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Abstract Outcomes of patients with hematologic malig-
nancies requiring ICU care for critical illness are suboptimal
and represent a major unmet need in this population. We
present data from a dedicated haematology oncology set-
ting including 63 patients with a median age of 60 years
admitted to the ICU for critical illness with organ dysfunc-
tion. The most common underlying diagnosis was multiple
myeloma (30%) followed by acute myeloid leukemia (25%).
Chemotherapy had been initiated for 90.7% patients before
ICU admission. The most common indication for ICU care
was respiratory failure (36.5%) and shock (17.5%) patients.
Evidence of sepsis was present in 44 (69%) patients. After
shifting to ICU, 32 (50%) patients required inotropic sup-
port and 18 (28%) required invasive mechanical ventilation.
After a median of 5 days of ICU stay, 43.1% patients had
died, most commonly due to multiorgan dysfunction. Risk
of mortality was higher with involvement of more than two
major organs (p=.001), underlying AML (p =.001), need
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for mechanical ventilation (p =.001) and high inotrope usage
(p=.004). Neutropenia was not associated with mortality.
Our study indicates high rates of short term mortality and
defines prognostic factors which can be used to prognosti-
cate patients and establish goals of care.
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Introduction

Patients with haematologic malignancies (HMs) requiring
admission to intensive care units (ICUs) continue to have
suboptimal outcomes, with only modest improvement in
survival over the past few decades [1]. Data from the 1990s
indicated short term ICU mortality in excess of 75%, which
still ranges from 40-50% in current datasets [2]. Recent
data from the United States indicates a mortality of 73% for
patients with HMs admitted with septic shock, in contrast
to approximately 40% for similar patients without cancer
[3, 4]. Patients with HMs are at particularly higher risk of
death owing to disease and treatment related immunosup-
pression, translating into a higher risk of invasive fungal
infections and bleeding complications [5, 6]. Indeed, patients
with HMs exhibit higher mortality compared to patients with
solid organ cancers admitted with critical illness [7]. As a
result, the utility of ICU admission for critically ill patients
with HMs or neutropenia was frequently questioned and
discouraged [8].

Survival after ICU admission is inversely correlated
with worsening hemodynamic or ventilatory function and
is reflected in measures of critical illness severity, including
APACHE (Acute Physiology and Chronic Health Evalua-
tion) and SOFA (Sequential Organ Failure Assessment)
scores [1, 9, 10]. Unlike previous data, neutropenia is no
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longer an adverse prognostic factor for survival, indicating
an unmet need to identify other factors for selecting patients
likely to benefit from ICU admission for critical illness [3].
This has prompted the exploration of newer concepts, such
as improved triaging and time limited trials for ICU admis-
sion, with an aim to identify patients likely to benefit from
ICU admission in this setting.

Patients with haematologic malignancies requiring ICU
admissions represent an expanding population. Based on
older data, approximately 7% of all patients with haema-
tologic cancers on treatment require critical care [11]. In a
large dataset with 86,000 ICU admissions published in 2022,
approximately 20% of patients admitted with sepsis had
underlying HM [3]. This number is expected to increase over
the next few years, as a greater number of patients previously
deemed unfit for therapy now receive treatment with cura-
tive intent, placing further emphasis on streamlining ICU
protocols and identifying suitable candidates for admission
to ICU [12-14].

This challenge is magnified in resource limited settings
such as India, where patients exhibit greater physiological
frailty and treatment related complications compared to
similarly aged patients in the West [14]. Patients admitted
to ICUs in India also display higher rates of infections with
gram negative bacilli (GNB) and multidrug resistant (MDR)
organisms, translating into higher rates of short term mortal-
ity [15, 16]. For context, more than 40% of induction deaths
in patients with acute myeloid leukemia in India are attribut-
able to MDR organisms [17].

Given the paucity of published data in the Indian setting,
this study was conducted to assess patients with haemato-
logic malignancies (HMs) admitted to intensive care units
(ICUs) for critical illness, aiming to determine short-term
mortality rates and identify prognostic factors influenc-
ing survival. This study included a distinct population of
patients with haematologic malignancies alone, and will
hopefully enable future research aimed at improving survival
in this patient subset.

Methods
Study Design and Setting

This was conducted as a retrospective observational study
in the departments of Haematology-Oncology, Medical
Oncology and Critical Care in a private unaided tertiary care
institution in North India and included patients from May 1,
2019 to May 1, 2022. Patients with acute leukemia, chronic
leukemia, multiple myeloma and all subtypes of lymphoma
requiring admission to the intensive care unit for critical ill-
ness were included in the analysis. All patients were under
treatment with the departments of Hematology/Medical
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Oncology at the time of shifting to ICU. Institutional ethics
committee approval was received before starting the study.

Criteria for Critical Care Admission and Inclusion

Medical records of patients admitted to ICU during the
study period were retrieved and evaluated. To ensure that
a representative population was included, criteria for organ
dysfunction were pre-specified, based on criteria included in
the International Consensus definition for Sepsis and Septic
Shock [18]. Patients admitted for pre-emptive monitoring
and other indications were excluded from the study. Inclu-
sion criteria to define critical illness were:

a. Hypotension: Systolic BP <90 mmHg

b. Respiratory Failure: SpO2 <90% or requiring more than
10 L/min of O2 support in the ward, or arterial blood gas
(ABG) indicating pO2 < 60 mmHg or pCO2 >45 mmHg

c. Acute Kidney Injury (AKI): As there is no standard defi-
nition of sepsis related AKI (SA-AKI), the presence of
AKI according to KDIGO (Kidney Disease Improving
Global Outcomes) guidelines along with the presence
of Sepsis-3 criteria was used as a pragmatic definition,
as described in several guidelines [19, 20]. Thus, an
increase in serum creatinine by 0.3 mg/dl, a rise by 1.5
times of baseline, or urine output of < 0.5 ml/kg/hour for
more than 6 h was used to define SA-AKI.
Altered sensorium: Glasgow Coma Score of < 8/15

e. Major Bleeding: Defined as bleeding associated with a
fall in Hemoglobin by >2 g/dl or requiring blood trans-
fusion support, according to the ISTH (International
Society on Thrombosis and Hemostasis) guidelines [21].

f. Cardiac or respiratory arrest

g. Tachyarrhythmia: HR more than 150/min but not sinus
tachycardia, or Bradyarrhythmia: HR Less than 60/min
requiring cardioversion.

Patients who fulfilled the above criteria and were aged
more than 18 years of age at the time of admission were
included in the analysis. No other exclusion criteria were
specified.

Treatment in ICU

The institutional ICUs follow a semi-closed design, with
both the primary team and intensive care team sharing
responsibility for the patient. Decisions on ventilatory and
hemodynamic support, vascular access or invasive monitor-
ing were primarily made by the intensive care team. Any
major decisions involving the addition of further life sup-
port or changing the intent of ICU admission (e.g., not to
intubate) were made after discussion with the primary team
and the patient’s family. To lend context, the approximate
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cost of ICU care in this center is approximately X 10,000 per
day, which can go up to X 25,000/day in case of mechanical
ventilation or dialysis support. Neutropenia was defined as
an absolute neutrophil count (ANC) of less than 1500/mm3,
and institutional protocols based on standard guidelines were
followed for the treatment of febrile neutropenia and fungal
infections [22].

Briefly, for any patient with a temperature of more than
100.4 F, blood cultures were collected, and intravenous
Cefoperazone/Sulbactam and Amikacin were initiated. For
patients who were hemodynamically unstable or had previ-
ous history of infections with ESBL producing (Extended
Spectrum Beta Lactamase) organisms, antibiotics were esca-
lated to Meropenem. A clinical examination was performed
to rule out any localizing features of infection and antibiot-
ics were continued for at least 48—72 h before reviewing
cultures and modifying the same. For persistent neutropenic
fever beyond 72 h, a high resolution CT scan (HRCT) chest
was obtained to rule out invasive fungal infection. Antibiotic
therapy was modified after mutual discussion between the
hematology and critical care teams.

Fungal pneumonia was classified as possible, probable,
or proven based on guidelines from the mycoses study group
of the EORTC [23]. Administration of inotropic support was
determined by the intensive care team, and choice of specific
agents was made in accordance with established protocols.
Vasoactive inotropic score (VIS) was calculated as previ-
ously described [24].

Statistical Analysis

Baseline data and demographics for all patients were
obtained from medical records. Chronic co-morbidities,
including diabetes mellitus, systemic hypertension, chronic
kidney disease, connective tissue disease and coronary artery
disease were specifically recorded. Data were described in
terms of range; mean + standard deviation (+ SD), median,
frequencies (number of cases) and relative frequencies (per-
centages) as appropriate. To determine whether the data
were normally distributed, a Kolmogorov—Smirnov test
was used. Comparison of quantitative variables between the
study groups was done using Mann Whitney U test for inde-
pendent samples for non-parametric data. Receiver operator
characteristics (ROC) curve was done, and criterion value
was estimated depending on the specificity and sensitiv-
ity. Area under curve (AUC) was measured. Kaplan—Meier
curves for survival were plotted among different variables.
For comparing categorical data, Chi square (y2) test was
performed, and Fisher exact test was used when the expected
frequency is less than 5. A probability value (p value)less
than 0.05 was considered statistically significant. All statis-
tical calculations were done using (Statistical Package for

the Social Science)SPSS 21version (SPSS Inc., Chicago, IL,
USA )statistical program for Microsoft Windows.

Results
Baseline Data and Setting of ICU shift

A total of 63 patients (M:F=40:23) with a median age of
60 years (IQR, 40-69) were included in the analysis. The
most common underlying diagnosis was multiple myeloma
(n=19, 30%), followed by AML (n=16, 25%) and chronic
lymphocytic leukemia (n=8, 12.7%). A majority of patients
had newly diagnosed disease (n=49, 77.8%) and treatment
for underlying malignancy was initiated for 57 (90.4%)
patients before shifting to ICU. The median number of
chronic co-morbidities was 1 (IQR, 0-2) with twenty two
patients (34.9%) having no prior comorbidities. Baseline
echocardiography was available for 34 (54%) patients, and
19 (30%) had LV systolic dysfunction with a median LVEF
of 40% (IQR, 30—44). Table 1 shows baseline characteristics
of study participants at the time of admission to the ICU
and, with frequency of underlying diagnosis displayed in
Supplementary Figure 1.

The median neutrophil count at the time of shifting to
ICU was 3072/mm3 (IQR, 882—7968) and median creatinine
was 1.1 mg/dl (IQR, 0.8 to 2.0). Neutropenia was present
in 38.1% (n=24) patients at the time of admission. In the
neutropenic group, the median ANC was 24 cells/mm3 (IQR
0-307), compared to 4620 cells/mm3 (IQR 2898-9240)
in the non-neutropenic group. On comparing neutropenic
and non-neutropenic patients, the former had a younger
median age (46 vs 64 years, p=0.007) and a greater degree
of thrombocytopenia (22,000 vs 96,000/mm3, p=0.000).
Salient differences between the two groups are highlighted
in Supplementary Table 1.

The commonest primary indication for shifting to ICU
was respiratory failure, present in 23 (36.5%) patients fol-
lowed by hypotension in 11 (17.5%), acute cardiac event in
9 (14.3%) and altered sensorium in 7 (11.1%) patients. Forty
four patients (69.8%) had clinical, radiological, or micro-
biological evidence of infection at the time of admission,
with the most common localization being the lower respira-
tory tract (n=23, 52.2%), followed by no specific localiza-
tion (n=13, 29.5%). Figure 1a and b show a distribution of
primary indication for ICU admission and localization of
infection, respectively.

Supportive Care in ICU
A majority of patients had two major organ dysfunction

(n=20, 31.7%), followed by single organ in 16 (25.4%)
and three in 15 (23.8%) patients. Out of 102 occurrences of
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Table 1 Baseline characteristics of study participants

Parameter Median Interquartile Range (IQR)
Age (Years) 60.0 40.0 - 69
Hb (g/dl) 8.5 6.9-10.4
WBC (cells/mm®) 7600 1900-30500
Platelets (cells/mm3) 39,000.0 20,000.0-137000
Neutrophil (%) 40.0 6.0-69
ANC (Cells/mm?) 3072.0  882.0-7968
Creatinine (mg/dl) 1.1 0.8-2.0
Total Bili (mg/dl) 0.7 0.5-1.3
Direct Bili (mg/dl) 0.3 0.1-0.7
pH 74 7.2-7.5
pO2 (mmHg) 88.5 65.3-168.3
pCO2 (mmHg) 30.0 20.8-36.5
HCO3 19.5 14.8-23.3
Lactate 22 1.2-4.5
ECHO LVEF (%) 47.0 34.3-60
Number of Dialysis Days 4.0 2.0-8.5
Highest Creatinine (mg/dl) 1.7 1.0-2.6
Highest Bilirubin (mg/dl) 0.9 0.5-14
Procalcitonin (ng/ml) 5.0 2.0-23.5
Vasoactive Inotropic Score 24.0 7.3-51.5
(VIS)

Duration of ICU stay (Days) 5.0 2.0-8.0
Co-Morbidities N Percentage
0-1 41 65%
2-3 20 31.7%
>4 2 3.1%
Setting of ICU Shift

Diagnosed and Treatment 57 90.4%

Started
Treatment not Started 6 9.5%

Hb haemoglobin, WBC white blood cell, ANC absolute neutrophil
count, pO2 partial pressure of oxygen, PCO2 partial pressure of car-
bon dioxide, HCO3 bicarbonate, LVEF left ventricular ejection frac-
tion

organ dysfunction across the cohort, cardiovascular (CVS)
involvement was observed in 37 instances, renal in 29, res-
piratory in 25, and central nervous system (CNS) involve-
ment in 11 instances. Thirty two patients (50.8%) presented
with shock necessitating inotropic support, with a median
requirement for 2 inotropic drugs (IQR, 1-3).The median
vasoactive score (VIS) was 24 (IQR, 7.3 to 51.5). Respira-
tory support was required for 43 (68.2%) patients, with a
majority of patients requiring non-invasive ventilation with
face mask or nasal devices (n=22, 34.9%) and 3 (4.8%)
requiring positive pressure support. Invasive ventilation was
required for 18 (28.6%) patients, for a median duration of
2 days (range, 1-9 days). Hemodialysis was performed for
nine (14.2%) patients, with five patients receiving continu-
ous renal replacement therapy (CRRT) and four conventional
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hemodialysis. Dialysis was performed for a median of four
days (IQR, 2 to 8.5).

Microbiologic Findings

Of all patients admitted with a diagnosis of sepsis (n =44,
69.8%), a confirmed microbiologic diagnosis was obtained
in 11 patients (25%), with the commonest isolate being GNB
in 8 (72%), followed by Gram Positive Cocci, Candida auris
and Clostridium Difficile in one patient each. The site of iso-
lation included blood culture in 8 patients, respiratory secre-
tions in 3 and urine in one (one patient had GNB in both
blood and sputum). Five of the gram negative bacilli isolated
(62%) were carbapenem resistant. None of the patients had
proven fungal pneumonia due to lack of biopsy or bron-
choscopy during admission. Positive fungal biomarkers were
observed in 16 (26%) patients, including galactomannan in 5
(7.9%) and beta glucan in 6 (9.5%) patients. A final diagno-
sis of possible fungal pneumonia was made in 12 (19%) and
probable fungal pneumonia in 11 (17.4%) patients.

Outcome of ICU Stay

The overall intent of admission included full support
including dialysis and mechanical ventilation for a majority
(n=54, 85%) of patients. Families of six patients (9.5%)
opted against intubation, while three patients (4.8%)
requested to exclude hemodialysis. The median duration of
stay in the ICU was 5 days (IQR, 2 to 8 days). At the end of
the ICU stay, 36 (57.1%) patients were shifted out of ICU
with clinical improvement. Twenty patents (31.7%) died dur-
ing the course of ICU stay, and treatment was discontinued
by seven patients (11.1%). The latter group was presumed
dead for analysis. Cause of death in all patients was pro-
gressive multi-organ dysfunction. Median survival in ICU
from the date of ICU admission to the last day in ICU was
estimated to be 15 days (IQR 8.7 to 21.2). Figure 2 displays
Kaplan Meier survival curve for the entire cohort in the ICU.

Statistical Analysis and Predictors of Mortality

Survival was significantly lower for patients with AML
(Median, 2 vs. 18 days) compared to those with all other
diagnoses (X2 19.4, p=0.001) and is depicted in Fig. 3a.
No difference in survival was observed among neutro-
penic and non-neutropenic patients, (median, 15 vs 18
days, p=0.131), as observed in Fig. 3b. Beyond two or
more major organ involvement, a significant increase in
risk of mortality was observed (X2 =25.3, p=0.001),
and is depicted in Fig. 3c. A higher risk of mortality
was also observed in patients where the primary indica-
tion for admission was respiratory failure (X2 =15.154,
p=0.034) and those who required mechanical ventilation
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Fig. 1 a Distribution of pri-
mary indication for admission
to ICU. b Frequency of localiza-
tion of infection among the
study participants. CNS: Central
Nervous System
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Fig. 2 Overall survival after ICU admission, calculated from the day
of shifting to ICU to last day in ICU

Primary Indication for ICU admission (%)

Bleeding
6%

Respiratory Failure
37%

Acute Cardiac

Hypotension
19%

Localization of Infection (%)

1.59

4.76

4.76

22.22

30.16

36.51

5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00

Percentage of patients

(X2=23.79, p=0.001). A similar effect was noted in
patients who had a documented respiratory infection
(X2=19.47, p=0.007).

An association between risk of mortality and increas-
ing vasoactive scores (p =0.004) was also observed.
Receiver Operating Characteristic (ROC) curve analysis
yielded an Area Under the Curve (AUC) of 0.816 (95% CI,
0.644-0.988, p=0.004) when utilizing a VIS threshold of
12 to predict excess mortality (Fig. 4).

A comparative analysis to identify baseline differences
among survivors and non-survivors revealed significant
differences in three parameters, namely, mean baseline
platelet count (93,000/mm3 vs 22,000/mm3, Z=-3,
p=0.003), lowest pH on arterial blood gas analysis (7.44
vs 7.06, Z=-2.0, p=0.043) and mean VIS (13.5 vs 35.3,
Z=-2.9, p=0.004). There was no significant difference
between the two groups based on age, baseline counts,
ANC, and number of co-morbidities.
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Discussion

Our cohort of patients with haematologic malignancies,
including 50% admitted with shock and 30% requiring
mechanical ventilation offers a broad representation of vari-
ous aspects of ICU care in this distinct population. Primary
findings include an ICU related mortality of 43%, which cor-
related significantly with an underlying diagnosis of AML
and respiratory failure at the time of shifting to ICU. The
lack of association between ICU survival and neutropenia
or chronic co-morbidities is reassuring, suggesting the pos-
sibility of identifying patients who may benefit from ICU
admission despite being unfit.

Our finding of ICU-related mortality of 43% is in keep-
ing with rates of 30-50% noted in contemporary studies
[25-27]. One of the few studies from India evaluating this
patient population reported a similar mortality of 48% [28].
It is noteworthy that short term mortality in high income
settings also falls in the same range, indicating significant
effort required to improve outcomes in this patient subset.
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As the commonest indication for ICU care in this population
is hemodynamic or respiratory support, early identification
of clinical deterioration is vital and positively impacts out-
comes after ICU admission [29-31].

Several early warning systems can be useful in this
regard. The modified early warning score (MEWS) serves
as a prototype early warning system, incorporating multiple
physiological factors which can be assessed easily at the
bedside and enables prediction of requirement for ICU care
in patients with haematologic malignancies [32]. The predic-
tive value of MEWS can be further enhanced by changing
the cutoff score to six [32], or adding serum lactate [33], or
the SpO2/FiO2 ratio to baseline assessment [34]. Two other
scoring systems including the serially measured Systemic
Inflammatory Response Syndrome (SIRS) score [35, 36]
and the qSOFA score (RR >22/min, SBP <100 mmHg and
altered mental status) [37] are easily assessable and have
meaningful predictive capabilities.

Septic shock has been consistently identified as a nega-
tive prognostic factor in various studies in haematology/
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Fig. 4 Receiver Operating Characteristic (ROC) curve analysis for
VIS score in prediction of ICU mortality. A score of 12 provided
a sensitivity and specificity of 81% for identifying this subset of
patients

oncology patients in the ICU [38-40]. Higher inotrope
requirements are reflected in the VIS, which provides a
standardized representation of the extent of inotrope usage.
We observed that a cutoff of 12 provides a sensitivity and
specificity of 81% for predicting a higher risk of mortality,
which can provide a signpost for informed discussion about
the likelihood of poor outcomes.

We observed a mortality rate of 88% in patients requiring
invasive mechanical ventilation (IMV). This subset experi-
ences high mortality in published data, ranging from 65 to
75% in several studies [10, 26]. These poor outcomes had
prompted alternate strategies in the past, such as utilizing
NIV in the ward to avoid potential intubation. However, tri-
als of NIV in the ward are associated with high rates of fail-
ure (45 to 60%) and a subsequent higher mortality in those
who fail NIV [28, 41, 42]. Although this was challenged
by a recent meta-analysis, the question is still unresolved
due to suboptimal quality of the included studies, and is
not recommended by current guidelines [43, 44]. Consid-
eration of patient frailty and the reversibility of underlying
respiratory failure and haematologic malignancy should be
a priority before deciding on intubation and ventilation in
this context [45].

A microbiologic etiology was documented in 25% of
patients with sepsis, broadly in keeping with culture positiv-
ity rates of 20-30% noted in most studies [46]. Concerningly,

five out of eight isolated GNBs were carbapenem resistant,
which are often observed at rates of 40-60% at tertiary cen-
tres in India [47-50].

In resource limited settings, the process of ICU care
must necessarily involve financial discussions, as costs of
ICU care are significant and often borne out of pocket [51].
This process goes beyond the initial ICU admission and is
necessary to avoid imposing unnecessary financial burden
when patients are not likely to improve. Therefore, even after
admission to ICU, reappraisal of goals and extent of ICU
care is paramount and can be assisted by several prognostic
factors identified in this study. Involvement of more than
two major organs, high inotropic requirement (indicated by
a VIS of > 12) and underlying AML warrants a more critical
reassessment and lowering the threshold for changing goals
of ICU care.

Neutropenia alone should not be considered a negative
prognostic factor in this patient subgroup [44]. A recent
study from India demonstrated a higher risk of mortality for
neutropenic patients, likely due to a higher representation
of acute leukemia and use of IMV in over 60% of patients
[28]. We did not observe a similar association, indicating
that decisions to change goals of care in ICU should depend
on measures of organ severity and not neutropenia alone.

There are several nuances to considering AML as a nega-
tive prognostic factor. In India, baseline mortality with AML
is significantly higher owing to fungal and gram negative
infections, and high rates of treatment discontinuation are
noted due to financial reasons [17]. In addition, the effect of
age on mortality even without critical illness becomes appar-
ent beyond 50-55 years of age [52]. These differences and
the additional cost of ICU care become even more signifi-
cant, emphasizing their crucial role in the discussing goals
of ICU care.

Our study has two limitations which may restrict univer-
sal application of these results. First, a higher proportion
of patients with myeloma compared to AML is an unex-
pected finding, and may be a result of patient demograph-
ics, regional epidemiology, and referral patterns. We have
recently demonstrated financial and social factors leading to
significant non initiation of therapy in Indian patients with
AML, which may have a greater impact in those requiring
ICU care [52]. Secondly, our data from a private academic
institution may not be universally applicable. Both these
limitations can be potentially overcome by accruing data
from several Indian institutions from public and private
backgrounds with varying funding.

Conclusions

Our study demonstrates a high rate of short term mortality
in patients with haematologic malignancies requiring critical
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care, and identifies the presence of AML, requirement of
mechanical ventilatory support, and high inotropic require-
ment as negative prognostic factors. Early identification of
suitable candidates and daily re-evaluation of prognostic
factors can enable improved communication with families
can allow well-informed decisions regarding goals of care.
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