reason for ICU admission 0.56 (0.23–1.39) 0.214

Table 5  Comparison of cause 
of death between non-survivors 
during ICU and those at 
180 days after ICU discharge

Data are expressed as the number (%)
The causes of death in non-survivors between during ICU and at 180 days after ICU discharge are signifi-
cantly different (P < 0.001)
ICU intensive care unit, PCAS post-cardiac arrest syndrome

Cause of death Non-survivors

During ICU stay
(n = 57)

After ICU discharge
(n = 46)

Respiratory failure 29 (50.9%) 12 (26.1%)
Sepsis 11 (19.3%) 3 (6.5%)
Renal failure 6 (10.5%) 1 (2.2%)
Heart failure (including PCAS) 4 (7.0%) 1 (2.2%)
Liver failure 3 (5.3%) 0 (0.0%)
Primary hematological malignancy 3 (5.3%) 22 (47.8%)
Unknown 0 (0.0%) 5 (10.9%)
Other 1 (1.7%) 2 (4.3%)
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why previous HSCT was not associated with ICU outcome. 
However, our result differs from a report by Azoulay et al. 
that previous HSCT predicted poor outcome of ICU patients 
with HM [13]. In their study, the number of enrolled patients 
was 1011. On the other hand, only 169 patients were enrolled 
in our study although we could achieve the estimated sample 
size of 167 patients. The difference of sample size between 
the two studies might affect our result, because the P value 
of previous allogeneic HSCT between ICU survivors and 
non-survivors was 0.082. We believe this may be another 
reason that previous allogeneic HSCT was not detected as a 
prognostic factor of ICU outcome.

Thirdly, it is of note that a diagnosis of malignant lym-
phoma as primary HM was associated with a good ICU 
outcome. In this study, patients with malignant lymphoma 
did not suffer from respiratory failure compared to other 
HMs despite the similar proportion of the use of invasive 
mechanical ventilation. These findings suggest that patients 
with malignant lymphoma tend to be instituted invasive 
mechanical ventilation against clinical conditions, except 
for respiratory failure. In addition, it is plausible that the 
lower proportion of previous HSCT in patients with malig-
nant lymphoma compared to other HMs affected the low 
incidence of respiratory failure [15]. Therefore, considering 
that critically ill patients with HM have high mortality rates 
owing to respiratory failure, there may be a possibility that 
meticulous intensive care support for patients with malig-
nant lymphoma, particularly suffering from clinical condi-
tions separate from respiratory failure such as sepsis, renal 
failure, heart failure, and neurologic disorders, can result in 
a successful outcome. Wohlfarth et al. also showed that in 
patients with diffuse large B-cell lymphoma admitted to the 
ICU, hemodynamic instability (37.8%) was the most com-
mon reason for ICU admission, and that the ICU survival 
rate of them was 75.7% [21].

Fourthly, for critically ill patients with HM, it is likely 
that prognosis after discharge from ICU is determined by 
the level of physiological care needed at ICU discharge. This 
is because in our study, the duration of ICU stay and/or a 
high SOFA score at ICU discharge predicted poor outcome 
at 180 days after ICU discharge as a long-term outcome, 
although the length of invasive mechanical ventilation and 
continuous renal replacement therapy during ICU stay, and 
the proportion of patients who had needed for ventilator 
and/or renal replacement therapy at ICU discharge were 
similar between survivors and non-survivors. We presume 
that hematologists considered the longer patients had expe-
rienced ICU admission and the severer patients had had 
physiological disturbances at ICU discharge, the higher they 
were at risk for re-exacerbating general conditions requiring 
ICU readmission if the treatments for underlying or relapsed 
primary HM were proceeded after ICU discharge. Conse-
quently, many hematologists tended to avoid providing or 

hesitate to perform additional chemotherapy and/or HSCT 
after ICU discharge because these patients were in the poor 
physical status at ICU discharge. As a result, it is reasonable 
to reveal, in our result, the most common cause of death in 
patients who had died at 180 days after ICU discharge was 
primary HM, with differing those who died during ICU stay.

There are several limitations to our study. This was a 
retrospective study with a relatively small sample size 
(n = 169), and the sample size that analyzed factors associ-
ated with outcome at 180 days after ICU discharge was also 
smaller than that which analyzed factors during ICU stay 
(n = 112); the AUC of this model was 0.73. Because there is 
a chance of a type II error as we described, only factors hav-
ing strong correlations could be detected as risk factors with 
logistic regression analysis. In addition, little generalization 
may be possible since this was a single-center experience. 
There is a lack of information regarding primary disease 
status, treatment, clinical course following ICU discharge, 
and data from patients undergoing readmission to ICU dur-
ing their hospital stay and who were discharged home or 
transferred. However, our institution is a tertiary care hospi-
tal, where treatments for HM are performed by experienced 
teams. The results of the present study are largely similar to 
several other studies looking at prognostic factors in patients 
with HM admitted to ICU. To the best our knowledge, this 
is the first report in Japan describing prognostic factors 
related to short-term outcomes during ICU in critically ill 
patients with HM, as well as long-term outcomes (defined 
as at 180 days after ICU discharge in this study) in patients 
who could be successfully discharged from the ICU.

Conclusions

In critically ill patients with HM admitted to the ICU, 
the mortality rate during ICU stay and at 180 days after 
ICU discharge among ICU survivors was 33.7 and 41.1%, 
respectively. Regarding the short-term outcome of critically 
ill patients with HM during ICU stay, the use of invasive 
mechanical ventilation and a high SOFA score within the 
first 24 h of admission to the ICU was associated with poor 
ICU outcome. Conversely, malignant lymphoma as primary 
HM was associated with good ICU outcome. Previous allo-
geneic HSCT and age were not detected as prognostic factors 
during ICU stay. As a long-term outcome, increased duration 
of ICU stay and a high SOFA score at ICU discharge was 
related to poor outcome at 180 days after ICU discharge in 
patients discharged from the ICU.
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