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ABSTRACT 

Introduction: Intensive care unit (ICU) admission due to haematological malignancy (HM) has previously been questioned due to 
high mortality. While mortality-associated factors have been studied in HM patients to guide decision making and clinical practice, 
UK-based research remains limited. This single-centre retrospective service evaluation (SE) aimed to review characteristics and 
hospital outcomes of patients admitted to our ICU because of HM. 
Methods: Consecutive adults with HM-related admissions to a multi-specialty ICU between January 2022 and October 2024 were 
retrospectively identified. Data were extracted for patient characteristics, ICU interventions and hospital outcomes. Associations 
with ICU mortality rates were also assessed. 
Results: During the SE, there were 227 ICU admissions of HM patients, of which 168 were HM-related and, hence, included 
in subsequent analysis. The most common reasons for admission were respiratory failure (36.3%) and sepsis (26.2%). ICU and 
in-hospital mortality rates were 44.0% and 53.0%, respectively. ICU mortality rates increased significantly with APACHE II and 
SOFA scores (both p < 0.001), and in patients with leukaemia ( p = 0.021), graft versus host disease ( p = 0.001), treatment limitations 
( p < 0.001) or that were chemotherapy naïve ( p = 0.044). In patients surviving to ICU discharge, 31.9% were unable to mobilise out 
of bed at this point. By hospital discharge, 94.9% of surviving patients were mobile; however, 25.3% required ongoing rehabilitation. 
Conclusion: This SE describes the characteristics, outcomes and mortality-associated factors in patients with HM-related 
admissions to our ICU, which may be useful in aiding clinician understanding and guiding future practice. Prospective, robust 
studies are needed to validate findings and explore future opportunities to enhance patient outcomes in this cohort. 
Trial Registration: The authors have confirmed clinical trial registration is not needed for this submission. 

1

I  

h  

d  

 

 

 

 

 

T
o
©

e
h

 Introduction 

ntensive care unit (ICU) survivorship in the United Kingdom
as surpassed 85% [ 1 ], resulting in more patients with long-term
ysfunction and increased pressure on healthcare systems [ 2 ].
his is an open access article under the terms of the Creative Commons Attribution Licen
riginal work is properly cited. 
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ICUs are an expensive and finite resource [ 3 ]; therefore, their
use should be reserved for patients most likely to benefit [ 4 ].
Understanding the required resources, treatment burdens and
expected outcomes for diseases is crucial for guiding clinician
decision-making and resource allocation [ 5 ]. Rehabilitation in the
se, which permits use, distribution and reproduction in any medium, provided the 
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CU after critical illness, commencing as early as possible, can
mprove outcomes and allow patients to regain their previous
evels of function [ 6 ]. 

aematological malignancies (HMs) are blood cancers stem-
ing from dysfunctional blood cell production and function

 7 ]. ICU mortality rates in patients with HM are higher than
he general population, but have improved with advances in
odern healthcare [ 8 ]. However, there is considerable global
ariability in reported ICU mortality rates, which range from
3% to 89.9% in single-centre observational studies [ 9–11 ]. A UK
ational database review reported a rate of 43.1% [ 12 ] with smaller
K-based observational studies evidencing ICU mortality rates
f 33% and 29.4% respectively [ 13, 14 ]. Whilst ICU admission in
his population is justified, consideration of illness trajectory and
he burdensome nature of care should be given [ 15 ]. Within the
nited Kingdom, there are currently no admission guidelines
r service standards for this cohort, meaning benchmarking and
nterpretation of service standards is challenging. 

dentifying risk factors associated with mortality guides under-
tanding of treatment success and futility [ 16 ]. Such factors
re well researched for general ICU populations [ 17 ], with age,
llness severity, mechanical ventilation (MV), sepsis and the
egree of organ failure consistently being associated with ICU
ortality [ 18 ]. However, evidence in HM patients is limited and
nconsistent, possibly due to the unpredictability of terminal
ecline in HM stemming from the disease process and treatment-
pecif ic factors [ 19 ]. This results in an unclear route from ICU
dmission to hospital survival [ 20 ]. The limited evidence in HM
atients is also hampered by a lack of methodological rigour [ 21,
2 ]. 

he largest ( n = 1011) ICU multi-centre prospective study in
M patients found increasing age, poor functional performance
tatus, illness severity, multi-organ failure, MV, vasoactive med-
cation and stem cell transplant (SCT) to be associated with
ncreased ICU mortality, whereas disease remission and earlier
CU admission improved outcomes [ 23 ]. Worse outcomes in HM
atients requiring MV or vasoactive medication is consistently
bserved across the literature [ 11, 24 ]. However, the association
ith SCT, illness severity scores, HM subgroup, neutropenia,
nfection and delayed ICU admission has been inconsistent and
ontradictory across other studies [ 21, 25, 26 ]. 

M patients surviving ICU admission have also demonstrated
oderate-to-severe frailty up to 12 months after discharge, includ-
ng higher functional and psychological morbidity compared to
eneral ICU populations. One study reported 60% of survivors
ad their candidacy for ongoing cancer treatment modified or
emoved due to poor health status [ 27 ]. Decisions regarding
andidacy for ICU admission should also consider the long-
erm functional outcomes, quality of life (QoL) and eligibility for
ngoing treatment of survivors [ 28 ]. 

learer information on patient and hospital outcomes supports
CU and physiotherapy decision-making, promoting judicious
se of finite resources and optimising physiotherapy interven-
ions through improved understanding of likely rehabilitation
otential and trajectory [ 29 ]. As a result, limited physiotherapy
rovision can be redistributed towards patients most likely
of 12
to benefit, as enhanced rehabilitation may reduce long-term
frailty and increase access to continued HM treatment [ 5, 28 ].
Improved insight into individuals’ rehabilitation potential may
also streamline care pathways, strengthen continuity of care, and
facilitate discharge planning, thereby reducing readmission rates
and length of stay (LOS) [ 30, 31 ]. 

We aimed to complete a service evaluation (SE) to identify clinical
characteristics of patients with HM-related ICU admissions,
describe their ICU and hospital outcomes and analyse clinical
factors associated with mortality with the purpose of guiding local
practice and service improvement initiatives. 

2 Methods 

2.1 Setting 

A single-centre SE was undertaken at a large tertiary hos-
pital in the West Midlands, United Kingdom, comprising a
multi-speciality, 100-bed ICU and specialist regional haemato-
oncological services. The ICU has twice-daily consultant ward
rounds and weekday Physiotherapy, Occupational Therapy,
Dietetic and Speech and Language Therapy input. Patients requir-
ing ICU admission are identified by elevated standardised early
warning scores and reviewed by ICU outreach, with admission
decisions made by a senior registrar or consultant intensivist.
All patients are screened by Physiotherapy at ICU admission,
with further weekday input prioritised based on clinical need
and risk [ 32 ]. Staff resources are insufficient to provide daily
or weekend rehabilitation; therefore, physiotherapy intervention
at the weekend is limited to respiratory care only. Structured
physical rehabilitation and mobilisation practice at the centre
is largely undertaken by physiotherapy staff, with routine daily
repositioning and some incidental rehabilitation activities being
undertaken by nursing staff. 

2.2 Population 

Consecutive adult (age ≥ 16 years) ICU admissions of patients
with HM between 1st January 2022 and 31st October 2024 were
identified from the local Intensive Care National Audit and
Research Centre dataset (ICNARC). Patients registered on the
NHS National Data Opt-Out were excluded, to ensure regulatory
compliance [ 33 ]. The electronic health records system (EHR)
was reviewed to identify the reason for ICU admission; patients
were excluded if their admission was not directly HM-related as
documented in their EHR (e.g., traumatic brain injury with a
history of leukaemia, or those in complete remission). Patients
with multiple ICU admissions were treated separately if they
stemmed from discrete hospital stays; readmissions to ICU within
the same hospital stay were combined into a single episode for
analysis. 

2.3 Data Extraction 

Data for patient demographics, medical history, routinely col-
lected clinical information and HM-specific details at ICU
admission were extracted from EHRs. Pre-admission frailty was
eJHaem, 2026
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uantified using the Clinical Frailty Scale (CFS) [ 34 ], with illness
everity measured by the Sequential Organ Failure Assessment
SOFA) [ 35 ] and Acute Physiology and Chronic Health Evaluation
I (APACHE II) scores [ 36 ]; the latter was additionally converted
o the estimated in-hospital mortality rate (‘APACHE II proba-
ility’). The primary reason for admission, as recorded on the
CNARC database, was identified. Patients’ treatment history was
eviewed, to identify those that had undergone Cellular and Gene
herapy (CGT) with either SCT or chimeric antigen receptor T-
ell (CAR-T) therapy. Patients with adverse events from these
reatments (such as graft vs. host disease [GvHD], immune
ffector cell-associated neurotoxicity syndrome, cytokine release
yndrome, tumour lysis syndrome or cytopenias) were also
dentified. However, due to limitations in categorisation from the
CNARC databases, detailed specifics of adverse events were not
vailable beyond GvHD in SCT recipients and ‘adverse events’ in
hose undergoing CAR-T therapy. 

CU-specific factors included the incidence of ICU-acquired
nfection (defined as positive microbiological sampling) and
eutropenia (neutrophil count ≤ 0.5 × 109 /L). Patients with ‘treat-
ent limitations’ were identified, defined as a medical decision to
estrict specific intervention within 24 h of ICU admission. The
evel of organ failure was quantified as the number of individual
rgans (from a total of six) requiring support, as per ICNARC
riteria: 

∙ Respiratory: Ventilation via high-flow nasal oxygen (HFNO),
non-invasive ventilation (NIV) or invasive MV. 

∙ Cardiovascular: Vasoactive medication requirement. 

∙ Gastrointestinal: Intestinal failure requiring parenteral nutri-
tion. 

∙ Renal: Dialysis for anuria, or electrolyte/lactate clearance. 

∙ Liver: Coagulopathy management with or without acute
hepatocellular failure. 

∙ Neurological: Consciousness level depression causing airway
compromise. 

OS was recorded in calendar days, and excluded patients who
ied prior to reaching the end of the interval (e.g., ICU LOS
xcluded patients who died in ICU). In patients surviving to
ospital discharge up to 30th November 2024, dates of death
ere extracted from national mortality data. Mobility at ICU
nd hospital discharge was quantified using the Manchester
obility Score (MMS), a seven-point scale used to measure
hysical function, ranging from bed-based exercises (one point)
o active mobilisation more than 30 metres (seven points) [ 37 ].
ospital discharge destination was classified as ‘home’ (patient’s
ormal residence), either with or without ongoing community
ehabilitation team input; inpatient rehabilitation (i.e., a sec-
ndary inpatient rehabilitation centre); care home/hospice; or an
nter-hospital transfer. 

.4 Registration and Ethics 

his project was registered and approved locally as a retrospective
E (Clinical Audits and Research Management system no. 22498);
JHaem, 2026
hence, ethical approval was not required as per the Health
Research Authority decision making tool and the associated
defining research matrix. As there are no formal reporting
guidelines for SEs, results are reported as per STROBE guidelines,
as these were believed to be the most appropriate [ 38 ]. 

2.5 Statistical Methods 

Associations with ICU mortality rates were assessed using
Fisher’s exact test for categorical variables and Mann–Whitney U
tests for ordinal or continuous variables. To visualise trends across
continuous variables, ICU mortality rates were additionally
reported within subgroups. Univariable binary logistic regression
models were also produced for selected ordinal and continuous
variables, which included the variable of interest as a continuous
covariate, and ICU mortality as the dependent variable. Survival
post-hospital discharge was quantified using a Kaplan–Meier
curve. 

All analyses were performed using IBM SPSS v29 (IBM Corp.
Armonk, NY). Statistical significance was primarily assessed
using a threshold of p < 0.05; however, to assess the impact of mul-
tiple comparisons, hypothesis tests which remained significant
at the threshold defined by the Benjamini–Hochberg procedure
(across all N = 32 hypothesis tests performed, with a false
discovery rate of 5%) were also identified. Continuous variables
are summarised as mean ± standard deviation (SD) where
approximately normally distributed, or as median (interquartile
range [IQR]) otherwise. Complete data were available for all vari-
ables; hence, no considerations for missing data were required.
Cases were excluded from the analyses of variables which were
not applicable (e.g., patients who died in hospital were excluded
from discharge destination analysis). 

3 Results 

3.1 Cohort Characteristics 

A total of 227 ICU admissions in patients with HM were
identified. After excluding those registered with NHS National
Data Opt-Out ( n = 11), 48 (22.2%) of remaining admissions
were unrelated to HM, and were excluded. The remaining 168
HM-related ICU admissions (in 166 patients) were included
(Figure 1 ). The median (IQR) age at ICU admission was 61 (44–
69) years, with the majority being male (61.3%); pre-admission,
73.2% were deemed either ‘well’ or ‘fit’ by the CFS (Table 1 ).
Illness severity at ICU admission was high, with mean APACHE
II probabilities and SOFA scores of 47% ± 21% and 7 ± 3,
respectively. Leukaemia was the most prevalent HM subgroup
(48.2%), followed by lymphoma (38.1%) and myeloma (13.7%;
Table 2 ). Almost all (94.6%) patients had received, or were cur-
rently receiving, chemotherapy at ICU admission. A total of 47.6%
of patients had received CGT, comprising SCT in 31.0% and CAR-
 therapy in 17.3% (one patient received both); adverse events
occurred in 40.4% and 65.5% of SCT- and CAR-T-treated patients,
respectively. 

SCT incidence was 31.0%, of whom 40.4% of patients developed
GvHD. The median (IQR) time from hospital to ICU admission
3 of 12
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FIGURE 1 Flowchart diagram of inclusion/exclusions for admissions. HM: haematological malignancy; ICU: intensive care unit. 
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FIGURE 2 Kaplan–Meier curve of survival post-hospital discharge. 
Analysis is based on the N = 79 patients who survived to hospital 
discharge. The plot is truncated at 24 months of follow-up, due to 
declining numbers at risk. 
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as 10 ( 2–17 ) days, with most patients admitted due to respiratory
ailure (36.3%) or sepsis (26.2%; Table 3 ). Treatment limitations
ere set in 14.3% of cases, with 55.4% of patients receiving
teroids and 53.0% developing neutropenia. No organ support was
equired in ICU for 10.7% of patients, with single- and multi-organ
ailure in 30.4% and 58.9%; organ failure was most commonly
espiratory (67.9%) or cardiovascular (67.3%). 

he in-hospital mortality rate was 53.0%, comprising 44.0% ICU
eaths with a further 8.9% post-ICU discharge (Table 4 ). Patients
urviving ICU had a median (IQR) ICU LOS of 6 ( 3–10 ) days,
ith 31.9% being unable to mobilise out of bed (MMS ≤ 2) and
3.2% able to step-transfer or better (MMS ≥ 5) at this point.
atients surviving to hospital discharge had a median (IQR)
OS of 30 ( 19 –51) days; 94.9% were able to mobilise (MMS ≥ 6)
t this point, although 25.3% required ongoing rehabilitation
ost-discharge. Over a median (IQR) of 9 ( 5–20 ) months of
ost-hospital discharge follow-up, there were 19 deaths, yielding
aplan–Meier estimated survival rates of 88%, 80%, and 72%
t 90 days, six months and one-year post-hospital discharge,
espectively (Figure 2 ). 

.2 Associations With ICU Mortality 

CU mortality was not found to differ significantly with patient
ge ( p = 0.241), sex ( p = 0.429), BMI ( p = 0.813) or ethnicity ( p
 1.000; Table 5a ). However, ICU mortality rates were found to
ncrease significantly with the APACHE II probability ( p < 0.001;
igure 3a ) and SOFA score ( p < 0.001; Figure 3b ); no significant
ssociation with CFS was observed ( p = 0.063; Figure 3c ). Of
of 12
the disease-related factors considered (Table 5b ), ICU mortality
rates were found to be significantly higher in patients with
chronic renal failure ( p = 0.047) and differed significantly by HM
subgroup, ranging from 31% in lymphoma to 54% in leukaemia ( p
= 0.021). Chemotherapy-naïve patients had significantly higher
eJHaem, 2026
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FIGURE 3 Associations with ICU mortality. Points represent the ICU mortality rates within subgroups, as per Table 5a –d, and are plotted at the 
mean value within each subgroup; whiskers represent 95% CIs. Trend lines are from univariable binary logistic regression models on the ungrouped 
data, with each variable as a continuous covariate; the associated odds ratios and 95% CIs are tabulated in the final panel. a A broken line is plotted at y = 

x , representing the expected trajectory of the trend line if the mortality rates predicted by the APACHE II were accurate; the odds ratio is reported per 10 
percentage point (pp) increase. b The number of days from hospital admission to ICU admission; the odds ratio is reported per seven-day increase. c The 
point for a level of organ failure of 0 is plotted at a value of 0.1, for visibility. 95% CI: 95% confidence interval; APACHE, Acute Physiology and Chronic 
Health Evaluation; ICU, intensive care unit; pp, percentage point; SOFA, sequential organ failure assessment. 
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ortality than chemotherapy recipients (78% vs. 42%, p = 0.044).
ince CGT-related adverse events were only applicable to patients
ith a history of CGT, these variables were combined for analysis,
hich found ICU mortality rates to differ significantly across
he five categories ( p = 0.0001). Specifically, ICU mortality rates
ere lowest in patients undergoing either SCT or CAR-T therapy
ithout adverse events (26% and 10% respectively), and highest in
atients with GvHD after SCT (70%). 

nalysis of ICU-related variables found significantly higher ICU
ortality rates in patients with a longer time to ICU admission

 p = 0.048; Table 5c ; Figure 3d ). ICU mortality rates also
iffered significantly by reason for ICU admission ( p = 0.040),
anging from 25% in those experiencing HM-related treatment
omplications, to 56% following respiratory failure. Treatment
imitations within 24 h of ICU admission were associated with
ignificantly higher ICU mortality rates (88% vs. 37%, p < 0.001).
CU mortality rates increased significantly with the level of
rgan failure ( p < 0.001; Figure 3e ), with analyses of individual
rgans finding renal ( p < 0.001), respiratory ( p < 0.001) and
ardiovascular ( p = 0.020) failure to be most strongly associated
Table 5d ). 
JHaem, 2026
4 Discussion 

This SE provides valuable insights into the characteristics and
hospital outcomes of HM patients admitted to our ICU. As
the first such evaluation locally, the results will inform future
local practice and resource management and may encourage
future national research initiatives, given the scarcity of UK-based
studies. 

Our ICU (44.0%) and in-hospital (53.0%) mortality rates were
higher than the 29.4%–33.0% ICU and 45.7%–48.7% hospital
mortality reported in other UK studies, and the 39.3% in-hospital
mortality reported in the largest to-date relevant observational
study [ 13, 14, 23 ]. This may reflect differences in patient popula-
tions, with our cohort showing higher admission illness severity,
greater levels of organ failure, and longer ICU LOS than in
comparable studies. It may also be explained by differences in
inclusion criteria. Lower mortality studies may have included
those admitted ‘with’, rather than ‘because of’ HM; for example,
those in remission or unrelated presentations [ 23, 25 ]. In our
SE, 22.2% of admissions were non-HM-related, most commonly
unrelated surgeries or traumatic injuries, which were excluded
5 of 12
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TABLE 1 Cohort characteristics at ICU admission. 

Statistic 

Age (Years) 61 (44–69) 
Male Sex 103 (61.3%) 
BMI (kg/m2 ) 26.4 ± 6.2 
Ethnicity 
White 132 (78.6%) 
Asian 23 (13.7%) 
Black 7 (4.2%) 
Mixed/Other 6 (3.6%) 
Clinical Frailty Scale 
1) Very Fit 1 (0.6%) 
2) Well 31 (18.5%) 
3) Managing Well 91 (54.2%) 
4) Vulnerable 22 (13.1%) 
5) Mildly Frail 17 (10.1%) 
6) Moderately Frail 3 (1.8%) 
7) Severely Frail 3 (1.8%) 
APACHE II Score 24 ± 6 
APACHE II Probability (%) 47 ± 21 
SOFA Score 7 ± 3 
Past medical history 
Diabetes Mellitus 
No 147 (87.5%) 
Type 2 15 (8.9%) 
Type 1 6 (3.6%) 
Chronic renal failure 
No 154 (91.7%) 
Yes—No Dialysis 10 (6.0%) 
Yes—Dialysis 4 (2.4%) 
Chronic respiratory disease 11 (6.5%) 
Chronic liver disease 2 (1.2%) 
Severe cardiovascular disease 2 (1.2%) 

Note: Data are reported as mean ± standard deviation, median (interquartile 
range) or N (%), as applicable, and are based on N = 168, unless stated 
otherwise. 
Abbreviations: APACHE, Acute Physiology and Chronic Health Evaluation; 
BMI, Body Mass Index; SOFA, Sequential Organ Failure Assessment. 
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TABLE 2 Details of haematological malignancy. 

Statistic 

Haematological malignancy 
Acute myeloid leukaemia 53 (31.5%) 
Acute lymphoblastic leukaemia 15 (8.9%) 
Chronic lymphocytic leukaemia 7 (4.2%) 
Chronic myelogenous leukaemia 6 (3.6%) 
Non-Hodgkin’s lymphoma 58 (34.5%) 
Hodgkin’s lymphoma 6 (3.6%) 
Multiple myeloma 23 (13.7%) 
Disease status at ICU admission 
Partial remission 37 (22.0%) 
Relapse 82 (48.8%) 
New 49 (29.2%) 
Current/Previous metastatic disease 24 (14.3%) 
Current/Previous chemotherapy 159 (94.6%) 
Current/Previous radiotherapy 8 (4.8%) 
Prior steroid treatment 11 (6.5%) 
History of stem cell transplant 
No 116 (69.0%) 
Allograft 36 (21.4%) 
Autograft 16 (9.5%) 
Graft vs. Host Disease [ N = 52]a 21 (40.4%) 
History of CAR-T therapy 29 (17.3%) 
CAR-T-related adverse event 19 (65.5%) 

Note: Data are reported as mean ± standard deviation, median (interquartile 
range) or N (%), as applicable, and are based on N = 168, unless stated 
otherwise. 
Abbreviations: CAR-T, Chimeric Antigen Receptor T-cell; ICU, intensive care 
unit. 
a Patients with a history of SCT or CAR-T therapy (as applicable) with a related 
adverse event as the cause of the ICU admission, or where this developed 
during the ICU stay. 
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rom analysis (see Figure 1 ). A post hoc analysis showed a 12.5%
6/48) ICU mortality rate in non-HM-related ICU admissions,
hich was significantly lower than the 44.0% in those with HM-
elated admissions ( p < 0.001); pooling these two cohorts resulted
n an ICU mortality rate of 37.0% (80/216), which is consistent
ith existing literature. 

n average time to ICU admission of 10 days was seen, which
ould suggest a conservative local ICU admission policy, although
everal other explanations are plausible. A period of 10 days on
of 12
the ward prior to ICU admission may also be characteristic of
HM disease, where individuals were inpatients for ward-based
treatment prior to deteriorating and needing ICU admission, or
where early admission to the ICU was not clinically required
or appropriate in the context of disease trajectory. We also saw
a high ICU mortality rate (88%) in patients where treatment
limitations were set within 24 h of ICU admission. This would
be expected, but also suggests there was an appreciation of a
likely poor outcome given the timing of the decision, and could
raise ethical debate as to whether exposing these patients to
burdensome treatment in the ICU is beneficial for their QoL. 

APACHE II, SOFA scores, chronic renal failure, HM-subgroup,
chemotherapy-naïveté, time to ICU admission, SCT with GvHD,
treatment limitations within 24 h of ICU admission, admission
due to respiratory failure, degree of organ failure, requirement for
vasoactive medication, advanced respiratory support and acute
renal failure were found to be associated with increased ICU
eJHaem, 2026
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TABLE 3 Details of ICU admission. 

Statistic 

Hospital admission to ICU 

admission (days) 
10 (2–17 ) 

Primary reason for ICU 

admission 
Respiratory failure 61 (36.3%) 
Sepsis/Septic shock 44 (26.2%) 
< 24 H Post-CGT 16 (9.5%) 
Neurological disorder 15 (8.9%) 
Medical—Other 7 (4.2%) 
Surgical procedure 7 (4.2%) 
Cardiovascular failure 6 (3.6%) 
Renal failure 5 (3.0%) 
Tumour lysis syndrome 3 (1.8%) 
Intestinal failure 2 (1.2%) 
Dermatological condition 1 (0.6%) 
Liver failure 1 (0.6%) 
Acute steroids during ICU 

admission 
93 (55.4%) 

Neutropenia during ICU 

admission 
89 (53.0%) 

Treatment limitationsa 24 (14.3%) 
Respiratory failure 
No 54 (32.1%) 
High flow nasal oxygen 34 (20.2%) 
Non-invasive ventilation 8 (4.8%) 
Mechanical ventilation 72 (42.9%) 
Cardiovascular failure 113 (67.3%) 
Gastrointestinal failure 11 (6.5%) 
Liver failure 18 (10.7%) 
Neurological failure 6 (3.6%) 
Renal failure 54 (32.1%) 
Level of organ failureb 

0 18 (10.7%) 
1 51 (30.4%) 
2 47 (28.0%) 
3 39 (23.2%) 
4 11 (6.5%) 
5 2 (1.2%) 

Note: Data are reported as mean ± standard deviation, median (interquartile 
range) or N (%), as applicable, and are based on N = 168, unless stated 
otherwise. 
Abbreviations: ICU, intensive care unit. 
a At or within 24 h of ICU admission. 
b The number of organs that failed during the ICU admission, considering a 
total of six: respiratory, cardiovascular, gastrointestinal, liver, neurological or 
renal. 

TABLE 4 Patient outcomes. 

Statistic 

ICU-acquired infection 55 (32.7%) 
In-hospital mortality 
No 79 (47.0%) 
In ICU 74 (44.0%) 
Post-ICU dischargea 15 (8.9%) 
ICU LOS (days) [ N = 94]b 6 (3–10) 
MMS at ICU discharge [ N = 94]b 

1 (Bed-based exercises) 25 (26.6%) 
2 (Sit on edge of bed) 5 (5.3%) 
3 (Hoisted to chair) 3 (3.2%) 
4 (Standing practice) 11 (11.7%) 
5 (Step-transfer to chair) 34 (36.2%) 
6 (Mobilise < 30m) 12 (12.8%) 
7 (Mobilise > 30m) 4 (4.3%) 
Total hospital LOS (Days) [ N = 79]c 30 (19–51) 
MMS at hospital discharge [ N = 79]c 

1 (Bed-based exercises) 0 (0.0%) 
2 (Sit on edge of bed) 1 (1.3%) 
3 (Hoisted to chair) 2 (2.5%) 
4 (Standing practice) 1 (1.3%) 
5 (Step-transfer to chair) 0 (0.0%) 
6 (Mobilise < 30 m) 25 (31.6%) 
7 (Mobilise > 30 m) 50 (63.3%) 
Discharge destination [ N = 79]c 

Home (no rehabilitation) 51 (64.6%) 
Home with rehabilitation 16 (20.3%) 
Inpatient rehabilitation 4 (5.1%) 
Care Home/Hospice 6 (7.6%) 
Hospital transfer 2 (2.5%) 

Note: Data are reported as mean ± standard deviation, median (interquartile 
range) or N (%), as applicable, and are based on N = 168, unless stated 
otherwise. 
Abbreviations: ICU, intensive care unit; LOS, length of stay; MMS, Manchester 
Mobility Score. 
a Death in hospital after ICU discharge. 
b In patients surviving to ICU discharge. 
c In patients surviving to hospital discharge. 
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mortality. This aligns with previous literature demonstrating
increased risk of mortality with vasopressor and MV requirement,
but adds further inconsistency regarding illness severity scores,
ICU admission timing, SCT, age, pre-morbid frailty and remission
status [ 22 ]. It is important to note the chemotherapy-naïve group
( n = 9) likely represents those with newly diagnosed aggressive
diseases or those too unwell to undertake chemotherapy. 

For the overall cohort, the ICU mortality rate in patients with
a history of SCT was 43%, which was lower than that of some
7 of 12
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TABLE 5A Associations between patient characteristics and ICU 

mortality. 

ICU 

mortality rate p -Value 

Age (years)a 0.241a 

< 45 40% (17/43) 
45–59 43% (15/35) 
60–69 50% (25/50) 
≥ 70 43% (17/40) 
Sex 0.429 
Female 40% (26/65) 
Male 47% (48/103) 
BMI (kg/m2 )a 0.813a 

< 25 46% (36/79) 
25–29.9 45% (25/56) 
30–34.9 50% (7/14) 
≥ 35 32% (6/19) 
Ethnicity 1.000 
White 44% (58/132) 
Non-White 44% (16/36) 
Clinical Frailty Scalea 0.063a 

1–2 41% (13/32) 
3 37% (34/91) 
4 68% (15/22) 
5–7 52% (12/23) 
APACHE II Probability (%)a b < 0.001* a 

< 30% 24% (9/37) 
30%–44% 30% (13/44) 
45%–59% 51% (22/43) 
≥ 60% 68% (30/44) 
SOFA Scorea < 0.001* a 

0–4 19% (7/37) 
5–7 36% (20/55) 
8–9 54% (19/35) 
≥ 10 68% (28/41) 

Note: All variables were assessed at the time of ICU admission. Data are 
reported as the ICU mortality rate within each subgroup, with p -values from 

Fisher’s exact tests, unless stated otherwise. Bold p -values are significant at 
p < 0.05. 
Abbreviations: APACHE, Acute Physiology and Chronic Health Evaluation; 
BMI, Body Mass Index; ICU, intensive care unit, SOFA, Sequential Organ 
Failure Assessment. 
a Ordinal/continuous variables were grouped into categories within which the 
ICU mortality rates are reported; p -values are from Mann–Whitney U tests on 
the ungrouped data (e.g., comparing the average age between patients that did 
vs. did not die in ICU). 
b The APACHE II can be summarised based on a raw score or predicted 
probability; since these are highly correlated (Spearman’s rho: 0.9), only the 
latter was considered, to prevent duplication. 
*Remains significant after adjustment for multiple comparisons using the 
Benjamini–Hochberg procedure (for N = 32 tests and a false discovery rate of 
0.05). 

TABLE 5B Associations between past medical 
history/haematological malignancy and ICU mortality. 

ICU 

mortality rate p -Value 

Diabetes mellitus 0.484 
No 43% (63/147) 
Type 1 or 2 52% (11/21) 
Chronic renal failure 0.047 
No 42% (64/154) 
Yes ( ± Dialysis) 71% (10/14) 
Chronic respiratory 
disease 

0.539 

No 43% (68/157) 
Yes 55% (6/11) 
Chronic liver disease 1.000 
No 44% (73/166) 
Yes 50% (1/2) 
Severe 
cardiovascular 
disease 

1.000 

No 44% (73/166) 
Yes 50% (1/2) 
Haematological 
malignancy 

0.021 

Leukaemia 54% (44/81) 
Lymphoma 31% (20/64) 
Multiple myeloma 43% (10/23) 
Disease status 0.097 
Partial remission 38% (14/37) 
Relapse 39% (32/82) 
New 57% (28/49) 
Current/Previous 
metastatic disease 

0.828 

No 44% (64/144) 
Yes 42% (10/24) 
Current/Previous 
chemotherapy 

0.044 

No 78% (7/9) 
Yes 42% (67/159) 
Current/Previous 
radiotherapy 

0.079 

No 46% (73/160) 
Yes 13% (1/8) 
Prior steroid 
treatment 

0.539 

No 43% (68/157) 
Yes 55% (6/11) 

(Continues) 
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TABLE 5B (Continued) 

ICU 

mortality rate p -Value 

History of 
CGT/Adverse 
eventsa 
No 
SCT—No adverse 
event 
CAR-T—No adverse 
event 
SCT—With GvHD 

CAR-T—With 
adverse event 

51% (45/88) 
26% (8/31) 
10% (1/10) 
70% (14/20) 
32% (6/19) 

0.001* 

Note: Data are reported as the ICU mortality rate within each subgroup, with 
p -values from Fisher’s exact tests. Bold p -values are significant at p < 0.05. 
Abbreviations: CAR-T, Chimeric Antigen Receptor T-cell; CGT, cellular and 
gene therapy; GvHD, Graft versus host disease; ICU, intensive care unit; SCT, 
stem cell transplant. 
a History of SCT and CAR-T, and occurrence of the associated adverse events 
were combined into a composite variable for analysis; one patient with a 
history of both SCT and CAR-T was included the CAR-T subgroup for analysis, 
due to presenting with a CAR-T-related adverse event. 
*Remains significant after adjustment for multiple comparisons using the 
Benjamini–Hochberg procedure (for N = 32 tests and a false discovery rate of 
0.05). 
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TABLE 5C Associations between ICU-related variables and ICU 

mortality. 

ICU 

mortality rate p -Value 

Hospital Admission to ICU 

Admission (Days)a 
0.048a 

0–1 39% (14/36) 
2–7 41% (14/34) 
8–14 39% (16/41) 
> 14 53% (30/57) 
Reason for ICU admission 0.040 
Respiratory failure 56% (34/61) 
Sepsis/Septic shock 30% (13/44) 
Complications of treatment 25% (4/16) 
Neurological disorder 47% (7/15) 
Others 50% (16/32) 
Acute steroids during ICU 

admission 
0.354 

No 40% (30/75) 
Yes 47% (44/93) 
Neutropenia during ICU 

admission 
0.535 

No 47% (37/79) 
Yes 42% (37/89) 
Treatment limitationsb < 0.001* 

No 37% (53/144) 
Yes 88% (21/24) 
ICU-acquired infection 0.247 
No 41% (46/113) 
Yes 51% (28/55) 

Note: Data are reported as the ICU mortality rate within each subgroup, with 
p -values from Fisher’s exact tests, unless stated otherwise. Bold p -values are 
significant at p < 0.05. 
Abbreviations: ICU, intensive care unit. 
a Ordinal/continuous variables were grouped into categories within which the 
ICU mortality rates are reported; p -values are from Mann–Whitney U tests on 
the ungrouped data (e.g., comparing the time from hospital admission to ICU 

admission between patients that did vs. did not die in ICU). 
b At or within 24 h of ICU admission. 
*Remains significant after adjustment for multiple comparisons using the 
Benjamini–Hochberg procedure (for N = 32 tests and a false discovery rate of 
0.05). 
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revious studies [ 23 ], although there is considerable variability in
he literature [ 25 ]. However, dividing the analysis by the presence
f adverse events found patients who did not develop GvHD
ost-SCT had a lower ICU mortality rate than those that were
GT-naïve (26% vs. 51%), whilst those developing GvHD had a
onsiderably higher ICU mortality rate (70%). This may suggest
hat, whilst complication-free SCT is protective, the development
f GvHD is associated with a considerably higher likelihood
f ICU mortality. Consequently, the between-study variability
n associations between SCT and ICU mortality may, in part,
esult from differences in rates of GvHD between studies. Further
esearch in this area would be warranted to assess this hypothesis.

ur findings provide valuable insights for local practice. For
xample, the associations between admission APACHE II and
OFA scores and ICU mortality could be useful in facilitat-
ng early communication of expectations, allowing patients to
ngage in informed decisions regarding their care. Whilst these
indings may support clinician decision-making, until accurate
nd validated predictive models are created for HM patients,
ecision-making should rely on regular re-appraisal and clinician
xpertise [ 39 ]. It is plausible that there is opportunity to improve
atient outcomes following this SE. For instance, if future, robust
tudies could confirm the observed association between longer
imes to ICU admission and mortality, this would suggest that
hanges to processes leading to earlier ICU admission (e.g., more
roactive admission policies or detailed review of the initial
ard-based management in those patients who ultimately require
CU-admission), may identify opportunities to improve patient
are. 
JHaem, 2026

a

Several mobility- and rehabilitation-related outcomes were also
assessed. At ICU discharge, 31.9% of survivors were unable to
mobilise out of bed (MMS ≤ 2), yet 94.9% of patients surviving
to hospital discharge could actively mobilise (MMS ≥ 6). Patients
may leave the ICU immobile because of ongoing medical issues
(e.g., receiving vasoactive medication up to discharge) or due
to sub-optimal physiotherapy input (limited resources, absent
weekend rehabilitation services or being de-prioritised based on
risk [ 40 ]). In addition, patients experienced a relatively short ICU
LOS (median: 6 days) compared to their overall hospital LOS (30
9 of 12
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TABLE 5D Associations between organ failure in ICU and ICU 

mortality. 

ICU 

mortality rate p -Value 

Level of organ failurea b < 0.001* a 

0 6% (1/18) 
1 20% (10/51) 
2 55% (26/47) 
> 2 71% (37/52) 
Respiratory failure < 0.001* 

No 7% (4/54) 
HFNO/NIV 52% (22/42) 
MV 67% (48/72) 
Cardiovascular failure 0.020 
No 31% (17/55) 
Yes 50% (57/113) 
Gastrointestinal failure 0.350 
No 45% (71/157) 
Yes 27% (3/11) 
Liver failure 0.138 
No 42% (63/150) 
Yes 61% (11/18) 
Neurological failure 1.000 
No 44% (71/162) 
Yes 50% (3/6) 
Renal failure < 0.001* 

No 33% (38/114) 
Yes 67% (36/54) 

Note: Data are reported as the ICU mortality rate within each subgroup, with 
p -values from Fisher’s exact tests, unless stated otherwise. Bold p -values are 
significant at p < 0.05. 
Abbreviations: HFNO, High Flow Nasal Oxygen; ICU, intensive care unit; MV, 
mechanical ventilation; NIV, non-invasive ventilation. 
a Ordinal/continuous variables were grouped into categories within which the 
ICU mortality rates are reported; p -values are from Mann–Whitney U tests on 
the ungrouped data (e.g., comparing the level of organ failure between patients 
that did vs. did not die in ICU). 
b The number of organs that failed during the ICU admission, considering a 
total of six: respiratory, cardiovascular, gastrointestinal, liver, neurological or 
renal. 
*Remains significant after adjustment for multiple comparisons using the 
Benjamini–Hochberg procedure (for N = 32 tests and a false discovery rate of 
0.05). 
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ays). Prolonged HM- or critical illness-related treatment may
xplain the ward LOS and mobility status, and it is probable that
he improvements in MMS scores from ICU to hospital discharge
re driven predominantly by recovery from acute illness, with
atients regaining mobility once health improved. Prolonged
ard LOS may be a consequence of the time taken to rehabilitate
hysical disability. However, detailed data relating to physiother-
py intervention, including dosing, timing and intensity which
ould be required to assess this were not collected as part of
0 of 12
this SE. Consequently, this remains an area that warrants further
investigation in a future study. 

Of patients surviving to hospital discharge, 25.3% required ongo-
ing rehabilitation, suggesting persisting disability [ 2 ], with the
estimated 12-month post-hospital discharge survival being 72%.
Patients with poorer performance status are less likely to be
offered further adjunctive treatment such as chemo/radiotherapy
or to be re-admitted to the ICU [ 20, 23 ]. Whether enhanced
physiotherapy can elicit improved functional outcomes is an
important avenue for future research, as this may directly lead
to improved hospital outcomes, health-related QoL and life
expectancy through the continued access to adjunctive life-
sustaining therapy [ 28 ]. 

It is important to understand the degree to which physiother-
apy input modifies functional outcome. There is a complex
interaction between natural recovery, clinical factors limiting
rehabilitation progress, and the changes induced by physiother-
apy treatment in this HM population. Case-note review and
prospective studies may help to unravel this, which would then
support the optimal allocation of stretched therapy resources
to those most likely to benefit, at the most beneficial time. It
may also identify whether functional outcomes are indepen-
dently associated with overall hospital outcomes, which was not
explored in this SE. Future iterations of this work should seek
to identify the patients most likely to benefit from input, as
well as identifying the optimum time for physical rehabilitation
interventions, guiding the creation of ethical resource allocation
frameworks. 

4.1 Strengths and Limitations 

This SE had several strengths, chief amongst which is the fact that
it represents the first time that outcomes of HM patients admitted
to one of the UK’s largest ICUs have been comprehensively
described. The SE also included complete datasets for all patients
for a wide range of relevant factors and outcomes. However,
there are also some limitations that need to be considered
when interpreting the results. Primarily, this was a single-centre
SE, meaning that results may not be generalisable to other
centres. This is particularly pertinent given the size, speciality
and individualised ICU admission policy of our centre, which
may not be reflective of other centres. Second, the SE design
also precluded performing multivariable or adjusted analyses;
hence, findings may be subject to confounding, further limiting
generalisability. Third, whilst the sample size was comparable
to other studies in the literature, it was still relatively modest.
As such, the analyses assessing associations with ICU mortality
only had moderate statistical power, meaning that only relatively
large effect sizes were detectable, and increasing the risk of
false negatives. Fourth, since over 30 factors were considered
when analysing associations with ICU mortality rates, it is
possible that some statistically significant findings may represent
false positives, particularly those that did not remain signifi-
cant at the Benjamini–Hochberg-adjusted significance thresh-
old (as indicated in the tables). Finally, whilst mobility and
physical function was an interest of the SE, comprehensive
analysis of physiotherapy input throughout admission was not
collected. 
eJHaem, 2026

tive C
om

m
ons L

icense



5

T  

p  

S  

i  

c  

t  

a  

o  

i  

i  

p  

t

A

A  

g  

s  

w  

a  

c

F

T

E

T  

a

C

T

C

T

D

T  

o  

a

R

 

S  

(

2
C  

C

3  

t  

U  

2

4  

B  

O  

2

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

e

 26886146, 2026, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/jha2.70453 by N

IC
E

, N
ational Institute for H

ealth and C
are E

xcellence, W
iley O

nline L
ibrary on [07/11/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
rea
 Conclusion 

his SE comprehensively describes the characteristics and hos-
ital outcomes of patients admitted to our ICU because of HM.
everal factors associated with ICU mortality were identified,
ncluding APACHE II and SOFA scores, as well as acute renal,
ardiovascular and respiratory failure. Understanding these fac-
ors may enhance local understanding to guide future practice
nd potentially lead to improvements in patient care. Physical
utcomes and physiotherapy interventions should be analysed
n detail to identify whether functional outcomes are modifiable
n critically ill HM patients and whether optimised input is
ossible. Further multi-centre prospective studies are warranted,
o validate the findings of this SE. 
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