
Bladder Cancer 8 (2022) 315–327
DOI 10.3233/BLC-201534
IOS Press

315

Systematic Review

Systematic Review and Meta-Analysis
on the Role of Perioperative Blood
Transfusion in Patients Undergoing
Radical Cystectomy for Urothelial
Carcinoma

Maxim Kochergina,∗, Omar Fahmyb, Lisa Eskenc, Thorsten Goetzed, Evanguelos Xylinase,
Christian G. Stieff and Georgios Gakisg

aDepartment of Urology and Neurourology, BG Unfallkrankenhaus Berlin, Berlin, Germany
bDepartment of Urology, Universiti Putra Malaysia (UPM), Selangor, Malaysia
cDepartment of Urology and Pediatric Urology, Nordwest Hospital, Frankfurt am Main, Germany
dInstitute of Clinical Cancer Research, Nordwest Hospital, Frankfurt am Main, Germany
eDepartment of Urology, Cochin Hospital, APHP, Paris Descartes University, Paris, France
f Department of Urology, University Hospital Ludwig-Maximilians-University, Munich, Germany
gDepartment of Urology, University Hospital Würzburg, Würzburg, Germany

Received 12 January 2021
Accepted 22 April 2022
Pre-press 6 May 2022
Published 15 September 2022

Abstract.
BACKGROUND: Radical cystectomy (RC) is the standard of care in patients with muscle-invasive bladder cancer. The
impact of perioperative red blood cell (RBC) transfusion on oncological outcomes after RC is not clearly established as the
existing publications show conflicting results.
OBJECTIVES: The aim of this systematic review and meta-analysis was to investigate the prognostic role of perioperative
RBC transfusion on oncological outcomes after RC.
METHODS: Systematic online search on PubMed was conducted, based on PRISMA criteria for publications reporting
on RBC transfusion during RC. Publications with the following criteria were included: (I) reported data on perioperative
blood transfusion; (II) Reported Hazard ratio (HR) and 95%-confidence interval (CI) for the impact of transfusion on survival
outcomes. Primary outcome was the impact of perioperative RBC transfusion on recurrence-free survival (RFS), cancer-
specific survival (CSS) and overall survival (OS). Risk of bias assessment was performed using Newcastle-Ottawa Scale.
Statistical analysis was performed using Revman 5.4 software.
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RESULTS: From 27 primarily identified publications, 19 eligible articles including 22897 patients were selected. Periop-
erative RBC transfusion showed no impact on RFS (Z = 1.34; p = 0,18) and significant negative impact on CSS (Z = 2.67;
p = 0.008) and OS (Z = 3.22; p = 0.001). Intraoperative RBC transfusion showed no impact on RFS (Z = 0.58; p = 0.56) and
CSS (Z = 1.06; p = 0.29) and OS (Z = 1.47; p = 0.14).
Postoperative RBC transfusion showed non-significant trend towards improved RFS (Z = 1.89; p = 0.06) and no impact on
CSS (Z = 1.56; p = 0.12) and OS (Z = 0.53 p = 0.60).
CONCLUSION: In this meta-analysis, we found perioperative blood transfusion to be a significant predictor only for worse
CSS and OS but not for RFS. This effect may be determined by differences in tumor stages and patient comorbidities for
which this meta-analysis cannot control due to lack of respective raw data.

Keywords: Bladder cancer, blood transfusion, perioperative, radical cystectomy, red blood cells, outcome, urothelial carci-
noma

INTRODUCTION

Bladder cancer (BC) is the 11th most common
diagnosed cancer worldwide, with approximately
75% of cases accounting for non-muscle invasive dis-
ease [1]. Radical cystectomy (RC) is the mainstay
of treatment in patients with muscle-invasive bladder
cancer (MIBC) and in those with non-muscle inva-
sive bladder cancer (NMIBC) at (very) high risk of
recurrence [1, 2]. For patients, unfit for RC or opting
for bladder preservation, trimodal therapy is a further
therapeutic option [1, 2].

Patient age and performance status (including
comorbidities), tumour stage, perioperative chemo-
therapy, resection margins, extent of lymphadenec-
tomy, surgeon and hospital volume are accepted
outcome predictors in patients with urothelial carci-
noma undergoing RC [1–5].

A number of previously published studies exam-
ined the prognostic role of perioperative blood
transfusion (PBT) on outcome after RC [6–25]. Some
studies reported a significant negative impact on
oncological outcomes [6, 7, 10–12, 21, 23]. In con-
trast, other studies could not confirm this hypothesis
in their populations [9, 13, 14, 16, 18–20, 22, 24].
Some authors demonstrated that the choice of statis-
tical model might significantly influence the results
[16]. Other studies postulated that only intraopera-
tive blood transfusion has a significant impact on
the oncological outcomes [6, 8, 18]. Thus, the exist-
ing evidence remains controversial. Because of the
substantial clinical relevance of this issue, we per-
formed a systematic review and meta-analysis of the
existing studies on the impact of PBT on oncological
outcomes after RC in patients with BC.

METHODS

Search strategy

Based on PRISMA statement [26], two authors
(MK, LE) conducted independent systematic online
search in PubMed database [27]. The following key-
words were used for search: radical cystectomy,
bladder cancer, urothelial carcinoma, blood transfu-
sion, outcome, perioperative. The retrieved results
by the two authors underwent full-text assessment.
Suitable publications were subjected to full-text
assessment including a manual search in their ref-
erence lists. In case of any discrepancies on literature
findings between both authors, a third author was
consulted (GG). Publications, which met the fol-
lowing criteria, were included: (I) reported data on
perioperative blood transfusion, (II) reported Hazard
ratio (HR) and 95%-confidence interval (CI) for the
impact of PBT on survival outcomes or presence of
Kaplan-Meier curve for survival outcome based on
the presence or absence of PBT. Publications which
met one of the following criteria were excluded:
(I) absence of HR and 95% CI, or Kaplan-Mayer
curve, (II) review articles, (III) editorial comments
or letters to editor, (IV) repeated publications on the
same cohort (unless complementary data could be
extracted without double counting of the patients in
the total number of this study. PBT was defined as
transfusion of whole blood, or packed red blood cells
24 hours before, or during surgery or, postopera-
tively before discharge of the patient. The CONSORT
diagram for the selection process is present at
Fig. 1.
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Fig. 1. CONSORT diagram for the selection process of the
included studies. ∗Repeated publications were added when com-
plementary data was present in 2 articles, without double counting
the cohort in the total number of patients.

Data extraction

The following variables were extracted indepen-
dently by three authors (MK, OF, LE): number of
the patients who underwent RC, gender, age, time
interval of the study cohort, duration of follow up,
recurrence free survival (RFS), cancer specific sur-
vival (CSS), overall survival (OS). Hazard ratio (HR)
and 95%-confidence interval (CI) for the following
factors based on multivariate analysis. HR and 95%CI
for the impact of perioperative transfusion on OS
were extracted from Kaplan Meier curves using Tier-
ney’s method [28].

Outcome measures

The primary outcome of this analysis was the
impact of perioperative, intraoperative and postop-
erative blood transfusion on RFS, CSS and OS after
RC.

Statistical analysis

This meta-analysis was conducted using Review
Manager (RevMan) software version 5.4 (The
Nordic Cochrane Centre, The Cochrane Collabora-
tion, Copenhagen). Log HR and standard error (SE)
of the extracted HR were used in the pooled analy-
sis. Fixed effect model was used when I2 value was
less than 50% to minimize the effect of heterogeneity
between the included studies.

Risk of bias assessment

Newcastle-Ottawa Scale [29] was used to assess
the risk of bias of the included studies. The studies
were categorized as having low, moderate or high risk

of bias based on the following scores, ≥7–9, 4–6, <4
respectively.

RESULTS

Search results and patient criteria

In this systematic review and meta-analysis, 19
studies were finally included [6–24]. A CONSORT
diagram is provided in (Fig. 1) to demonstrate the
selection process.

A total number of 22893 patients (17963 men,
78% and 4704 women, 22%) underwent RC and were
involved in the pooled analysis. 9690 (42%) patients
received perioperative blood transfusion. The sum-
mary of the included studies is provided in Table 1.

All the included studies were categorized as low
risk of bias, but only one, demonstrated intermediate
risk [22]. (see Table 2)

Impact of transfusion on RFS

Analysis of the impact of perioperative blood trans-
fusion on RFS was conducted on 6 studies [10, 11,
13, 15, 23, 24], including 8710 patients. It displayed
a trend towards higher risk of disease recurrence,
however no significant impact (z = 1.34, p = 0.18) was
found (Fig. 2 a).

Analysis of the impact of intraoperative and
postoperative transfusion, separately, was conducted
from 3 studies [6, 9, 17, 30], including 2876 patients.
Intraoperative transfusion displayed no significant
impact on RFS (z = 0.58, p = 0.56), while postop-
erative transfusion displayed non-significant trend
towards better RFS (z = 1.89, p = 0.06). (Fig. 2, b
and c).

Impact of perioperative transfusion on CSS

11 studies [7, 8, 10, 11, 13, 15, 18, 20–22, 24]
were involved in the analysis of PBT impact on CSS
including 17851 patients. It significantly displayed
worse CSS (z = 2.67, p = 0.008) (Fig. 3 a).

4 studies with 3598 patients were included in the
analysis of the impact of intraoperative and postop-
erative transfusion [6, 7, 9, 17, 30]. Both displayed
no significant impact on CSS (z = 1.06, p = 0.29 &
z = 1.56, p = 0.12, respectively) (Fig. 3, b and c).

Impact of transfusion on OS

For perioperative transfusion impact on OS, 14
studies including 20439 patients were included in
the analysis [8, 10, 11, 13–16, 18–24]. Significant



318 M. Kochergin et al. / Systematic Review and Meta-Analysis on the Role of Perioperative Blood Transfusion

Table 1
Newcastle-Ottawa Scale for risk of bias assessment of the included studies (scores ≥ 7-9, 4-6, < 4 are considered as low, intermediate, and

high risk, respectively)

Study Type∗ Selection Comparability Outcome Overall

Represen- Selection Ascertain- Outcome Assess- Adequate Adequacy
tativeness of ment of not ment of follow-up of
of exposed non- exposure present outcome length follow-up

cohort exposed at start

Abel 2014 [6] R,M ∗ ∗ ∗ ∗ ∗ ∗ 6/9
Buchner 2017 [7] R,S ∗ ∗ ∗ ∗ ∗ ∗ ∗ 7/9
Chalfin 2016 [8] R,S ∗ ∗ ∗ ∗ ∗∗ ∗ ∗ 8/9
Chipollini 2017 [9] R,S ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ 8/9
Furrer 2018 [10] R,S ∗ ∗ ∗ ∗ ∗∗ ∗ ∗ ∗ 9/9
Gerschman 2016

[11]
R,S ∗ ∗ ∗ ∗ ∗∗ ∗ ∗ ∗ 9/9

Gierth 2014 [12] R,S ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ 8/9
Kluth 2014 [13] R,M ∗ ∗ ∗ ∗ ∗ ∗ ∗ 7/9
Lee 2015 [14] R,S ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ 8/9
Linder 2013 [15] R,S ∗ ∗ ∗ ∗ ∗ ∗ ∗ 7/9
Morgan 2013 [16] R,S ∗ ∗ ∗ ∗ ∗ ∗ ∗ 7/9
Moschini 2015 [18] R,S ∗ ∗ ∗ ∗ ∗∗ ∗ ∗ ∗ 9/9
Moschini 2016 [17] R,S ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ 8/9
Rivas 2016 [19] R,S ∗ ∗ ∗ ∗ ∗∗ ∗ 7/9
Sadeghi 2012 [20] R,S ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ 8/9
Siemens 2017 [21] R,S ∗ ∗ ∗ ∗ ∗ ∗ ∗ ∗ 8/9
Soubra 2015 [22] R,LDB ∗ ∗ ∗ ∗ ∗ ∗ 6/9
Syan-Bhanvadia

2017 [23]
R,S ∗ ∗ ∗ ∗ ∗ ∗ ∗ 7/9

Vetterlein 2018 [24] R,M ∗ ∗ ∗ ∗ ∗ ∗ ∗ 7/9
∗Types of the studies: R = Retrospective, M = Multi-institutional, S = Single-institutional, LDB = Large Data Base based study.

negative impact on OS was detected (z = 3.22, p =
0.001), (Fig. 4 a).

Analysis from 4 studies with 3226 patients [6, 9,
12, 17, 30] for the effect of intraoperative transfu-
sion displayed no significant impact on OS (z = 1.47,
p = 0.14). From the same former 4 studies, postoper-
ative transfusion displayed almost no impact on OS
(z = 0.53, p = 0.60), (Fig. 4, b and c).

DISCUSSION

The impact of PBT on outcomes has been ini-
tially investigated many years ago. In 1973, Opelz
et al observed the beneficial effect of allogenic
blood transfusion (BT) on kidney transplants, and
suggested immunomodulatory effects [31]. This ben-
eficial effect (preventive effect on disease recurrence)
was also observed in patients with Crohn‘ s disease
[32–34], although later studies could not confirm it
[35, 36]. Other studies postulated a possible unfa-
vorable effect of perioperative BT on the course of
oncological diseases [37–39]. Various study groups
showed that PBT exerts a negative effect on patients
with some cancer entities. The negative effect of
PBT on oncological outcome has been observed

for oesophageal [40], gastric [41], primary and
metastatic colorectal [42–44], hepatocellular [45],
pancreatic [46] and lung [47] cancer, as well. Yet,
this effect could not be observed for other cancer
types like breast cancer [48], cervical cancer [49] or
prostate cancer [50]. For BC conflicting results have
been published over the last twenty years. We tried to
identify all the relevant publications on this issue and
performed our systematic search without time frame.
Among 27 publications which met our inclusion cri-
teria, 8 were excluded for above mentioned reasons
and 19 were finally included in the analysis.

The study of Jahnson et al. [25] seems to be the first
one which addressed the impact of PBT on oncolog-
ical outcomes after RC for BC. The authors did not
observe an adverse impact of the number of units
(< 6 vs. ≤ 6) of packed red blood cells (RBC) on
oncological outcomes. This study was excluded for
three reasons. First, there was no group without BT
as comparator. Second, the definition of periopera-
tive transfusion included the time frame of two weeks
preoperatively to 4 weeks postoperatively and third,
the majority of patients received neoadjuvant radia-
tion therapy, which is not supported by international
guidelines for many years [1].
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Table 2
Overview of studies included in the meta-analysis

Study Period Sample size
(PBT/no PBT)

Follow-up Result Differences between
groups

Other issues

Abel, 2014 [6] 2003–2012 360 (241/119) 18.7 m Sign. impact on RFS,
CSS, OS

Sign. worse tumour
stage, ECOG and age
in PBT group

Patients with CTx
excluded, median
V = 2 U

Buchner, 2017
[7]

2004–2014 722 (317/405) 26 m Sign. impact on CSS Unclear Only 13 pts. received
CTx, median V = 2 U,
sign.
dose-dependency

Chalfin, 2016
[8]

2010–2013 115 (65/50) 7.8 m Sign. impact on CSS
and OS only for iop
BT

Unclear Cisplatin-based NAC in
all patients, V > 2 U
with sign. impact on
morbidityno impact for peri- or

postoperative BT
Chipollini,

2017 [9]
2008–2015 1026 (341/685) 27.5 m No sign. impact on

RFS, CSS and OS
Sign. worse tumour

stage in PBT group
Different NAC, median

V = 2 U
Furrer, 2018

[10]
2000–2015 885 (267/618) 39 m Sign. impact on RFS,

CSS and OS
Sign. worse tumour

stage and
comorbidities in PBT
group

30% of pts. RBC + FFP,
NAC and AC, median
V = 2 U

Gerschmann,
2016 [11]

1980–2008 2086 (1263/823) 11 y Sign. impact on CSS
and OS, no sign.
impact on RFS

Unclear 14,7 % of pts. with
NAC and/or AC, V
not provided

Gierth, 2014
[12]

1995–2010 350(219/131) 70.1 m Sign. impact on RFS
and OS

Sign. worse tumour
stage in PBT group

No NAC and no data
for AC in included
pts., sign.
dose-dependency (1-2
vs. > 2 U)

Kluth, 2014
[13]

1998–2010 2895 (1128/1767) 36.1 m No sign. impact on
RFS, CSS and OS

Sign. worse tumour
stage in PBT group

No NAC and 23% AC
in included pts.

V not provided
Lee, 2015 [14] 1991–2012 432 (315/117) 35 m (pts.

with
PBT)

No sign. impact on CSS
and OS; sign. impact
on OS (but not CSS),
if PBT > 4 U

Comparable 11% NAC and 25% AC
in included pts.,
median V = 4 U, sign.
impact on OS (but not
CSS) if PBT > 4 U

44 m (pts.
with no
PBT)

Lindner, 2013
[15]

1980–2005 2060 (1279/781) 10.9 y Sign. impact on RFS,
CSS and OS

Sign. worse tumour
stage, ECOG, age in
PBT group

6% NAC, 8% AC,
median V = 2 U, sign.
dose-dependency

Morgan, 2013
[16]

2000–2008 777 (323/454) 25 m Sign. impact and no
sign impact on OS in
2 multivariate models

Sign. worse tumour
stage, comorbidities,
age in PBT group

3% NAC, pts. with
preop. RT
excluded,no data on
AC, median V = 2 U,
sign.
dose-dependency (1-2
vs. 3-4 vs. > =5)

Moschini,
2015 [18]

1990–2013 1490 (580/910) 110 m Sign. impact on RFS,
CSS and OS for iop
or iop + pop BT

Comparable 3% NAC, 26% AC, V
not provided

no impact for pop BT
only

Moschini,
2015 [30]

– – – No sign. impact on CSS
and OS for PBT, only
sign. impact in pat.
without anemia

Comparable 3% NAC, 26% AC, V
not provided

Rivas, 2016
[19]

2005–2012 218 (35/183) No sign. impact on OS Sign. worse tumour
stage in PBT group

37% “perioperative
CT”, V not
documented

(Continued)
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Table 2
(Continued)

Study Period Sample size
(PBT/no PBT)

Follow-up Result Differences between
groups

Other issues

Sadeghi, 2012
[20]

1989–2010 638 (209/429) 25.5 m No sign. impact on CSS
and OS in MVA

Sign. worse tumour
stage in PBT group

NAC 12%, AC 12%,
median V = 2 U, no
sign.
dose-dependency (1
vs. 2 vs. > = 3)

Siemens, 2017
[21]

2000–2008 2593 (1608/985) Sign. impact on CSS
and OS

Sign. worse tumour
stage, comorbidity,
age in PBT group

AC 17%, pts. with NAC
and preop. radiation
excluded, V not
provided

Soubra, 2015
[22]

1992–2009 5462 (1139/4323) 21 m No sign impact on CSS
and OS

Comparable, with
exception of sign. age
difference

Pts. with NAC, AC and
postop. radiation
included. NAC in
5–18% depending on
the year of surgery
(1992-2008)

V not documented
Syan-

Bhanvadia,
2017 [23]

2010–2014 173 (46/127) 3.1 y Sign. impact on RFS
and OS

Sign. worse
comorbidity and
tumour stage in PBT
group

34% NAC, 10% AC,
median V = 2

Vetterlein,
2018 [24]

2011 611 (315/296) 26 m No sign. impact on
RFS, CSS and OS

Sign. worse age,
comorbidity and
tumour stage in PBT
group

2% NAC, 18% AC,
median V = 2 U

Abbreviations: RFS – recurrence-free survival, CSS – cancer-specific survival, OS – overall survival, CT – chemotherapy, NAC – neoadjuvant
chemotherapy, AC – adjuvant chemotherapy, V – volume of transfusion, U – unit, PBT – perioperative blood transfusion, MVA – multivariate
analysis, iop – intraoperative, pop – postoperative, m – months, y – years, and pts. – patients.

Wang et al. [51] published 2015 the first system-
atic review and meta-analysis concerning impact of
BT on oncological outcome after RC. The analysis
included 7080 patients from 6 retrospective studies
(all but one multicenter) with intermediate to high
methodological quality (NOS ≥ 6) of the period from
2012 to 2014. The authors could demonstrate a sig-
nificant negative impact of PBT on RFS (based on 3
studies), CSS (based on 4 studies) and OS (based on
6 studies).

Cata et al. [52] published 2016 the second sys-
tematic review and meta-analysis to this topic with
8 retrospective studies (3 additional studies com-
pared to above mentioned review of Wang et al.), that
included a total of 15 655 patients and were published
between 2012 and 2015. All the included studies were
retrospective with moderate to good methodologi-
cal quality (NOS ≥ 7) including also one multicenter
study. A significant negative impact of PBT on RFS
(based on 5 studies), CSS (based on 7 studies) and
OS (based on 8 studies) could be demonstrated.

In our review, we included 19 studies published
between 2012 and 2018. All the studies from both
previous reviews were included and the additional
11 studies were identified. To our knowledge, we

included all the studies of the PubMed database, suit-
able for meta-analysis and dealing with perioperative
BT in RC patients, with a total of 22897 patients.

All the included publications were retrospective,
16 as single-center [7–12, 14–23, 30] and three as
multi-center [6, 13, 24] studies. Of note, no prospec-
tive studies were identified. The included studies
showed relevant heterogeneity. Most studies defined
perioperative blood transfusion as administration
of blood cells either intra- and/or postoperatively.
Sadeghi et al included also patients with preoperative
blood transfusion [20]. The definition of “postop-
erative” was in the majority of studies between
surgery and discharge. Furrer et al included patients
with blood transfusion within 24 h after surgery only
[10].

Ten of 19 selected studies found a significant neg-
ative impact of BT on CSS and/or OS (Table 1) [6,
7, 10–12, 15, 16, 18, 21, 23]. Two of these studies
found this effect only in intraoperative (or intraop-
erative + postoperative) setting [6, 18], and not for
perioperative or only postoperative blood transfusion.
One of these studies [16] that used two different mod-
els of multivariate analysis found a significant impact
of PBT on outcome in one model but could not con-
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a) Perioperative

b) Intraopera�ve

c) Postopera�ve

Fig. 2. Impact of RBC transfusion on RFS in peri-, intra- and postoperative setting.

firm it in another model. In 7 of 10 studies the blood
transfusion group had significantly worse tumor stage
and/or age and comorbidities [6, 10, 12, 15, 16, 21,
23]. In 2 studies the difference in age, comorbidities
and tumor stage between two groups was not clear
[7, 11] and in only one study the groups were similar
[18].

Eight of 19 studies found no significant impact
of PBT on oncological outcomes in patients with
RC [9, 13, 14, 18–20, 22, 24]. The study of Mos-
chini et al found a significant impact of perioperative
blood transfusion only for patients without preoper-
ative anemia [18].

In the pooled analysis on a relevant amount of
patients for perioperative blood transfusion we could
not confirm a significant negative effect on RFS,
which is new and deviates from the results of two
prior meta-analyses [51, 52]. We also observed a
significant negative impact on CSS and OS for
the transfusion in perioperative setting. We tried to
identify the impact of timing of the blood transfusion.

Based on 4 eligible studies [6, 7, 9, 17, 30] we could
not confirm a significant negative impact of intraoper-
ative (with or without postoperative) or postoperative
only BT on RFS, CSS and OS. A possible explanation
of the significant effect of PBT (which is per defini-
tion intra and/or postoperative, as the proportion of
patients with preoperative BT in the included stud-
ies was negligible) on oncological outcomes and no
significant effect of intraoperative only or postopera-
tive only is that the number of studies included in the
latter analysis was much lower. The interpretation of
the significant impact of PBT might be related to the
significantly advanced tumor stage and higher comor-
bidities that were observed in the majority of included
studies, despite the independent outcome effect of
PBT in multivariate analyses. Due to lacking of raw
data, the propensity matching and/or adjustment for
this variables was unfortunately not possible. Other
possible previously postulated factors influencing the
outcome might be the volume of blood transfusion
and the perioperative chemotherapy.
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a) Perioperative

b) Intraopera�ve

c) Postopera�ve

Fig. 3. Impact of RBC transfusion on CSS in peri-, intra- and postoperative setting.

The data concerning the number of RBC units
were very heterogeneous among included studies.
Many publications provided no data on volume of
transfused RBC [11, 13, 17–22]. Some publications
reported the average transfused volume of 2 units
[6, 9, 10, 15, 23, 24] but did not evaluate the effect
of transfusion volume on outcome. Several studies
found a volume-associated effect of transfusion but
had different cut-offs of 2 [7, 8, 12, 15] and 4 units of
RBC [14]. Sadeghi et al. [20] found no influence of
transfusion volume on oncological outcome. Thus,
due to limited and heterogeneous data on impact
of transfusion volume and presence of other con-
founding factors, it is difficult to make a definitive
conclusion on confounding factors.

Perioperative chemotherapy is another issue, influ-
encing oncological outcome and a possible source of
bias. The data on neoadjuvant (NAC) and adjuvant
(AC) chemotherapy in included studies are sum-
marized in the Table 2. Here we are able to see
a substantial variability, with (I) studies, that com-
pletely excluded patients with chemotherapy [6],
(II) studies, that excluded patients with NAC [12,
13, 21] and (III) studies, in which all the patients
received NAC [8]. Other studies included patients
with NAC and/or AC in different proportion of
patients (s. Table 2), which might also have biased the
results.

Furthermore, the regimen of perioperative chemo-
therapy, preoperative hemoglobin level, complex-
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a) Perioperative

b) Intraopera�ve

c) Postopera�ve

Fig. 4. Impact of RBC transfusion on OS in peri-, intra- and postoperative setting.

ity of surgery, surgeons experience, intraoperative
blood loss, different management and care path-
ways for administration of RBC in different clinical
centers with resulting lack of standardization and
evidence-based guidelines may also play an addi-
tional role (the indication for perioperative blood
transfusion was often based on individual clinicians
decision).

Altogether, due to retrospective design and rele-
vant heterogeneity of included studies, our systematic
review has significant limitations as outlined above.

Nonetheless, we consider this review to repre-
sent the most updated evidence available on the

association (but not the causation) between periop-
erative blood transfusion and oncological outcome
of patients undergoing RC.

On the other hand, it is without any doubt that,
in case of planed major surgery, the condition of
every patient should be optimized (diet improvement,
correction of anemia, cardiorespiratory functions,
etc.). The preoperative autologous blood preparation
should be considered, if possible. Surgery must be
performed in experienced centers and the intraopera-
tive blood loss must be minimized as much as possible
[53, 54]. Additionally some established periopera-
tive practices, traditionally used in patients, generally
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refusing blood transfusions, might also be helpful
[55, 56].

Importantly, the indication for blood transfu-
sion has changed over the investigated period with
increasingly restricted usage of blood transfusions
under consideration of individual risks [57–59]. This
development was observed in many medical fields.
The non-inferiority of restrictive vs. liberal strat-
egy was demonstrated for non-cardiac [58] surgery,
hip replacement [64], ICU-patients [66, 67] and
patient with gastrointestinal bleeding [68]. In car-
diac surgery, the TITRe2 (Transfusion Indication
Threshold Reduction) trial raised concerns about
the non-inferiority of restrictive transfusion due to
statistically significant increase in mortality rates
(4.2% in restrictive vs. 2.6% in liberal transfusion
arm) [65]. In 2017, Mazer et al. [72]. demon-
strated in the TRICS-III (Transfusion Requirements
in Cardiac Surgery) trial that enrolled 5,243 adults
who underwent cardiac surgery in 19 countries the
non-inferiority of restrictive vs. liberal transfusion
(composite outcome in 11.4% vs. 12.5% in restric-
tive and liberal groups respectively). Transfusion
thresholds were < 7,5 mg/dL for restrictive group in
both above mentioned studies and < 9 or < 9,5 mg/dL
for liberal group in the TITRe2 and TRICS-III trial
respectively. But despite the relatively high level of
evidence, the assessment of transfusion thresholds in
patients with acute coronary syndromes is still ongo-
ing (NCT02981407 Trial on Myocardial Ischemia
and Transfusion [MINT] trial is still recruiting).

In case of bleeding modern algorithms of bleeding
management should be used. The rising popularity
achieve today patient blood management programs
[60], that may change common practice patterns and
reduce the necessity of allogenic perioperative blood
transfusion [61–63].

Assuming all these aspects, it is definitely impor-
tant to perform a new evaluation of practical relevance
of this topic, taking modern treatment guidelines of
bladder cancer [53], and state-of-the art clinical prac-
tice of perioperative transfusion into consideration.

CONCLUSION

This meta-analysis found perioperative blood
transfusion to exert an adverse impact on CSS and
OS but not for RFS. This effect may be determined
by differences in tumor stages and patient comorbidi-
ties for which this meta-analysis cannot control due
to lack of respective raw data. Further studies, ide-

ally with randomized controlled prospective design
are required to address this issue.
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