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Study Need and Importance: Venous thromboem-
bolism (VTE) is a significant cause of morbidity and
potential mortality after radical cystectomy, as well as
the most expensive index complication. There is
growing evidence that blood transfusions may increase
the risk of postoperative venous thromboembolism;
however, several important confoundersdincluding
tumor stage and receipt of neoadjuvant chemo-
therapydhave not been accounted for due to the
inherent limitations of the data sets used previously.
Therefore, our objective was to assess whether periop-
erative blood transfusion is associated with VTE
following radical cystectomy after adjusting for disease-
related characteristics.

What We Found: We identified 3,755 patients
treated with radical cystectomy at Mayo Clinic, of
whom 162 (4.3%) experienced a VTE within 90 days
of surgery. Blood transfusion was studied as a 3-
tiered variable: no transfusion, postoperative trans-
fusion alone, or intraoperative with or without post-
operative transfusion. Intraoperative with or without
postoperative blood transfusion was associated with a
significantly increased risk of VTE (adjusted OR 1.73,
95% CI 1.17-2.56, P [ .002) after multivariable
adjustment. Moreover, each unit of blood transfused
intraoperatively was associated with 7% higher odds
of VTE (adjusted OR 1.07, 95% CI 1.01-1.13, P[ .03).

Limitations: This study is limited by its retrospec-
tive nature and potential for measurement bias as
evaluation for VTE was based on clinical judgement.

Additionally, although year of surgery was adjusted
for, changes to institutional VTE prophylaxis over
the study period may have influenced outcomes.

Interpretation for Patient Care: Efforts should be
made to limit intraoperative transfusion through
preoperative diagnosis and treatment of anemia,
optimization of anticoagulant status, tranexamic acid
infusion, and/or a robotic surgical approach when
feasible. Surgeons should furthermore have a low
index of suspicion to obtain diagnostic imaging and
educate patients on the importance of VTE prophy-
laxis after intraoperative transfusion (see Figure).

Figure. Visual abstract of study. BMI indicates body mass index;

ECOG, Eastern Cooperative Oncology Group; intraop,

intraoperative; OR, odds ratio; post-op, postoperative; VTE,

venous thromboembolism.
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Purpose: Our objective was to examine whether perioperative blood transfusion is
associated with venous thromboembolism following radical cystectomy adjusting
for both patient- and disease-related factors.

Materials and Methods: Patients who underwent radical cystectomy for bladder
cancer from 1980-2020 were identified in the Mayo Clinic cystectomy registry. Blood
transfusion during the initial postoperative hospitalization was analyzed as a 3-tiered
variable: no transfusion, postoperative transfusion alone, or intraoperative with or
without postoperative transfusion. The primary outcome was venous thromboembo-
lism within 90 days of radical cystectomy. Associations between clinicopathological
variables and 90-day venous thromboembolism were assessed using multivariable
logistic regression, with transfusion analyzed as both a categorical and a continuous
variable.

Results: A total of 3,755 radical cystectomy patients were identified, of whom 162
(4.3%) experienced a venous thromboembolism within 90 days of radical cystectomy.
Overall, 2,112 patients (56%) received a median of 1 (IQR: 0-3) unit of blood trans-
fusion, including 811 (38%) with intraoperative transfusion only, 572 (27%) with
postoperative transfusion only, and 729 (35%) with intraoperative and postoperative
transfusion. On multivariable analysis, intraoperative with or without postoperative
blood transfusion was associated with a significantly increased risk of venous
thromboembolism (adjusted OR 1.73, 95% CI 1.17-2.56, P [ .002). Moreover, when
analyzed as a continuous variable, each unit of blood transfused intraoperatively was
associated with 7% higher odds of venous thromboembolism (adjusted OR 1.07, 95%
CI 1.01-1.13, P [ .03).

Conclusions: Intraoperative blood transfusion was significantly associated with
venous thromboembolism within 90 days of radical cystectomy. To ensure optimal
perioperative outcomes, continued effort to limit blood transfusion in radical cys-
tectomy patients is warranted.

Key Words: cystectomy, venous thromboembolism, urinary bladder

neoplasms

VENOUS thromboembolism (VTE) is a
significant cause of morbidity and po-
tential mortality after radical cystectomy
(RC).1 Rates of VTE after RC range from
2%-11%, and VTE is associated with the

highest costs of all index complications
after RC.2-4 Accordingly, significant
effort has been aimed at decreasing
the rates of VTE for patients under-
going RC, and VTE is increasingly

Submitted May 23, 2022; accepted November
20, 2022; published November 29, 2022.

Support: None.
Conflict of Interest: SAB: Consultant: Protara,

Prokarium, FerGene, Ferring; TDL: Consultant:
Bristol Myers Squibb, ImmunityBio.

Ethics Statement: This study received Institu-
tional Review Board approval (IRB No. 21-007383).

Author Contributions: Conception and design:
AAM, PHS, BAB, RJK, RHT, MKT, TDL; data analysis
and interpretation: IF, PHS, RFT, CDD, RJK, MKT,
SAB; data acquisition: RFT, MKT; critical revision of
the manuscript for scientific and factual content: IF,
PHS, CDD, RJK, RHT, MKT, SAB; drafting the
manuscript: AAM, RFT, BAB, TDL; statistical analysis:
AAM, RFT; supervision: IF, PHS, BAB, CDD, RJK,
RHT, SAB, TDL.

* Correspondence: Department of Urology,
Mayo Clinic, 4500 San Pablo Rd, Jacksonville,
FL 32224 (telephone: 904-953-7330; email:
Lyon.timothy@mayo.edu).

Editor’s Note: This article is the
second of 5 published in this issue
for which Category 1 CME credits
can be earned. Instructions for
obtaining credits are given with
the questions on pages 647 and
648.

See Editorial on page 471.

THE JOURNAL OF UROLOGY®

� 2022 by AMERICAN UROLOGICAL ASSOCIATION EDUCATION AND RESEARCH, INC.

https://doi.org/10.1097/JU.0000000000003094

Vol. 209, 525-531, March 2023

Printed in U.S.A.

526 j www.auajournals.org/jurology

www.auajournals.org/journal/juro

Copyright © 2023 American Urological Association Education and Research, Inc. Unauthorized reproduction of this article is prohibited.

https://orcid.org/0000-0002-5219-2978
https://orcid.org/0000-0001-9251-3687
mailto:Lyon.timothy@mayo.edu
https://doi.org/10.1097/JU.0000000000003094
http://www.auajournals.org/jurology
http://www.auajournals.org/journal/juro
https://www.auajournals.org/servlet/linkout?type=rightslink&url=startPage%3D525%26pageCount%3D7%26copyright%3D%26author%3DAmanda%2BMyers%252C%2BIgor%2BFrank%252C%2BParas%2BH.%2BShah%252C%2Bet%2Bal%26orderBeanReset%3Dtrue%26imprint%3DWoltersKluwer%26volumeNum%3D209%26issueNum%3D3%26contentID%3D10.1097%252FJU.0000000000003094%26title%3DIntraoperative%2BBlood%2BTransfusion%2BIs%2BAssociated%2BWith%2BIncreased%2BRisk%2Bof%2BVenous%2BThromboembolism%2BAfter%2BRadical%2BCystectomy%26numPages%3D7%26pa%3D%26oa%3D%26issn%3D0022-5347%26publisherName%3DWoltersKluwer%26publication%3Djuro%26rpt%3Dn%26endPage%3D531%26publicationDate%3D11%252F29%252F2022


used as a quality indicator after RC.1 However, the
potential influence of perioperative blood transfusion
on VTE development remains underexplored. Allo-
genic blood transfusion is known to stimulate the
inflammatory cytokines and contribute to throm-
bosis, establishing a plausible biological rationale5-7

whereby transfusion could increase VTE risk.
Several studies utilizing administrative data sets

have associated perioperative blood transfusion with an
increased risk of VTE in multiple surgical sub-
specialties;8,9 however, due to inherent limitations of
these data sets, authors have been unable to adjust for
several important confoundersdincluding tumor stage
and neoadjuvant chemotherapydthat may modulate
this association. Indeed, it is known that VTE risk is
higher in patients with aggressive tumor biology and
regional or metastatic spread.10 Red blood cell (RBC)
transfusion is also linked to increased risks of cancer
recurrence, and disease-specific and all-cause mortality
following RC.11,12 Neoadjuvant chemotherapy, espe-
cially with platinum-based agents, is an additional risk
factor for VTE.13,14 Nevertheless, whether perioperative
blood transfusion remains significantly associated with
development of VTE after appropriate risk adjustment
for disease related-factors remains undetermined.

Therefore, the objective of this study was to assess
whether perioperative blood transfusion is associated
with VTE following RC after adjusting for disease-
related characteristics.

METHODS

Study Cohort
Following Institutional Review Board approval (IRB No.
21-007383), we reviewed the Mayo Clinic Cystectomy Regis-
try to identify 3,755 patients treated with RC for bladder
cancer between 1980 and 2020. Data are collected prospec-
tively by a trained nurse abstractor. Lymphadenectomy at the
time of RC was performed according to surgeon discretion. All
pathological specimens were reviewed by a single urological
pathologist for histological classification. Those with a known
VTE prior to RC were excluded. Follow-up was calculated
from date of RC to date of last known contact or death.

Exposure and Outcomes
The exposure of interest was perioperative blood transfusion,
which was defined as transfusion of allogenic red blood cells
either intraoperatively during RC or during the initial post-
operative hospitalization. To assess timing of perioperative
transfusion, it was operationalized as a 3-tiered variable in
accordance with prior literature: no transfusion, post-
operative transfusion alone, or intraoperative with or without
postoperative transfusion.15 Transfusion with other blood
products was not assessed. Indications for transfusion were
not standardized and were based on discretion of the treating
physicians.

The primary outcome was VTE within 90 days of RC.
Diagnosis of VTE was inclusive of both deep vein throm-
bosis (DVT) and pulmonary embolism (PE). Assessment for
VTE was based on symptomatic presentation and diagnosis

confirmed with conventional imaging that was standard at
the time. Routine screening for VTE in asymptomatic pa-
tients was not performed, although VTEs identified inci-
dentally on imaging done for other reasons were included.
As part of database maintenance, available outside records
are periodically reviewed by our nurse abstractor to cap-
ture 90-day outcomes that may have occurred outside of
our hospital system, and follow-up questionnaires are
routinely mailed to patients.

Perioperative VTE prophylaxis varied according to the
institutional standard at the time, but generally consisted of
sequential compression devices and subcutaneous unfrac-
tionated heparin while inpatient. In April 2013, we began
using intraoperative tranexamic acid,16 and inMay 2014, we
began prescribing outpatient extended duration VTE pro-
phylaxis with enoxaparin 40 mg per day until postoperative
day 28 in all patients without contraindications.17

Statistical Analysis
Continuous variables are reported with medians and inter-
quartile range (IQR), and categories with frequencies and
percents. Baseline characteristics were compared using the
Kruskal-Wallis test for continuous variables and the Chi-
squared test for categorical variables. Associations between
clinicopathological variables and 90-day VTE were assessed
using multivariable logistic regression. Selection of variables
for the multivariable models included all covariates with
P < .2 on univariate analysis, as well as variables deemed to
have a clinical correlation with VTE based on prior literature
and clinical reasoning. Patients with missing data were
excluded from multivariable models. Intraoperative blood
transfusion was analyzed separately as both a categorical
and as a continuous variable. An interaction term between
transfusion and decade of RC was added to each model.

Due to missing data in 40% of patients, number of lymph
nodes removed and operative time were not included in the
primary models. However, recognizing that extent of lym-
phadenectomy and operative time are potentially important
confounders in developing a VTE, we performed a sensitivity
analysis in the subset of patients for whom this information
was known. For all analyses, P � .05 was considered sta-
tistically significant. Statistical analysis was performed
using SAS, version 9.4 (SAS Institute Inc, Cary, North
Carolina).

RESULTS
Between 1980-2020, we identified 3,755 patients with
RC, of whom 162 (4.3%) experienced a VTE within 90
days of RC. The 162 VTE events included 89 (55%)
patients with DVT, 54 (33%) with PE, and 19 (12%)
with both DVT/PE. The median time from RC to VTE
was 32 days (IQR 15-52). A total of 2,112 patients
(56%) received a blood transfusion, of whom 1,540
(73%) patients received an intraoperative transfusion
(811 intraoperative alone, 729 intraoperative and
postoperative) and 572 (27%) patients received a
postoperative transfusion only. Among those who
received a transfusion, a median of 1 (range: 0-69,
IQR: 0-3) unit was transfused. Transfusions were
more common earlier in the series and were given to
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84% (652/780) of patients treated between 1980-1990
as compared to 39% (364/926) of patients treated from
2011-2020 (P < .001). Median follow-up among those
alive at last follow-up was 6.7 years (IQR 2.4-12.7).
90-day follow-up was available for 3,734 (99%) pa-
tients; of the 21 for whom this was not available, 20
died within 90 days of RC.

Table 1 summarizes clinical characteristics of our
study cohort. Of the 162 patients who experienced a
VTE, 65 (40%) had an intraoperative blood trans-
fusion and 20 (12%) had a postoperative transfusion
only. A comparison of clinical characteristics for the
162 patients who experienced a VTE, stratified by
receipt of a blood transfusion, can be found in Sup-
plementary Table 1 (https://www.jurology.com).

Among the 1,540 patients with an intraoperative
blood transfusion, 77 (5.0%) developed a VTE; of the
572 patients with only postoperative transfusion, 20
(3.5%) had a VTE; and among the 1,643 patients
without a transfusion, 65 (4.0%) had a VTE. After
adjusting for age, sex, Eastern Cooperative Oncology
Group performance status, cystectomy year, BMI, sur-
gical approach, receipt of neoadjuvant chemotherapy,
diversion type, length of stay, pathological tumor stage,
and nodal stage, intraoperative with or without post-
operative blood transfusion was associated with a
significantly increased risk of VTE (adjusted OR 1.73,
95%CI 1.17-2.56, P[ .002; Table 2). The addition of an
interaction term between cystectomy year and

intraoperative transfusion to the model was not statis-
tically significant (P [ .4), indicating that the associa-
tions observed in Table 2 can be applied to the entire
timeframe under study. When the number of units of
blood transfused intraoperatively was further analyzed
as a continuous variable, each unit of blood transfusion
was significantly associated with increased odds of 90-
day VTE (adjusted OR 1.07, 95% 1.01-1.13, P [ .03;
Table 3). The addition of an interaction term between
cystectomy year and number of intraoperative units
transfused was not statistically significant (P [ .5).

Sensitivity analysis was performed in the subset
of patients with available data on the total number
of lymph nodes removed at RC and operative time
(N [ 2,215), representing 59% of the overall cohort
(Supplementary Table 2, https://www.jurology.com).
Among these patients, 97 (4.4%) experienced a VTE
within 90 days of RC. Patients with a VTE were
observed to have a significantly higher number of
lymph nodes removed at RC, with amedian of 19 nodes
removed (IQR 9-25) compared to 12 nodes (IQR 6-21)
for those without a VTE (P< .001). Operative time was
significantly longer in patients who experienced a VTE,
with a median 304 minutes (IQR 255-359) compared to
317 minutes (IQR 256-360; P [ .005). In a multivari-
able model including nodal yield and operative time as
covariates, intraoperative with or without post-
operative blood transfusion remained significantly
associated with higher odds of a 90-day VTE (OR 1.90,

Table 1. Clinical Characteristics of Patients Under Study

No transfusion
(n[1,643)

Intraoperative with/without
postoperative transfusion (n[1,540)

Postoperative transfusion
only (n[572) P value

Age, median (IQR), y 67 (59-73) 69 (63-76) 69 (62-75) < .001
Sex, male, No. (%), 1,476 (90) 1,122 (73) 443 (77) < .001
ECOG performance status, No. (%) .8

0 1,441 (88) 1,099 (71) 440 (77) < .001
1 168 (10) 297 (19) 113 (20)
2þ 34 (2.1) 144 (9.4) 19 (3.3)

Cystectomy year, No. (%) < .001
1981-1990 128 (7.8) 556 (36) 96 (17)
1991-2000 429 (26) 315 (20) 154 (27)
2001-2010 524 (32) 440 (29) 187 (33)
2011-2020 562 (34) 229 (15) 135 (24)

BMI, median (IQR), kg/m2 28 (25-31) 27 (24-30) 27 (25-30) < .001
Smoking status, No. (%) .2

Never 344 (21) 361 (23) 128 (22)
Former 848 (52) 785 (51) 310 (54)
Active 451 (27) 394 (26) 134 (23)

Robot-assisted, No. (%) 177 (11) 14 (0.9) 16 (2.8) < .001
Lymph nodes, median (IQR), No. (n[2,822) 13 (7-22) 12 (5-20) 12 (6-20) < .001
Neoadjuvant chemotherapy, No. (%) 201 (12) 220 (14) 82 (14) .2
Continent diversion, No. (%) 521 (32) 189 (12) 140 (25) < .001
Pathological T stage, No. (%) < .001

<pT2 890 (54) 674 (44) 284 (50)
pT2 303 (19) 236 (15) 94 (16)
pT3, pT4 450 (27) 630 (41) 194 (34)

Pathological node positive, No. (%) 254 (16) 277 (18) 87 (15) .1
Operative time, median (IQR), min (n[2,373) 295 (248-349) 317 (265-370) 303 (260-364) < .001
Length of stay, median (IQR), d 8 (6-10) 10 (7-13) 9 (7-13) < .001

Abbreviations: BMI, body mass index; ECOG, Eastern Cooperative Oncology Group; IQR, interquartile range.
Analyses performed using Kruskal-Wallis test for continuous variables and c2 test for categorical variables.
Bolded values indicate statistical significance.
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95% CI 1.16-3.12, P [ .002). Results of this model are
summarized in Table 4.

DISCUSSION
In this single-institution cohort of patients undergoing
RC for bladder cancer, we observed that receipt of an
intraoperative blood transfusion was significantly
associated with being diagnosed with a VTE within
90 days of surgery. Each unit of blood transfused
intraoperatively was associated with 7% higher odds of
a 90-day VTE, and this association remained statisti-
cally significant with a similar point estimate on
sensitivity analysis including lymph node yield and
operative time in the model. This is the first study to
our knowledge to demonstrate a significant association
between intraoperative transfusion and risk of VTE
after RC when adjusting for disease-related variables
including disease stage, presence of nodal metastases,
and receipt of neoadjuvant chemotherapy, and sug-
gests that intraoperative transfusion be considered in
risk adjustment when assessing VTE as a quality
metric after RC. Clinicians should also recognize that
patients requiring intraoperative transfusion are at
higher risk of VTE, and could consider screening ul-
trasound, better patient education on signs/symptoms
of VTE, and use of extended duration VTE prophy-
laxis upon hospital discharge for these patients.

Several potential mechanisms may explain why
perioperative RBC transfusion has been implicated as
a risk factor for development of postoperative VTE.8

RBCs play a critical role in physiological hemostasis
via vessel wall adherence, platelet reactivity and
margination, alterations in fibrin structure, and mod-
ulation of nitric oxide.18 These effects are amplified by
RBC membrane asymmetry that occurs as a result of
enzymatic and oxidative injury during RBC storage,
resulting in an undesirable exposure of procoagulant
phospholipids at the time of transfusion.18 Addition-
ally, blood transfusion can stimulate the release of
inflammatory cytokines that further potentiate pro-
thrombotic events.7 When considered in conjunction
with previous observations that transfusion is associ-
ated with prolonged length of stay and an increased
risk of cancer-specific mortality after RC, adopting a
conservative approach toward blood transfusion for
RC patients appears prudent.11,15

The year of cystectomy was a significant risk fac-
tor for VTE in our study, with VTE found to be more
frequent in more recent decades. This is consistent
with previous data which demonstrated an increase
in incidence of VTE after major cancer surgery
around year 2000,19 and likely represents a mea-
surement bias due to development of more sensitive
diagnostic tests and higher index of clinical suspicion
over time. However, this observation is in contrast to
a recent series from 2011-2016 which demonstrated

Table 2. Multivariable Logistic Regression Model Evaluating

Association Between Perioperative Blood Transfusion and

Venous Thromboembolism Within 90 Days of Radical

Cystectomy

Adjusted odds
ratio (95% CI) P value

Age 1.02 (1.00-1.04) .056
Male sex 0.79 (0.52-1.18) .25
ECOG performance status
0 Ref.
1 0.78 (0.48-1.27) .6
2þ 0.81 (0.39-1.69) .8

Cystectomy decade
1981-1990 Ref.
1991-2000 1.35 (0.66-2.77) .4
2001-2010 2.83 (1.50-5.32) .001
2011-2020 4.10 (2.20-7.99) < .001

Body mass index 1.09 (1.06-1.12) < .001
Current or former smoker 1.01 (0.69-1.48) > .9
Robot-assisted 0.85 (0.44-1.63) .6
Neoadjuvant chemotherapy 1.27 (0.83-1.94) .3
Continent diversion 1.51 (1.001-2.27) .049
Pathological tumor stage
<pT2 Ref.
pT2 1.20 (0.74-1.94) .9
pT3, pT4 1.40 (0.95-2.06) .2

Pathological node positive 1.32 (0.88-2.01) .18
Length of stay 1.00 (0.99-1.01) .4
Blood transfusion
No transfusion Ref.
Postoperative transfusion alone 0.92 (0.55-1.58) .16
Intraoperative � postoperative transfusion 1.73 (1.17-2.56) .002

Abbreviations: CI, confidence interval; ECOG, Eastern Cooperative Oncology Group;
Ref., reference.
Bolded values indicate statistical significance.

Table 3. Multivariable Logistic Regression Model Evaluating

Association BetweenNumber of Units of Blood Transfused and

Venous Thromboembolism Within 90 Days of Radical

Cystectomy

Adjusted odds
ratio (95% CI) P value

Age 1.02 (1.001-1.04) .044
Male sex 0.75 (0.50-1.13) .17
ECOG performance status
0 Ref.
1 0.78 (0.48-1.27) .5
2þ 0.87 (0.42-1.80) > .9

Cystectomy decade
1981-1990 Ref.
1991-2000 1.15 (0.56-2.33) .7
2001-2010 2.52 (1.35-4.72) .004
2011-2020 3.49 (1.83-6.69) < .001

Body mass index 1.09 (1.06-1.12) < .001
Current or former smoker 1.00 (0.68-1.46) > .9
Robot-assisted 0.76 (0.40-1.45) .4
Neoadjuvant chemotherapy 1.36 (0.90-2.07) .15
Continent diversion 1.42 (0.95-2.14) .09
Pathological tumor stage
<pT2 Ref.
pT2 1.22 (0.75-1.97) > .9
pT3, pT4 1.45 (0.99-2.14) .14

Pathological node positive 1.33 (0.88-2.00) .18
Length of stay 1.00 (1.00-1.01) .4
Units of intraoperative blood transfused 1.07 (1.01-1.13) .03

Abbreviations: CI, confidence interval; ECOG, Eastern Cooperative Oncology Group;
Ref., reference.
Bolded values indicate statistical significance.
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VTE rates after RC have significantly decreased over
this more recent 5-year period.20 This recent
decrease is likely reflective of improved perioperative
care pathways including early ambulation, and in-
hospital and post-discharge VTE prophylaxis over
the past decade.21 The 40-year time period examined in
the current study likely prevented us from discerning
this more recent trend and likely explains these con-
trasting data.

BMI was also found to be significantly associated
with VTE in RC patients, which is consistent with
previous studies. Elevated BMI has been associated
with suboptimal prophylactic anticoagulant dosing.22

In a single-institution series, two-thirds of post-RC
patients were found to have subtherapeutic anti-
factor Xa levels after surgery, which was most pro-
nounced among obese individuals. Obese patients are
also predisposed to venous stasis, which incites acti-
vation of the endothelium and increases the risk of
VTE.23 This observation underscores the importance
of prophylactic measures against VTE for obese pa-
tients undergoing RC.

This study is limited by its retrospective nature. Sig-
nificant differences existed between patients with a VTE
who did receive a blood transfusion compared to those
with VTE who did not, including fewer robotic proced-
ures, higher Eastern Cooperative Oncology Group score,
and older age at surgery. Although these were adjusted

for in the multivariable models, other unmeasured con-
founders may persist between groupsdincluding the
presence of an indwelling port in patients who received
neoadjuvant chemotherapy. Length of stay was used as
a surrogate marker for ambulatory status and post-
operative morbidity and adjusted for. However, other
major complications that could have associations with
VTE were not adjusted for due to lack of statistical
power. Insufficient power similarly prevented us from
separately analyzing drivers of early and late post-
operative VTEs. Additionally, the retrospective nature
prohibited standardized criteria for obtaining diagnostic
testing for VTE. We acknowledge the likelihood of a
detection bias, as postoperative complications may have
increased rates of imaging and subsequent VTE diag-
nosis. Furthermore, we acknowledge that some of the
events reported in this study could have been VTEs that
were present preoperatively but were not detected until
the postoperative period. The overall rate of blood
transfusionwas high in this series (60%), reflective of the
time period studied, which may limit generalizability to
other practice settings. The study period was long, dur-
ing which changes to institutional VTE prophylaxis and
RBC storage and preservation techniques evolved, which
may have influenced the outcomes. Unfortunately, data
regarding VTE prophylaxis used were unavailable, and
despite the fact that all models were adjusted for cys-
tectomy year we could not account for all potential
variation in administration of VTE prophylaxis which
may have confounded results, including differences in
extended duration prophylaxis. Although outside records
are reviewed by our nurse abstractor and follow-up
questionnaires are routinely mailed to patients, we
acknowledge that we may have failed to capture some
VTE events that occurred outside of our hospital system,
particularly during the earlier years of the study. Addi-
tionally, the percent of patients who received neo-
adjuvant chemotherapy in this series was low, likely
reflective of temporal trends. Future study of an external
cohort is necessary to validate the findings herein.

Nevertheless, despite these limitations, we pre-
sent what is to our knowledge the first report to
show a significant association between intra-
operative blood transfusion and VTE after RC after
adjusting for disease-related factors. This relation-
ship was consistent when transfusion was modeled
as either a categorical or continuous variable and is
supported by a plausible biological rationale. These
data support incorporating intraoperative blood
transfusion in case mix adjustment when analyzing
VTE as a postoperative quality metric and should
remind surgeons to maintain a low threshold to
obtain imaging for VTE after RC. Furthermore,
these data suggest that surgeons strongly consider
use of pharmacological VTE prophylaxis in patients
with bleeding complications, a group in whom many
clinicians may be otherwise reluctant to consider

Table 4. Multivariable Logistic Regression Model Evaluating

Association Between Perioperative Blood Transfusion and

Venous Thromboembolism Within 90 Days of Radical

Cystectomy in the Subset of Patients With Known Operative

Time and Lymph Node Yield

Adjusted odds
ratio (95% CI) P value

Age 1.02 (1.00-1.04) .11
ECOG performance status

0 Ref.
1 0.52 (0.26-1.09) .07
2þ 1.19 (0.53-2.71) .3

Cystectomy decade
1981-1990 Ref.
1991-2000 0.77 (0.30-2.0) .6
2001-2010 1.45 (0.60-3.51) .4
2011-2020 1.98 (0.69-5.70) .2

Body mass index 1.09 (1.06-1.13) < .001
Neoadjuvant chemotherapy 1.76 (0.98-3.14) .3
Pathological tumor stage

<pT2 Ref.
pT2 1.26 (0.67-2.37) > .9
pT3, pT4 1.36 (0.81-2.27) .19

Pathological node positive 1.11 (0.64-1.92) .18
Number of lymph nodes removed 1.01 (0.99-1.03 .31
Operative time 1.00 (1.00-1.004) .061
Blood transfusion

No transfusion Ref.
Postoperative transfusion alone 0.78 (0.37-1.63) .10
Intraoperative � postoperative transfusion 1.90 (1.16-3.12) .002

Abbreviations: CI, confidence interval; ECOG, Eastern Cooperative Oncology Group;
Ref., reference.
Bolded values indicate statistical significance.
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this. Our findings emphasize the importance of ef-
forts to limit need for intraoperative transfusions,
including preoperative identification and correction
of anemia, optimization of anticoagulant status, and
selective use of evidence-based techniques including
intraoperative cell salvage, tranexamic acid infu-
sion, and/or a robotic surgical approach when
appropriate.24-26

CONCLUSIONS
Intraoperative blood transfusion was statistically
significantly associated with VTE within 90 days of
RC after adjusting for disease-related factors. Each
unit of blood transfused was associated with higher
odds of a VTE. Critical assessment of practices to
decrease the risk of intraoperative transfusion repre-
sent important areas for future study.
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