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Hematologic Objective: Our objectives were to describe the use of thromboprophylaxis and the incidence
malignancy; of VTE/bleeding in critically ill patients with hematologic malignancies (HM).

Intensive care unit; Design: Retrospective cohort study (2014-2022).

DVT; Setting: Medic-Surgical Intensive Care Unit (ICU) in a tertiary care academic center.
Pulmonary embolism; Patients: Adult patients admitted to ICU with a concomitant diagnosis of a hematological
VTE; malignancy.

Thrombosis Interventions: None.

Main variables of interest: We analyzed demographic data, use of thromboprophylaxis and
secondary outcomes that included incidence of VTE (venous thromboembolism), bleeding, mor-
tality, severity scores and organ support. We applied a multivariable logistic regression model
to examine the risk of thrombosis in the ICU.
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SCD, sequential compression devices; UFH, unfractionated heparin; VTE, venous thromboembolism.
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Introduction

Venous thromboembolism (VTE) is a frequent, preventable,

Results: We included 862 ICU admissions (813 unique patients). Thromboprophylaxis was given
during 65% of admissions (LMWH 14%, UFH 8%, and SCDs 43%); in 21% it was contraindicated
due to thrombocytopenia; 14% of cases lacked documentation on prophylaxis. There were 38
unique incident cases of VTE (27 DVT, 11 PE), constituting 4.4% of ICU episodes. Most of VTE cases
happened in patients with various degrees of thrombocytopenia. In the multivariable analysis,
SOFA score on the first ICU day was independently associated (OR 0.85, 95% Cl 0.76—0.96) with
the risk of VTE. Bleeding occurred in 7.2% (minor) and 14.4% (major) of episodes; most frequent
sites being CNS, abdomen/Gl and pulmonary.

Conclusions: In this cohort of critically ill patients with HM, there was considerable variability
in the utilization of DVT prophylaxis, with predominant use of SCDs. The incidence of VTE was
4.4% and major bleeding 14%.

Clinical Trial Registration: NCT05396157. Venous Thromboembolism in Hematologic Malig-
nancy and Hematopoietic Cell Transplant Patients: a Retrospective Study (https://clinicaltrials.
gov/).

© 2024 The Author(s). Published by Elsevier Espana, S.L.U. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Incidencia de enfermedad tromboembdlica venosa y riesgo de hemorragia en
pacientes criticos con neoplasias hematolégicas: un estudio retrospectivo

Resumen

Objetivo: Describir el uso de tromboprofilaxis y la incidencia de enfermedad tromboembolica
y/o sangrado en pacientes criticos con enfermedad oncohematologica.

Disefio: Estudio retrospectivo de cohorte (2014-2022).

Ambito: Unidad cuidados intensivos medico-quir(rgica de un hospital terciario académico en
Toronto, Canada.

Pacientes: Adultos con diagnostico de enfermedad oncohematologica ingresados en la UCI.
Intervenciones: Ninguna.

Variables de interés principales: Se analizaron los datos demograficos, el tipo de tromboprofi-
laxis utilizada y el riesgo de sangrado junto con los factores relacionados con éstos. Se aplico
un analisis de regresion logistica multivariante para evaluar factores de riesgo para trombosis
en la UCI.

Resultados: Se incluyeron 862 episodios de ingreso en la UCI (813 pacientes Unicos). Se utilizd
tromboprofilaxis en el 65% de los casos (heparina de bajo peso molecular 14%, heparina no
fraccionada 8% y medios mecanicos 43%); en el 21% estuvo contraindicado por trombocitopenia
y en el 14% de los casos no habia documentacion sobre profilaxis. Hubo 38 casos incidentes
de enfermedad trombo embolica venosa o ETEV (27 trombosis venosa profunda, 11 embolismo
pulmonar), lo que constituye el 4,4% de los episodios en la UCI. La mayoria de los casos de
ETEV ocurrieron en pacientes con diversos grados de trombocitopenia. La puntuacion SOFA en
el primer dia de UCI se relacioné de forma independiente en el analisis multivariable (OR 0.85,
95% C1 0.76—0.96) con el riesgo de ETEV. Se registro sangrado en el 7,2% (menor) y en el 14,4%
(mayor) de los episodios; los sitios mas frecuentes fueron el SNC, abdomen/Gl y pulmonar.
Conclusiones: En esta cohorte de pacientes criticos con enfermedad oncohematoldgica, hubo
una variabilidad considerable en la utilizacion de la profilaxis de la TVP, con un uso predominante
de métodos mecanicos. La incidencia de ETEV fue del 4,4% y la de hemorragia mayor del 14%.
© 2024 El Autor(s). Publicado por Elsevier Espaiia, S.L.U. Este es un articulo Open Access bajo
la licencia CC BY-NC-ND (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Many patients with hematologic malignancy require
admission to the Intensive Care Unit (ICU). Ferreyro et al.
observed a 13.9% 1-year incidence of ICU admission for
this population, with a median time from diagnosis to ICU

and potentially fatal complication in critically ill patients."=3
The presence of active cancer, such as hematologic malig-
nancy (HM), further increases thromboembolic risk.*>
Patients with HM are at risk for both thrombosis and bleed-
ing, which may be further increased in the setting of critical
illness.*®

e2

admission of 35 days.” In addition, Carini et al. recently
highlighted a higher incidence of venous thromboembolism
in critically ill patients with hematologic malignancy com-
pared with those not requiring an ICU admission (3.7% vs
1.2% respectively).® Clinical Practice Guidelines recommend
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pharmacological VTE prophylaxis in critically ill patients
except in cases of high bleeding risk, when they recom-
mend mechanical prophylaxis.®~"* Severe thrombocytopenia
(platelets <50 x 10°/L) is a frequent complication both in
patients with HM and in critically ill patients, and is asso-
ciated with worse outcomes and complications (i.e., higher
bleeding risk).'*'® Regarding mechanical prophylaxis, it is
not recommended as monotherapy except when pharmaco-
logical methods are contraindicated (grade 2A).° Regarding
bleeding, the same study by Carini et al. reported that 3.8%
of included patients had at least one episode of major bleed-
ing in the cohort, with a higher incidence in ICU patients
compared to non-ICU hospitalized controls (7.6% vs 2.4%,
OR 3.33; 95% Cl 3.09-3.58).2 The balance between prevent-
ing VTE and minimizing bleeding complications underscores
the complexity of managing thromboprophylaxis in critically
ill patients with HM.

Given the increasing number of patients with hema-
tologic malignancy who develop critical illness, it is
imperative to understand the incidence and risk factors for
venous thromboembolism, as well as the efficacy and risks
associated with both chemical and mechanical thrombopro-
phylaxis. Our objectives are to describe the: 1) use, type
(mechanical or pharmacological) and timing of thrombopro-
phylaxis; 2) incidence of catheter and non-catheter related
VTE (deep venous thrombosis and pulmonary embolism)
according to type of thromboprophylaxis (pharmacologi-
cal or mechanical); and 3) incidence of bleeding episodes
according to type of thromboprophylaxis (pharmacological
or mechanical). We also described outcomes related to crit-
ical illness including ICU/hospital mortality.

Study design and methods

The study was approved by the Research Ethics Boards
at Mount Sinai Hospital (MSH) (#21-0109-C) and the Uni-
versity Health Network (#21-5476), who waived the need
for consent. The study is registered with ClinicalTrials.gov
(NCT05396157).

We conducted a single-center retrospective cohort study
of adult patients (>18 years) with a diagnosis of HM admitted
to the ICU at MSH between January 1st, 2014, and January
31st, 2022. MSH is a tertiary care center which provides crit-
ical care services to Princess Margaret Cancer Center, the
largest cancer center in Canada. There were no exclusion
criteria. Each patient’s relevant data was retrieved from the
Electronic Health Record (EHR). Each ICU admission between
hospital admission and discharge was included as a separate
episode. Patients were followed until hospital discharge or
death, whichever occurred first.

We report study findings in accordance with the STrength-
ening the Reporting of OBservational studies in Epidemiology
(STROBE) checklist (eTable 1)."”

Classification of hematologic malighancy

The type of HM was classified into categories: acute lym-
phoblastic leukemia (ALL), acute myeloid leukemia (AML),
acute promyelocytic leukemia (APML), chronic lymphocytic
leukemia (CLL), Hodgkin lymphoma and non-Hodgkin lym-

phoma, multiple myeloma, myelodysplastic syndrome, and
others, following previously published studies.”8

Outcomes and variables

From the EHR we obtained baseline characteristics includ-
ing age, sex, previous VTE, comorbidities and type of
HM. We recorded the lowest platelet value during the
timeframe between ICU admission and ICU discharge.
We defined categories of thrombocytopenia: moderate
(50—99 x 10°/L); severe (<50 x 10°/L) and critical thrombo-
cytopenia (<20 x 10%/L).">"® We calculated relevant severity
scores (i.e., APACHE-II and SOFA) and recorded ECOG scores
when available (eTable 2)."%%°

VTE prophylaxis

The primary outcome was frequency of use, type (mechan-
ical or pharmacological) and timing of thromboprophylaxis.
At our institutions, pharmacological thromboprophylaxis is
started as soon as possible for all inpatients, particularly
patients admitted to the ICU, except for those with absolute
contraindications including platelet counts<50 x 10°/L,
where mechanical methods are recommended.

We recorded the type of DVT prophylaxis during ICU
admission and defined the following categories: pharma-
cological prophylaxis (either LMWH or UFH), mechanical
(SCDs), and no prophylaxis, with an explicit contraindication
documented in the EHR. If it was not possible to estab-
lish which type of prophylaxis the patient was receiving, or
the reason prophylaxis was withheld, they were classified as
‘‘not stated’’.

Thrombosis, bleeding and ICU related outcomes
Secondary outcomes included the incidence of VTE dur-
ing ICU admission (up to hospital discharge) and bleeding.
We detected cases of DVT/VTE from the notes or from
imaging results available in the EHR.?' The diagnostic cri-
teria for DVT following published guidelines included the
objective evidence of an intravascular clot, which could
be visualized through duplex ultrasound imaging, contrast
computed tomography (CT) venography, or contrast venog-
raphy. Catheter-associated thrombosis was characterized as
thrombosis occurring in the vein(s) where the catheter was
positioned or in a nearby vein. Pulmonary embolism diag-
nosis was confirmed either by pulmonary angiography or
contrast CT.%!

We recorded all bleeding episodes and classified them
according to the proposed International Society on Throm-
bosis and Haemostasis (ISTH) subtypes of minor or major
bleeding.?? Major bleeding includes fatal bleeding, symp-
tomatic bleeding in a critical area or organ, and bleeding
resulting in a drop in hemoglobin level of >20g/L or leading
to transfusion of >2 units of red blood cells.

Finally, we recorded variables independently associated
with DVT or PE (i.e., history of VTE, type of HM, BMI, etc.).,
together with relevant ICU outcomes including frequency
and type of mechanical ventilation, vasopressor require-
ment, use of dialysis, and ICU and hospital mortality.?
We completed follow-up until hospital discharge, death, or
transfer to another facility, whichever occurred first. We
fitted a logistic regression model with the occurrence of
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thrombosis (DVT or PE) as the response variable, and various
patient demographic and clinical characteristics as explana-
tory variables to describe potential risk factors for VTE.

Statistical analysis

We summarized baseline characteristics using median and
interquartile range [IQR] for numeric variables, while for
categorical variables we reported the percentage and
associated raw counts. The incidence of VTE and major
bleeding were described using proportions. Furthermore, we
described the incidence of VTE related to platelet count and
to the type of VTE prophylaxis the patient received in the
ICU.

We provide numerical summaries of the main variables
for all data, stratified by prophylaxis type and platelet
count. Missing data was removed from calculations when-
ever information was unavailable. For numeric variables,
we employed the Kruskal-Wallis non-parametric one-way
ANOVA test, and for categorical variables, we employed the
Pearson chi-square test of independence (with simulated
exact critical values in cases of low cell counts).

We examined the simultaneous influence of multiple
variables on the risk of thrombosis in the ICU. We fitted
a logistic regression model with the occurrence of throm-
bosis (DVT or PE) as the response variable, and various
patient demographic and clinical characteristics as explana-
tory variables. To identify a parsimonious model with good
predictive behavior, we performed stepwise variable selec-
tion by optimizing Akaike’s Information Criterion (AIC).?* We
included sex, age, BMI, and ICU length of stay as control
variables, and 21 additional variables (eTable 3) that are
described in the literature as risk factors for VTE to include
in the model.? Records with missing values over the consid-
ered variables were omitted, resulting in 754 complete data
points for the control variables and the 21 potential pre-
dictor variables. The estimated coefficients of the selected
model were transformed to equivalent Odds Ratios and plot-
ted together with their associated confidence intervals and
p-values.

All analyses were performed using the R Statistical Soft-
ware version 4.3.1 (R Core Team 2023).%¢

Results

Baseline characteristics

Between January 1st, 2014, and January 31st, 2022, there
were 7804 admissions in the ICU (see eFigure 1). Filtering
based on admission diagnosis and premorbid conditions we
identified 1022 ICU admissions of patients with concomitant
hematologic malignancies (HMs), totaling 862 unique hospi-
tal admissions among 813 unique patients meeting inclusion
criteria (see eFigure 2).

The median age was 61.5 years (IQR 50-69), with 58.8%
males and a median BMI of 26 (IQR 24-30) (Table 1). The
most frequent HMs were AML, ALL and lymphoma. About half
of cases were diagnosed within a year prior to ICU admis-
sion, with 35% receiving hematopoietic cell transplantation
(HCT) before ICU admission (81% within the preceding year).
Thrombosis risk factors prevalence was 12.3% for a history

of smoking, 10% for a history of VTE, 9.6% for concurrent
cancer diagnosis, and 22.3% for a history of surgery before
ICU admission. One third of patients had an ECOG status > 2.

Use of thromboprophylaxis

DVT prophylaxis included pharmacological strategies in
22.6% of episodes, mechanical strategies in 42.6% and in
34.9%, prophylaxis was not used or mentioned. Among
patients without documented prophylaxis, 60.8% had critical
thrombocytopenia (Table 2).

Incidence of VTE and major bleeding

During or following ICU admission, there were 38 unique inci-
dent cases of VTE (27 DVT, 11 PE), constituting 4.4% of ICU
episodes. Of the DVT cases, 15 were non-catheter related
(80% in the lower extremities) and 12 were catheter-related
(90% in the upper extremities). Notably, 29.6% and 48.1%
of DVT cases were receiving pharmacological or mechanical
prophylaxis, respectively (Table 3). Thrombosis risk factors
included prior DVT (7.5%) and previous PE (3.7%). eFigure
3 shows the incidence of DVT and PE per year. Of note,
66.7% of patients with pre-ICU DVT and 61.3% of patients
with PE had moderate thrombocytopenia at the time of ICU
admission.

We used a logistic regression model to examine the
combined effects of multiple variables on the risk of
VTE. We included patient sex, age, BMI, and ICU length
of stay as controls, and selected three additional varia-
bles that help predict the incidence of VTE (according to
Akaike’s Information Criterion; AIC).?” The resulting odds
ratios with associated confidence intervals are presented in
Fig. 1. In the multivariable analysis, the only variable that
remained significantly associated with VTE was the SOFA
score (P=.007) on the first ICU Day, which lowers the risk
of VTE by 15% per each unit of the scale, implying patients
in more severe condition were less likely to be diagnosed
with VTE. Vasopressors and plasma transfusions are the other
two selected variables, with no significant association in our
series (P=.06 and P=.078 respectively).

Bleeding occurred in 7.2% (minor) and 14.4% (major)
of episodes. Table 3 shows the incidence of VTE and
bleeding outcomes across this population by type of
DVT prophylaxis. The most frequent bleeding sites for
major bleeding were central nervous system (CNS) (44.3%),
abdomen/gastrointestinal (Gl) (29.5%), and pulmonary
(19.7%).

Thrombosis and bleeding related to
thrombocytopenia

Interestingly, 60% of non-catheter related DVT, 50% of
catheter related DVT and 45.4% of PE cases respectively,
occurred in patients with critical thrombocytopenia. The
median platelet count at DVT/PE diagnosis was 54 (IQR
22-133) (Table 4).

Regarding bleeding, 62.9% of minor bleeding cases and
43.4% of major bleeding cases occurred in patients with
critical thrombocytopenia (Table 4). 60% patients required
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Table 1 Patient characteristics at baseline and according to thromboprophylaxis disease.
All Pharmacological Mechanical None
Patient characteristics
Age, years 61.5 (19) 63 (18) 61 (18) 59 (19)
Male 58.8 (507/862) 51.5 (100/194) 61.3 (225/367) 57 (103/180)

ECOG status > 2

Non hematologic malignancy
History of VTE

BMI

ICU admission diagnoses
Septic shock

Acute respiratory failure
Congestive heart failure
Multi-organ failure
Seizures/reduced level of consciousness
Cardiac arrest

Bleeding

Other

Postoperative

Pulmonary Embolus

Cytokine Release Syndrome
HM diagnosis

Acute lymphoblastic leukemia
Acute myeloid leukemia
Acute promyelocytic leukemia
Chronic lymphocytic leukemia
Chronic myeloid leukemia
Lymphoma (Hodgkins and non-Hodgkins)
Multiple myeloma
Myelodysplastic syndrome
Other

HM diagnosis < 1 year

Stem cell transplant

Cell count

Platelets > 50

Platelets > 20 & <50

Platelets < 20

Hemoglobin <70 (g/L)

WBC <4 x 10°/L

30.1 (239/862)
9.6 (83/862)
10.0 (86/856)
26 (6)

36.6 (316/862)
30.8 (266/862)
2.6 (23/862)
8.5 (74/862)
6.2 (54/862)

40.6 (67/194)
10.3 (20/194)
21.5 (41/191)
26 (9)

33.5 (65/194)
33.5 (65/194)
3.6 (7/194)
6.2 (12/194)
6.7 (13/194)

2.3 (20/862) 2.6 (5/194)
7.3 (63/862) 2.1 (4/194)
3.1 (27/862) 5.7 (11/194)
0.7 (6/862) 2.6 (5/194)
0.3 (3/862) 1.0 (2/194)
1.1 (10/862) 2.6 (5/194)

15.1 (130/862)
48.7 (420/862)
3.5 (30/862)
0.8 (7/862)
3.0 (26/862)
14.4(124/862)
5.5% (47/862)
4.9 (42/862)
4.2 (36/862)
45.5 (341/750)
35.0 (301/860)

19.4 (167/862)
23.1 (199/862)
57.5 (496/862)
53.0 (457/862)
52.3 (451/862)

13.9 (27/194)
32.5 (63/194)
3.1% (6/194)
2.1% (4/194)
3.1% (6/194)
29.9 (58/194)
10.3 (20/194)
3.6 (7/194)

1.5 (3/194)

48.4 (76/157)
31.4 (61/194)

59 (98/167)

26.8 (52/194)
22.7(44/194)
31.4 (61/194)
29.9 (58/194)

26.5 (93/367)
8.2 (30/367)
7.6 (28/366)
26 (7)

40.9 (150/367)
28.6 (105/367)
2.7 (10/367)
9.8 (36/367)
5.5 (20/367)
1.6 (6/367)
7.9 (29/367)
1.6 (6/367)
0.2 (1/367)

0 (0/367)

1.09 (4/367)

13.1 (48/367)
54.5 (200/367)
2.7 (10/367)
0.5% (2/367)
3.5% (13/367)
13.6 (50/367)
3.5 (13/367)
4.6 (17/367)
3.8 (14/367)
44.9 (153/341)
39.6 (145/367)

15 (25/167)
19.9 (73/367)
73.3 (269/367)
60.8 (223/367)
61.3 (225/367)

25 (40/180)
11 (20/180)
6 (10/178)
26 (7)

31 (55/180)
38 (69/180)
2 (4/180)

3 (6/180)

7 (12/180)
2 (4/180)
13 (23/180)
3 (6/180)

0 (0/180)

1 (1/180)

0 (0/180)

17 (31/180)
57 (103/180)
4 (8/180)

0 (0/180)

3 (5/180)

4 (8/180)

6 (10/180)
3 (6/180)

5 (9/180)
42 (55/131)
28 (50/180)

26 (44/167)
24 (44/180)
62 (112/180)
57 (102/180)
56 (100/180)

Data are presented as median (IQR) or % (n/N) conditional on the column category.

Table 2 DVT prophylaxis according to platelets count.

DVT prophylaxis All ICU admissions Platelets <50 Platelets < 20
None 180 (20.9) 44 (22) 112 (23)

Low Molecular Weight Heparin 119 (13.8) 32 (16) 27 (5)
Unfractioned heparin 71 (8.2) 19 (10) 17 (3)

Oral anticoagulants 4 (0.5) 1 (0.5) 0 (0)
Sequential compression devices 367 (42.6) 73 (37) 269 (54)
Compression stocking 0 (0) 0 (0) 0 (0)

Not Stated 121 (14) 30 (15) 71 (14)

Total 862 (100) 199 (100) 496 (1)

Data are presented as N (%) conditional on the column category.

platelet transfusion (median 3 units, IQR 1-5), 68% packed

red blood cell (PRBC) transfusion (median 2 units, IQR

1-5), and 14% fresh frozen plasma (FFP) (median 3 units,

IQR 1-5).

ICU diagnosis, procedures, and mortality

The main reasons for ICU admission were septic shock and

acute respiratory failure. Regarding organ support, more
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Table 3 Thrombosis and Bleeding by VTE Prophylaxis.

All Pharmacological prophylaxis = Mechanical prophylaxis  No prophylaxis P Value
Deep Vein Thrombosis (DVT)
Non-Catheter Related 1.7 (15/862) 3.1 (6/194) 1.9 (7/367) 0 (0/180) .07
Catheter Related 1.4 (12/862) 1.0 (2/194) 1.6 (6/367) 0.6 (1/180) .57
Pulmonary Embolism
Pulmonary Embolism 1.3 (11/862) 2.1 (4/194) 0.82 (3/367) 2.2 (4/180) .33
Bleeding
Minor Bleeding 7.2 (62/862) 4.6 (9/194) 8.7 (32/367) 7.2 (13/180) .21
Major Bleeding 14.2 (122/862) 4.6 (9/194) 15.5 (57/367) 21.1 (38/180) <.05

Data are presented as % (N/total) conditional on the column category.

Bleeding episodes were classified them according to the proposed International Society on Thrombosis and Haemostasis (ISTH) subtypes
of minor or major bleeding.?2 Major bleeding includes fatal bleeding, symptomatic bleeding in a critical area or organ, and bleeding
resulting in a drop in hemoglobin level of 2 g/L or leading to transfusion of 2 or more units of red blood cells, minor bleeding being any

other type of bleeding.

Variables Odds Ratio  (95% Cl,P-value) 0Odds Ratio (95% Cl, log-scale)
1
1
Sex (male) 0.68 (0.34 - 1.33, p=0.25) a1
1
1
S Ageinyears 1.01 (0.99 - 1.04, p=0.4) i
=
S i
O BwmI 1.03 (0.98 - 1.08, p=0.16) h
1
1
ICU LOS in days 1.01 (0.98 - 1.04, p=0.46) i
1
1
SOFA score on ICU admission 0.85 (0.76 - 0.96, p=0.007) ':
8 |
§ Vasopressors (yes) 2.07 (0.98 - 4.52, p=0.060) II =
3 i
Plasma Transfusion (yes) 2.07 (0.88 - 4.35, p=0.078) !

Figure 1
of VTE (DVT or PE).

Table 4 Thrombosis and Bleeding by Platelet counts.

2 3 4 5

0Odds Ratios and associated 95% confidence intervals based on the selected logistic regression model for the occurrence

Variable All Platelets>50 x 10°/L  Platelets 20-50 x 10°/L  Platelets<20 x 10°/L P value
Deep Vein Thrombosis (DVT)

Non-Catheter Related 1.7 (15/862) 1.8 (3/167) 1.5 (3/199) 1.8 (9/496) 1
Catheter Related 1.4 (12/862) 1.8 (3/167) 1.5 (3/199) 1.2 (6/496) .93
Pulmonary Embolism

Pulmonary Embolism 1.3 (11/862) 1.2 (2/167) 2.0 (4/199) 1.0 (5/496) .66
Bleeding

Minor Bleeding 7.2 (62/862) 4.8 (8/167) 7.5 (15/199) 7.9 (39/496) .40
Major Bleeding 14.1 (122/862)  16.2 (27/167) 21.1 (42/199) 10.7 (53/496) .001

Data are presented as % (N/total) conditional on the column category.

DVT: deep venous thrombosis; VTE: Venous thromboembolism.

than half of patients required invasive mechanical ventila-
tion, 3.9% non-invasive ventilation (NIV), and 9% high-flow
oxygen therapy (eTable 4). Additionally, more than half of
patients required vasopressor support and 12.1% dialysis,
and the median SOFA score was 8 (IQR 6-10). Median pre-ICU
hospital length of stay (LOS) was 7 days (IQR 1-19), median
ICU LOS was 3 days (IQR 1-6), and median total hospital LOS
was 30 days (IQR 15-51).

e6

Regarding thromboprophylaxis and ICU related variables,
patients receiving mechanical prophylaxis had higher rates
of invasive mechanical ventilation (62%, P=.0003), require-
ment for vasopressors (62%, P=.02), requirement for dialysis
(17%, P=.002), higher SOFA and APACHE-II, and higher ICU
mortality (35%, P=.03).

Overall ICU mortality was 34.1%, and hospital mortality in
ICU survivors was 29.7%. ICU mortality was 25.9% for patients
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with DVT and 45.4% for patients with PE; hospital mortality
was 45% for patients with DVT and 0% for patients with PE.
ICU mortality was 40.2% and hospital mortality was 31.5%
for patients with major bleeding.

Discussion

This cohort study of 813 unique patients (accounting for 862
unique hospital admissions) represents the largest analysis
of the incidence of and risk factors associated with VTE and
bleeding among patients with HM admitted to ICU, and on
thromboprophylaxis strategies in this population. Remark-
ably, we found that in more than one third of episodes
prophylaxis was not used or not documented and that there
was a non-negligible incidence of VTE and/or bleeding dur-
ing ICU admission.

Effectively implementing DVT prophylaxis is challenging
in some clinical settings. In a previous multinational cross-
sectional survey only 37% of patients with active malignancy
received adequate prophylaxis, with thrombocytopenia as
one of the associated factors with inadequate prophylaxis.?®
In the ICU, there is a reported 70% adherence to guideline
recommendations, however there is also a lack of mechan-
ical devices in cases where pharmacological prophylaxis is
contraindicated as reported by Garcia-Olivares.??*

Thrombocytopenia does not appear to be strictly protec-
tive against VTE, and previous studies document the safety
of prophylactic enoxaparin even in patients with platelets
lower than 10 x 10°/L.>3" In addition, the omission of throm-
boprophylaxis within the first 24 h of ICU admission without
clinical reasons has been associated with increased mortal-
ity in critically ill adults.®” A notable finding in our study
is the substantial proportion of patients not receiving any
prophylaxis or in which there was no mention of it. There
is extensive literature around inadequate VTE prophylaxis
that helps to better frame this issue. In a previous cross-
sectional study, the factors associated with an increased
risk for inadequate VTE prophylaxis included the presence of
a contraindication to pharmacological prophylaxis (OR 3.9,
95% Cl2.5-6.1), and ICU admission for a non-medical pathol-
ogy (OR 11.1; 95% Cl 7.6-16.1).** In a retrospective analysis
of 1.4 million critically ill patients, 4% did not receive
thromboprophylaxis within the first 24h after ICU admis-
sion, without obvious reason.?’ This is a lower proportion
than our study, where thromboprophylaxis was withheld in
21% of admissions because of thrombocytopenia; and there
was no mention of prophylaxis in 14%. In the ENDORSE study,
platelet count <100 x 10°/L was a contraindication for VTE
prophylaxis.?® Furthermore, up to 50% of all hospitalized
patients at risk for VTE were not receiving appropriate pro-
phylaxis. The use of prophylaxis protocols has been proven
to be feasible and could potentially reduce the risk of VTE
in this population.3*3°

Finally, we found a non-negligible incidence of bleeding
(7% minor bleeding and 14% major bleeding). This rate is
higher than the reported in a previous population study that
found a higher incidence of bleeding in ICU patients com-
pared to non-ICU hospitalized controls (7.6% vs 2.4%, OR
3.33; 95% Cl 3.09-3.58).% In an analysis of factors associ-
ated with bleeding risk in medical patients, Decousus et al.
reported a cumulative 3.2% incidence of major and nonma-

jor in-hospital bleeding within 14 days of admission. Active
gastroduodenal ulcer (OR, 4.15; 95% Cl, 2.21-7.77), prior
bleeding (OR, 3.64; 95% Cl, 2.21-5.99), and low platelet
count (<50 x 10°/L) (OR, 3.37; 95% Cl, 1.84-6.18) were
the strongest independent risk factors at admission for
bleeding.3*

As a retrospective analysis, this study has several limi-
tations. Detection of events was done by individual chart
review, subjected to human error. Also, there was lack of
documentation for prophylaxis in 14% of cases which could
potentially influence the results, either underestimating or
overestimating the thromboprophylaxis use. Furthermore,
despite being conducted at Canada’s largest HM centre,
this was a single-center study. Further, VTE events are
limited to those where the diagnosis was clinically sus-
pected and a confirmatory test done, possibly leading to
under-detection compared with active surveillance ultra-
sound for DVT.?’ Finally, we lack data on some risk factors
for VTE, such as previous chemotherapy. The strengths of
our study include the large HM population, and the detailed
and comprehensive data collection, including information
regarding ICU-related treatments (i.e., mechanical ventila-
tion, vasopressor requirements, etc.) and severity scores. By
examining individual patient records instead of solely relying
on administrative data, we could determine details about
VTE timing and platelet counts.

We anticipated a low VTE risk in patients with HM and
thrombocytopenia, however we found a considerable rate of
thrombosis considering that this was a non-surveillance sce-
nario. The risk of thrombosis was similar to that observed in
a non-HM population of critically ill patients receiving chem-
ical thromboprophylaxis.*® Additionally, our study revealed
a high risk of bleeding, surpassing rates observed in gen-
eral ICU populations, where studies report rates of major
bleeding closer to 5%.3°

Conclusions

The risk of VTE in critically ill patients with HM should be
considered even in patients with thrombocytopenia. The
risk of bleeding was considerably higher than expected. Our
results should inform future prospective studies on this topic
to try and better define the risk of thrombosis and bleeding
in this population in a surveillance context.

Conflict of interest

The authors have no relevant financial or non-financial inter-
ests to disclose. The authors have no conflicts of interest to
declare that are relevant to the content of this article.

Funding information

FCC was awarded the Hold’em for Life Oncology Fellowship
2021-2022 for the completion of this project.

Notation of prior abstract publication

a Poster presentation at Critical Care Canada Forum
2022 (Carini FC, Dozois G, Novitzky-Basso I, Mun-

e7



F.C. Carini, L. Munshi, I. N.-Basso et al.

shi L, Ferreyro B, Mehta S. Critical Care Canada
Forum 2022 Abstracts. Canadian Journal of Anesthe-
sia/Journal canadien d’anesthésie. 2023;70(1):s175-s177.
doi:https://doi.org/10.1007/5s12630-023-02445-y).

b Presented as a poster at the Virtual Art Slutsky Research
Day, Interdepartmental Division of Critical Care Medicine,
University of Toronto, June 21, 2022.

Ethical approval

The study was approved by the Research Ethics Boards at
Mount Sinai Hospital (#21-0109-C) and the University Health
Network (#21-5476). We requested a full waiver of consent
and Personal Information Protection and Electronic Docu-
ment Act (PIPEDA) authorization for the patients identified
in this study.

Statement of generative Al and Al-assisted
technologies in the writing process

During the preparation of this work, the author used Chat-
GPT, an Al language model developed by OpenAl, in order
to improve readability and to check grammar and spelling.
After using this tool, the author reviewed and edited the
text and assume full responsibility for the content of the
publication.

Acknowledgements of author contributions

FCC had full access to the data and takes responsibility for
the integrity of the data and accuracy of the data analysis.
Concept and design: FCC, BLF, SM, INB and LM. Acquisition,
analysis, and interpretation of data: FCC, SM, SD. Drafting
of the manuscript: FCC, CH and SM. Critical revision of the
manuscript for important intellectual content and approval
of the final draft: all authors. Statistical analysis: SD, FCC.

We thank Mr. Anaqgi As Shafiq Bin Amir Razif
(anagi.amirrazif@mail.utoronto.ca, University of Toronto
Scarborough) for his collaboration in the statistical analysis
for this project.

Appendix A. Supplementary data

Supplementary material related to this article can be
found, in the online version, at doi:https://doi.org/10.
1016/j.medine.2024.06.003.

References

1. Eck RJ, Hulshof L, Wiersema R, Thio CHL, Hiemstra B, van
den Oever NCG, et al. Incidence, prognostic factors, and out-
comes of venous thromboembolism in critically ill patients: data
from two prospective cohort studies. Crit Care. 2021;25(1):27,
http://dx.doi.org/10.1186/s13054-021-03457-0.

2. Cook D, Crowther M, Meade M, Rabbat C, Griffith L,
Schiff D, et al. Deep venous thrombosis in medical-surgical
critically ill patients: prevalence, incidence, and risk fac-
tors. Crit Care Med. 2005;33(7):1565-71, http://dx.doi.org/
10.1097/01.CCM.0000171207.95319.B2.

e8

3.

10.

1.

13.

14.

15.

16.

17.

Cushman M. Epidemiology and risk factors for venous thrombo-
sis. Semin Hematol. 2007;2(44):62-9 http://www.nhlbisupport
.com/bmi

. Kekre N, Connors JM. Venous thromboembolism incidence

in hematologic malignancies. Blood Rev. 2019;33:24-32,
http://dx.doi.org/10.1016/j.blre.2018.06.002.

. Gerber DE, Segal JB, Levy MY, Kane J, Jones RJ, Streiff

MB. The incidence of and risk factors for venous throm-
boembolism (VTE) and bleeding among 1514 patients
undergoing hematopoietic stem cell transplantation: impli-
cations for VTE prevention. Blood. 2008;112(3):504-10,
http://dx.doi.org/10.1182/BLOOD-2007-10-117051.

. Adelborg K, Corraini P, Darvalics B, Frederiksen H, Ord-

ing A, Horvath-Puhé E, et al. Risk of thromboembolic
and bleeding outcomes following hematological cancers: a
Danish population-based cohort study. J Thromb Haemost.
2019;17(8):1305-18, http://dx.doi.org/10.1111/JTH.14475.

. Ferreyro BL, Scales DC, Wunsch H, Cheung MC, Gupta V,

Saskin R, et al. Critical illness in patients with hemato-
logic malignancy: a population-based cohort study. Inten-
sive Care Med. 2021;47(10):1104-14, http://dx.doi.org/10.
1007/s00134-021-06502-2.

. Carini FC, Angriman F, Scales DC, Munshi L, Burry
LD, Sibai H, et al. Venous thromboembolism in criti-
cally ill adult patients with hematologic malignancy: a

population-based cohort study. Intensive Care Med. 2024,
http://dx.doi.org/10.1007/500134-023-07287-2.

. Farge D, Frere C, Connors JM, Khorana AA, Kakkar A, Ay

C, et al. 2022 international clinical practice guidelines for
the treatment and prophylaxis of venous thromboembolism
in patients with cancer, including patients with COVID-
19. Lancet Oncol. 2022;23(7):e334-47, http://dx.doi.org/10.
1016/51470-2045(22)00160-7.

Fernando SM, Tran A, Cheng W, Sadeghirad B, Arabi YM,
Cook DJ, et al. Venous thromboembolism prophylaxis in criti-
cally ill adults. Chest. 2021;161(2):418-28, http://dx.doi.org/
10.1016/j.chest.2021.08.050.

Lyman GH, Carrier M, Ay C, Nisio Di M, Hicks LK, Khorana
AA, et al. American Society of Hematology 2021 guidelines
for management of venous thromboembolism: prevention and
treatment in patients with cancer. Blood Adv. 2021;5(4):927-74,
http://dx.doi.org/10.1182/bloodadvances.2020003442.

. Duranteau J, Taccone FS, Verhamme P, Ageno W. European

guidelines on perioperative venous thromboembolism pro-
phylaxis. Eur J Anaesthesiol. 2018;35(2):142-6, http://dx.
doi.org/10.1097/EJA.0000000000000707.

Schinemann HJ, Cushman M, Burnett AE, Kahn SR, Beyer-
Westendorf J, Spencer FA, et al. American Society of
Hematology 2018 guidelines for management of venous
thromboembolism: prophylaxis for hospitalized and nonhos-
pitalized medical patients. Blood Adv. 2018;2(22):3198-225,
http://dx.doi.org/10.1182/bloodadvances.2018022954.
Zarychanski R, Houston DS. Assessing thrombocytopenia in
the intensive care unit: the past, present, and future.
Hematol Am Soc Hematol Educ Program. 2017;2017(1):660-6,
http://dx.doi.org/10.1182/ASHEDUCATION-2017.1.660.
Erkurt M, Kaya E, Berber I, Koroglu M, Kuku I. Thrombocy-
topenia in adults: review article. J Hematol. 2012;2-3:44-53,
http://dx.doi.org/10.4021/jh28w.

Venkata C, Kashyap R, Christopher Farmer J, Afessa B.
Thrombocytopenia in adult patients with sepsis: incidence,
risk factors, and its association with clinical outcome.
J Intensive Care. 2013;1(1):1-10, http://dx.doi.org/10
.1186/2052-0492-1-9/FIGURES/1.

von Elm E, Altman DG, Egger M, Pocock SJ, Getzsche
PC, Vandenbroucke JP. The Strengthening the Report-
ing of Observational Studies in Epidemiology (STROBE)
statement: guidelines for reporting observational studies.


https://doi.org/10.1007/s12630-023-02445-y
http://anaqi.amirrazif@mail.utoronto.ca
https://doi.org/10.1016/j.medine.2024.06.003
https://doi.org/10.1016/j.medine.2024.06.003
dx.doi.org/10.1186/s13054-021-03457-0
dx.doi.org/10.1097/01.CCM.0000171207.95319.B2
dx.doi.org/10.1097/01.CCM.0000171207.95319.B2
http://www.nhlbisupport.com/bmi
http://www.nhlbisupport.com/bmi
dx.doi.org/10.1016/j.blre.2018.06.002
dx.doi.org/10.1182/BLOOD-2007-10-117051
dx.doi.org/10.1111/JTH.14475
dx.doi.org/10.1007/s00134-021-06502-2
dx.doi.org/10.1007/s00134-021-06502-2
dx.doi.org/10.1007/S00134-023-07287-2
dx.doi.org/10.1016/S1470-2045(22)00160-7
dx.doi.org/10.1016/S1470-2045(22)00160-7
dx.doi.org/10.1016/j.chest.2021.08.050
dx.doi.org/10.1016/j.chest.2021.08.050
dx.doi.org/10.1182/bloodadvances.2020003442
dx.doi.org/10.1097/EJA.0000000000000707
dx.doi.org/10.1097/EJA.0000000000000707
dx.doi.org/10.1182/bloodadvances.2018022954
dx.doi.org/10.1182/ASHEDUCATION-2017.1.660
dx.doi.org/10.4021/jh28w
dx.doi.org/10.1186/2052-0492-1-9/FIGURES/1
dx.doi.org/10.1186/2052-0492-1-9/FIGURES/1

Medicina Intensiva 48 (2024) e1-€9

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

J Clin Epidemiol. 2008;61(4):344-9, http://dx.doi.org/10.
1016/j.jclinepi.2007.11.008.

Williamson DR, Albert M, Heels-Ansdell D, Arnold DM,
Lauzier F, Zarychanski R, et al. Thrombocytopenia in crit-
ically ill patients receiving thromboprophylaxis: frequency,
risk factors, and outcomes. Chest. 2013;144(4):1207-15,
http://dx.doi.org/10.1378/chest.13-0121.

Knaus WA, Draper EA, Wagner DP, Zimmerman JE. APACHE
II: a severity of disease classification system. Crit Care Med.
1985;13(10):818-29.

Vincent JL, Moreno R, Takala J, Willatts S, De Mendonca A,
Bruining H, et al. The SOFA (Sepsis-related Organ Failure Assess-
ment) score to describe organ dysfunction/failure. On behalf
of the Working Group on Sepsis-Related Problems of the Euro-
pean Society of Intensive Care Medicine. Intensive Care Med.
1996;22(7):707-10, http://dx.doi.org/10.1007/BF01709751.
Lim W, Le Gal G, Bates SM, Righini M, Haramati LB, Lang
E, et al. American Society of Hematology 2018 guidelines
for management of venous thromboembolism: diagnosis of
venous thromboembolism. Blood Adv. 2018;2(22):3226-56,
http://dx.doi.org/10.1182/BLOODADVANCES.2018024828.
Schulman S, Kearon C. Definition of major bleeding in clin-
ical investigations of antihemostatic medicinal products in
non-surgical patients. J Thromb Haemost. 2005;3(4):692-4,
http://dx.doi.org/10.1111/J.1538-7836.2005.01204.X.

Oken MM, Creech RH, Tormey DC, Horton J, Davis TE, McFadden
ET, et al. Toxicity and response criteria of the Eastern Coop-
erative Oncology Group. Am J Clin Oncol. 1982;5(6):649-55
http://www.ncbi.nlm.nih.gov/pubmed/7165009

Zhang Z. Variable selection with stepwise and best subset
approaches. Ann Transl Med. 2016;4(7):136, http://dx.doi.org/
10.21037/atm.2016.03.35.

Anderson FA, Spencer FA. Risk factors for venous thromboem-
bolism. Circulation. 2003;107 SUPPL. 23, http://dx.doi.org/
10.1161/01.CIR.0000078469.07362.E6.

Team RC. R: A Language and Environment for Statistical Com-
puting. R Foundation for Statistical Computing. Published
online 2023. https://www.R-project.org.

Cavanaugh JE, Neath AA. The Akaike information criterion:
background, derivation, properties, application, interpreta-
tion, and refinements. Wiley Interdiscip Rev Comput Stat.
2019;11(3):€1460, http://dx.doi.org/10.1002/WICS.1460.
Cohen AT, Tapson VF, Bergmann JF, Goldhaber SZ, Kakkar AK,
Deslandes B, et al. Venous thromboembolism risk and prophy-
laxis in the acute hospital care setting (ENDORSE study): a multi-
national cross-sectional study. Lancet. 2008;371(9610):387-94,
http://dx.doi.org/10.1016/50140-6736(08)60202-0.

Sahle BW, Pilcher D, Peter K, McFadyen JD, Bucknall T.
Trends and risk factors for omission of early thrombo-
prophylaxis in Australian and New Zealand ICUs between
2009 and 2020. Intensive Care Med. 2022;48(5):590-8,
http://dx.doi.org/10.1007/s00134-022-06672-7.

e9

30.

31.

32.

33.

34.

35

36.

37.

38.

39.

Garcia-Olivares P, Guerrero JE, Tomey MJ, Hernangémez AM,
Stanescu DO. Profilaxis de la enfermedad tromboembolica
venosa en el paciente critico: aproximacion a la practica clinica
en la Comunidad de Madrid. Med Intensiva. 2014;38(6):347-55,
http://dx.doi.org/10.1016/j.medin.2013.07.005.

Khanal N, Bociek RG, Chen B, Vose JM, Armitage JO, Bierman PJ,
et al. Use of Low Molecular Weight Heparin (LMWH) in Throm-
bocytopenic Patients with Hematologic Malignancy-Associated
Venous Thromboembolism (VTE). Blood. 2015;126(23):3482,
http://dx.doi.org/10.1182/blood.v126.23.3482.3482.

Ho KM, Chavan S, Pilcher D. Omission of early thrombopro-
phylaxis and mortality in critically ill patients: a multicenter
registry study. Chest. 2011;140(6):1436-46, http://dx.doi.org/
10.1378/CHEST.11-1444.

Garcia-Olivares P, Guerrero JE, Keough E, Galdos P, Car-
riedo D, Murillo F, et al. Clinical factors associated with
inappropriate prophylaxis of venous thromboembolic dis-
ease in critically ill patients. A single day cross-sectional
study. Thromb Res. 2016;143:111-7, http://dx.doi.org/
10.1016/j.thromres.2016.05.012.

Tang X, Lyu WR, Jin Y, Wang R, Li XY, Li Y, et al. Mod-
ern thromboprophylaxis protocol based on guidelines applied
in a respiratory intensive care unit: a single-center prospec-
tive cohort study. Thromb J. 2022;20(1), http://dx.doi.org/10
.1186/512959-022-00439-2.

. Viejo Moreno R, Sanchez-lzquierdo Riera JA, Molano Alvarez

E, Barea Mendoza JA, Temprano Vazquez S, Diaz Castellano
L, et al. Mejora en la seguridad de un proceso clinico uti-
lizando el analisis modal de fallos y efectos: profilaxis de
la enfermedad tromboembdlica venosa en pacientes criti-
cos. Med Intensiva. 2016;40(8):483-90, http://dx.doi.org/
10.1016/j.medin.2016.02.003.

Decousus H, Tapson VF, Bergmann JF, Chong BH, Froehlich
JB, Kakkar AK, et al. Factors at admission associated with
bleeding risk in medical patients: findings from the improve
investigators. Chest. 2011;139(1):69-79, http://dx.doi.org
/10.1378/chest.09-3081.

Arabi YM, Burns KEA, Al-Hameed F, Alsolamy S, Almaani M, Man-
dourah Y, et al. Surveillance or no surveillance for deep venous
thrombosis and outcomes of critically ill patients: a study
protocol and statistical analysis plan. Medicine. 2018;97(36),
http://dx.doi.org/10.1097/MD.0000000000012258.

Cook D, Meade M, Guyatt G, Walter S, Heels-Ansdell D,
Warkentin TE, et al. Dalteparin versus unfractionated heparin
in critically ill patients. N Engl J Med. 2011;364(14):1305-14,
http://dx.doi.org/10.1056/NEJMOA1014475.

Arnold DM, Donahoe L, Clarke FJ, Tkaczyk AJ, Heels-Ansdell D,
Zytaruk N, et al. Bleeding during critical illness: a prospective
cohort study using a new measurement tool. Clin Invest Med.
2007;30(2):93, http://dx.doi.org/10.25011/cim.v30i2.985.


dx.doi.org/10.1016/j.jclinepi.2007.11.008
dx.doi.org/10.1016/j.jclinepi.2007.11.008
dx.doi.org/10.1378/chest.13-0121
http://refhub.elsevier.com/S2173-5727(24)00141-3/sbref0095
http://refhub.elsevier.com/S2173-5727(24)00141-3/sbref0095
http://refhub.elsevier.com/S2173-5727(24)00141-3/sbref0095
http://refhub.elsevier.com/S2173-5727(24)00141-3/sbref0095
http://refhub.elsevier.com/S2173-5727(24)00141-3/sbref0095
http://refhub.elsevier.com/S2173-5727(24)00141-3/sbref0095
http://refhub.elsevier.com/S2173-5727(24)00141-3/sbref0095
http://refhub.elsevier.com/S2173-5727(24)00141-3/sbref0095
http://refhub.elsevier.com/S2173-5727(24)00141-3/sbref0095
http://refhub.elsevier.com/S2173-5727(24)00141-3/sbref0095
http://refhub.elsevier.com/S2173-5727(24)00141-3/sbref0095
http://refhub.elsevier.com/S2173-5727(24)00141-3/sbref0095
http://refhub.elsevier.com/S2173-5727(24)00141-3/sbref0095
http://refhub.elsevier.com/S2173-5727(24)00141-3/sbref0095
http://refhub.elsevier.com/S2173-5727(24)00141-3/sbref0095
http://refhub.elsevier.com/S2173-5727(24)00141-3/sbref0095
http://refhub.elsevier.com/S2173-5727(24)00141-3/sbref0095
http://refhub.elsevier.com/S2173-5727(24)00141-3/sbref0095
http://refhub.elsevier.com/S2173-5727(24)00141-3/sbref0095
http://refhub.elsevier.com/S2173-5727(24)00141-3/sbref0095
http://refhub.elsevier.com/S2173-5727(24)00141-3/sbref0095
http://refhub.elsevier.com/S2173-5727(24)00141-3/sbref0095
http://refhub.elsevier.com/S2173-5727(24)00141-3/sbref0095
http://refhub.elsevier.com/S2173-5727(24)00141-3/sbref0095
http://refhub.elsevier.com/S2173-5727(24)00141-3/sbref0095
http://refhub.elsevier.com/S2173-5727(24)00141-3/sbref0095
http://refhub.elsevier.com/S2173-5727(24)00141-3/sbref0095
http://refhub.elsevier.com/S2173-5727(24)00141-3/sbref0095
http://refhub.elsevier.com/S2173-5727(24)00141-3/sbref0095
dx.doi.org/10.1007/BF01709751
dx.doi.org/10.1182/BLOODADVANCES.2018024828
dx.doi.org/10.1111/J.1538-7836.2005.01204.X
http://www.ncbi.nlm.nih.gov/pubmed/7165009
dx.doi.org/10.21037/atm.2016.03.35
dx.doi.org/10.21037/atm.2016.03.35
dx.doi.org/10.1161/01.CIR.0000078469.07362.E6
dx.doi.org/10.1161/01.CIR.0000078469.07362.E6
https://www.R-project.org
dx.doi.org/10.1002/WICS.1460
dx.doi.org/10.1016/S0140-6736(08)60202-0
dx.doi.org/10.1007/s00134-022-06672-7
dx.doi.org/10.1016/j.medin.2013.07.005
dx.doi.org/10.1182/blood.v126.23.3482.3482
dx.doi.org/10.1378/CHEST.11-1444
dx.doi.org/10.1378/CHEST.11-1444
dx.doi.org/10.1016/j.thromres.2016.05.012
dx.doi.org/10.1016/j.thromres.2016.05.012
dx.doi.org/10.1186/S12959-022-00439-2
dx.doi.org/10.1186/S12959-022-00439-2
dx.doi.org/10.1016/j.medin.2016.02.003
dx.doi.org/10.1016/j.medin.2016.02.003
dx.doi.org/10.1378/chest.09-3081
dx.doi.org/10.1378/chest.09-3081
dx.doi.org/10.1097/MD.0000000000012258
dx.doi.org/10.1056/NEJMOA1014475
dx.doi.org/10.25011/cim.v30i2.985

	Incidence of venous thromboembolic disease and risk of bleeding in critically ill patients with hematologic malignancies: ...
	Introduction
	Study design and methods
	Classification of hematologic malignancy
	Outcomes and variables
	VTE prophylaxis
	Thrombosis, bleeding and ICU related outcomes

	Statistical analysis

	Results
	Baseline characteristics
	Use of thromboprophylaxis
	Incidence of VTE and major bleeding
	Thrombosis and bleeding related to thrombocytopenia
	ICU diagnosis, procedures, and mortality

	Discussion
	Conclusions
	Conflict of interest
	Funding information
	Notation of prior abstract publication
	Ethical approval
	Statement of generative AI and AI-assisted technologies in the writing process
	Acknowledgements of author contributions
	Appendix A Supplementary data
	References


