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Abstract

Objectives: To evaluate the rate of perioperative complications after plasmakinetic bipolar and monopolar
transurethral resection of bladder tumor (BTURB and MTURB). In addition, the study identifies patient and
procedure characteristics associated with early complications.
Patients and Methods: Retrospective review was conducted on patients undergoing transurethral resection of
bladder tumor procedures at a single institution from 2003 to 2013 to assess the 30-day complication rates
associated with BTURB and MTURB.
Results: Four hundred twenty-seven patients met inclusion criteria and underwent 586 procedures (379 BTURB
and 207 MTURB). Baseline patient demographics, tumor stage, and tumor grade were similar in BTURB and
MTURB cohorts. The overall complication rate was 34.3% for MTURB and 26.7% for BTURB. The most
frequent complications were acute urinary retention (AUR) 11%, hematuria 8%, and urinary tract infection
(UTI) 7%. There was no statistical difference in rates of AUR, hematuria, UTI, or readmission for continuous
bladder irrigation or hemostasis procedures between BTURB and MTURB cohorts. There was a trend toward
lower perforation rate during BTURB (2.6% vs 5.8%). In multivariate logistic regression analysis, MTURB,
male gender, and large resections were predictive of overall complications. Male gender was associated with
hematuria and AUR. Large bladder tumor resection size was also associated with increased risk of overall
complications and AUR.
Conclusion: BTURB was associated with a lower risk of overall complications, but there was no difference in
the rate of hematuria in the two cohorts. Male gender and large tumor size are associated with higher risk of
early complications.
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Introduction

In 2014, there were an estimated 74,690 new cases of
bladder cancer (BC) diagnosed in the United States,

making it the fourth most common cancer in men and 11th
most common in women.1 Transurethral resection of bladder
tumors (TURB) is the initial procedure performed for all new
bladder cancer diagnoses for pathological staging and grad-
ing. It also serves as definitive treatment for nonmuscle-
invasive tumors, the latter representing greater than 75% of
new cases of BC.2

The technology utilized for TURB has evolved over time.
Monopolar cautery, which requires external patient ground-
ing and nonconductive irrigation solution (water, glycine,

sorbitol, or mannitol), was the modality historically utilized
for TURB (MTURB). After its introduction in the early
2000s, many urologists have adopted plasmakinetic bipolar
resection technology. The principle advantage of bipolar
resection technology is the ability to perform transurethral
procedures with isotonic saline irrigation, thus avoiding the
risk of transurethral resection (TUR) syndrome. Studies in
the transurethral resection of the prostate (TURP) literature
have demonstrated comparable complication rates between
monopolar and bipolar resection, with increasing evidence
supporting fewer bleeding events and absence of TUR syn-
drome with bipolar resection.3–5

To date, there are limited data as to whether plasmakinetic
bipolar cautery (BTURB) confers any advantage in patients
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undergoing TURB. To better understand the adverse events
following TURB, we performed the largest single-center
retrospective review to date comparing outcomes from
monopolar and plasmakinetic bipolar TURB. In addition, the
study identified patient and procedure characteristics asso-
ciated with an increased risk of early postoperative compli-
cations after TURB.

Patients and Methods

After institutional review board approval, all TURB pro-
cedures performed at our academic institution from January
1, 2003 to April 30, 2013 were reviewed. The data collected
included patient demographics, procedure characteristics,
pathology results, adverse events, and subsequent interven-
tions within 30 days of TURB.

All procedures were performed by academic staff urolo-
gists with the assistance of resident physicians. Perioperative
antibiotics were administered in all cases based on preoper-
ative urine cultures. TURB was performed as an outpatient
surgery unless there was concern for perioperative adverse
events secondary to patient comorbidities or intraoperative
findings. Cases were excluded from analysis if an additional
concurrent surgical procedure was performed, if a true re-
section was not performed (i.e., if a cold-cup biopsy was
performed followed by simple fulguration), there was known
concomitant upper tract tumor, or medical records were in-
complete.

All MTURB procedures were performed with a 26F or 28F
continuous flow Iglesias resectoscope sheath, bladder resec-
tion loop, and the Valley Lab Force FX� electrosurgical
generator (Covidien, Minneapolis, MN) on the factory-
recommended settings for TURB (100–170 W for cut and
70–120 W for coagulation). All BTURB procedures were
performed with the Gyrus ACMI Bipolar Plasmakinetic Tissue
Management System (Olympus, Southborough, MA) contin-

uous flow resectoscope and bladder resection loop. At the
beginning of the study period, all procedures were MTURB
until our first BTURB case was performed in 2004. The dis-
tribution of resection type over time is illustrated in Figure 1.
Throughout the study period, one surgeon continued to use
MTURB for all cases. Among the other surgeons, there was no
selection bias for resection modality based on tumor size or
patient comorbidity as BTURB was used routinely by the
conclusion of the study period.

The primary outcome measure was overall complication
rate for MTURB and BTURB within 30 days of surgery.
Hematuria was classified as a clinically relevant complica-
tion if severe enough to warrant urethral catheter placement
for manual irrigation, continuous bladder irrigation, or a
secondary hemostasis procedure. Acute urinary retention
(AUR) was defined as a complication if the patient devel-
oped acute retention necessitating urethral catheter place-
ment. Planned urethral catheter placement at the conclusion
of TURB was not considered a complication. Urinary tract
infection (UTI) was defined by patients complaining of new
lower urinary tract symptoms and urine culture growing >105

colony-forming units of bacteria. Dysuria was considered a
complication when, in the absence of UTI, symptoms were
severe enough to warrant initiation of an anticholinergic
medication. Cases of bladder perforation were recognized
intraoperatively. The overall complication rate was defined
as the sum of these surgical complications as well as car-
diopulmonary, renal, and other medical complications con-
sequent to TURB within 30 days of surgery.

Patient-procedure baseline characteristics and outcomes
were compared between BTURB and MTURB groups using
Wilcoxon rank-sum tests for continuous variables and Fish-
er’s exact tests for categorical variables. Multivariable lo-
gistic regression was used to model each binary outcome (all
complications, hematuria, AUR, and UTI) separately. Each
model was fit using generalized estimating equations to

FIG. 1. Distribution of
cautery type over time during
study period.
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account for within-subject correlation for patients with
multiple procedures. The procedure type (BTURB vs
MTURB) was the primary predictor variable. These models
also controlled for age, sex, American Society of Anesthe-
siologists (ASA) score, tumor stage, tumor size, anticoagu-
lant or antiplatelet medication use, and surgery completion
status. All statistical analyses were performed using R ver-
sion 3.1.0 (R Foundation for Statistical Computing, www.R-
project.org). All p-values were two sided and p < 0.05 was
considered statistically significant.

Results

During the study period, 427 patients underwent 586
TURB procedures (207 MTURB, 379 BTURB). The ma-
jority of patients underwent one TURB procedure (n = 320,
75%). Patient characteristics and tumor size, stage, and
grade are reported in Table 1. Mean patient age was 69 years
and 31% were women. ASA score was significantly higher
in the BTURB group, but the remainder of patient charac-
teristics was similar in MTURB and BTURB cohorts.

Table 1. Baseline Patient and Procedure Characteristics

All MTURB BTURB p

n 586 207 379
Mean age in years (range) 69 (22–101) 69 (22–101) 69 (29–100) 0.940
Women, n (%) 180 (31) 60 (29) 120 (32) 0.500
Mean ASA score 2.7 2.63 2.74 0.011

TURB per patient during study period, n (%)
1 320 (74.9)
2 75 (17.6)
‡3 32 (7.5)

Preoperative anticoagulant or antiplatelet
medication, n (%)

232 (40) 73 (35) 159 (42) 0.133

Size of bladder tumor resection, n (%) 0.629
Small: 0.5–2.0 cm 265 (45) 97 (47) 168 (44)
Medium: 2.0–5.0 cm 215 (37) 70 (34) 145 (38)
Large: >5.0 cm 104 (18) 38 (19) 66 (17)

Complete resection, n (%) 540 (92) 193 (93) 347 (92) 0.523
Muscle invasion, n (%) 0.183

Noninvasive 498 (85) 170 (82) 328 (87)
Muscle Invasive 88 (15) 37 (18) 51 (13)

Pathology 0.341
Benign, n (%) 79 (13.9) 31 (15.6) 48 (13.0)
PUNLMP 26 (4.6) 12 (6.0) 14 (3.8)
Low-grade urothelial carcinoma 179 (31.5) 62 (31.1) 117 (31.6)
High-grade urothelial carcinoma 222 (39.0) 72 (36.2) 150 (40.5)

Planned postoperative urethral catheter, n (%) 288 (49.1) 122 (58.9) 166 (43.8) 0.0005

ASA = American Society of Anesthesiology; BTURB = bipolar transurethral resection of bladder tumor; MTURB = monopolar
transurethral resection of bladder tumor; PUNLMP = papillary urothelial neoplasm of low malignant potential.

Table 2. Results of Univariate Analysis

All (%) MTURB (%) BTURB (%) p

Any complication 172 (29.4) 71 (34.3) 101 (26.7) 0.058
Hematuria 46 (7.9) 18 (8.7) 28 (7.4) 0.630
Readmission for continuous bladder irrigation

or cystoscopy with clot evacuation
24 (4.1) 10 (4.8) 14 (3.7) 0.518

Transfusion 2 (0.34) 2 (0.96) 0 (0) 0.126
Acute urinary retention 64 (10.9) 23 (11.1) 41 (10.8) 0.891
UTI 42 (7.2) 16 (7.7) 26 (6.9) 0.738
Perforation 22 (3.8) 12 (5.8) 10 (2.6) 0.068
Perforation due to obturator nerve reflex 5 (0.85) 1 (0.48) 4 (1.1)
Perforation necessitating laparotomy 1 (0.17) 0 (0) 1 (0.26)
Transurethral resection syndrome 1 (0.17) 1 (0.48) 0 (0)
Deep venous thrombosis 1 (0.17) 1 (0.48) 0 (0)
Acute kidney injury 4 (0.68) 3 (1.45) 1 (0.26)
Hypercarbic respiratory failure 1 (0.17) 1 (0.48) 0 (0)
Transient ischemic attack 1 (0.17) 1 (0.48) 0 (0)
30-Day mortality rate 1 (0.17) 1 (0.48) 0 (0)

UTI = urinary tract infection.
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Complete resection was performed in 92% of cases and the
distribution of tumor size, stage, and grade was equivalent
in the two cohorts.

The univariate analysis of complications is reported
in Table 2. The overall complication rate was 34.3% for
MTURB and 26.7% for BTURB with the difference not ob-
taining statistical significance ( p = 0.058). The rate of he-
maturia was similar in the two groups (8.7% MTURB and
7.4% BTURB), but the two cases necessitating transfusion
occurred after MTURB. AUR, UTI, and dysuria occurred at
similar rates in the two cohorts. The rate of bladder perfora-
tion was higher with MTURB (5.8% vs 2.6%), but a higher
percentage of perforation events was attributed to stimula-
tion of the obturator reflex during BTURB (40% vs 8%, see
Table 3). The 21 cases of extraperitoneal perforation were
managed with urethral catheter bladder decompression, and
the single case of intraperitoneal perforation (after BTURB)
was managed with laparotomy and cystorrhaphy. Cardio-
pulmonary and renal complications were more frequent in the

MTURB cohort and one case of TUR syndrome occurred
after MTURB. One mortality occurred 3 weeks after MTURB
due to respiratory and renal failure in a patient with advanced
age and multiple comorbidities.

Results from the multivariable regression analysis are
listed in Table 4. BTURB was associated with a lower inci-
dence of overall complications (0.64, 95% confidence inter-
val [CI] 0.44, 0.94, p = 0.022). Male gender and larger tumor
resection size were associated with higher overall compli-
cation rates. Male gender was also associated with a higher
risk of hematuria (odds ratio [OR] 2.8, 95% CI 1.2, 6.4), but
there was no association between resection energy type and
hematuria. Increased risk of AUR was associated with male
gender (OR 2.9, 95% CI 1.4, 6.0) and larger tumor resection
size (OR 2.9, 95% CI 1.3, 6.3). No patient or perioperative
variables were associated with UTI.

Discussion

TURB is the gold standard procedure for the diagnosis,
staging, grading, and initial treatment of BC. Although it is
one of the most common endoscopic procedures performed
by urologists, data regarding morbidity from TURB are lim-
ited. Reported overall complication rates vary widely from 5%
to 43%, depending on the definition of postoperative compli-
cations.6–9 Despite the widespread utilization of BTURB,
outcome data comparing it to MTURB are limited.

Complication rates following different surgical approaches
are of more than academic interest. A study based on the 2011
National Surgical Quality Improvement Program (NSQIP)
database identified TURB as the outpatient urologic surgery
with the highest readmission rate of 5%.10 In the United States,
the Patient Protection and Affordable Care Act includes the
Hospital Readmission Reduction Program, which penalizes
hospitals for above average readmission rates for several
medical diagnoses as well as select orthopedic surgeries. In the
future, similar penalties may be extended to readmissions after
urologic surgery; so there will be additional incentive to pre-
vent early postoperative complications. Against this backdrop,
it becomes increasingly important to understand both technical
and patient-dependent variables contributing to an increased
risk for complications. To our knowledge, this study is the
largest single-institution comparison of early postoperative
complications between MTURB and BTURB.

A recent meta-analysis was performed on the limited lit-
erature comparing outcomes from MTURB and BTURB.11

In this review, BTURB was found to have shorter operative

Table 3. Case Details for Bladder Perforation Due to Obturator Nerve Reflex

Case number 179 207 519 547 576

Age (years) 85 42 79 74 59
Sex Male Male Male Male Male
Resection type MTURB BTURB BTURB BTURB BTURB
Resection location

resulting in obturator
reflex

Multifocal Unknown Left anterior Posterior, bladder base Left inferolateral

Tumor burden (cm) 2.5–5.0 2.5–5.0 >5.0 2.5–5.0 2.5–5.0
Perforation type Extraperitoneal Extraperitoneal Extraperitoneal Extraperitoneal Extraperitoneal
Pathology Carcinoma in situ Ta low grade Ta high grade Follicular cystitis Ta low grade

Table 4. Results of Multivariate Analysis

Any complication OR 95% CI p

Men vs women 1.63 1.08, 2.44 0.019
ASA score 1.05 0.69, 1.58 0.834
BTURB vs MTURB 0.64 0.44, 0.94 0.022
Large vs small resection 2.46 1.41, 4.31 0.002
Anticoagulant or antiplatelet

medication use
1.46 0.98, 2.16 0.061

Hematuria
Men vs women 2.77 1.19, 6.44 0.018
BTURB vs MTURB 0.72 0.38, 1.35 0.307
Large vs small resection 1.58 0.62, 4.06 0.341
Anticoagulant or antiplatelet

medication use
1.55 0.82, 2.93 0.179

Muscle invasive vs noninvasive 0.81 0.32, 2.00 0.642

Urinary retention
Male vs female 2.90 1.41, 5.95 0.004
BTURB vs MTURB 0.94 0.53, 1.65 0.818
Large vs small resection 2.86 1.29, 6.33 0.010
Muscle invasive vs noninvasive 1.03 0.47, 2.23 0.945

UTI
Male vs female 0.95 0.48, 1.87 0.879
BTURB vs MTURB 0.89 0.46, 1.74 0.735
Large vs small resection 0.86 0.28, 2.60 0.788

CI = confidence interval; OR = odds ratio.
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time, lower decrease in hemoglobin level, shorter catheteri-
zation time as well as lower rates of obturator nerve reflex and
bladder perforation. In a population-based study, Sugihara
and colleagues compared perioperative outcomes between
monopolar and bipolar TURB with a focus on incidence of
severe bladder injury.12 The authors found no difference in
the rates of subsequent hemostasis procedures or transfusion,
but reported a lower incidence of perforation necessitating
open repair or drain placement after BTURB (0.3%) com-
pared to MTURB (0.6%). The incidence of other complica-
tions, including cardiopulmonary events and infectious
complications, was lower in their BTURB cohort as well
(4.6% vs 5.8%).

In our study, there was a statistically higher ASA score for
the BTURB cohort. Patient comorbidity did not impact the
decision to perform MTURB versus BTURB. A potential
explanation is the distribution of BTURB cases being per-
formed more frequently later in the study period (see Fig. 1),
and the higher ASA score is a reflection of increasing anes-
thetic complexity and comorbidity of patients as our aca-
demic practice has grown and referral patterns have shifted.
In multivariate analysis, ASA score was not found to be as-
sociated with any complication nor was it associated with
hematuria, UTI, or AUR. Therefore, the difference in ASA
score between MTURB and BTURB cohorts does not impact
the findings of our study.

Muscle-invasive BC was identified in 15% of cases, which
is somewhat lower than the 25% incidence reported in the
literature.13,14 High-grade BC was diagnosed in 39% of our
series, which is higher than the 25% reported in a contem-
porary bladder series utilizing the 2004 World Health Orga-
nization (WHO) classification system.15 By virtue of our
hospital being a tertiary referral center, patients often pursue
follow-up with a local urologist for surveillance of nonmuscle-
invasive BC, which can explain why only 25% patients
underwent more than one TURB procedure in this study.
Furthermore, the practice of performing restaging TURB for
high-grade disease has evolved over our study period.2

Hematuria is the most frequent complication after TURB,
with 2% to 13% rate of clinically relevant bleeding reported
in MTURB studies.6–9 Bipolar resection energy has been
shown to have a greater depth of coagulation and is thought to
have improved hemostatic properties.16 In the TURP litera-
ture, a meta-analysis demonstrated reduced risk of TUR
syndrome and clot retention after plasmakinetic bipolar
procedures with equivalent operative times, transfusion rates,
and urethral complications.17 Our overall rate of hematuria
was 7.9%, and 4.1% of patients required readmission for
continuous bladder irrigation or a hemostasis procedure.
There was no difference in the hematuria rate between
MTURB and BTURB cases. The two patients in our series
who required transfusion (0.34%) underwent MTURB, but
due to transfusion being a rare event, the difference did not
reach statistical significance. The reported transfusion rate
after TURB is 0.9% to 13% and in the recent meta-analysis,
there was no difference in transfusion rate between MTURB
and BTURB.6,7,9,11,12 Interestingly, perioperative use of an-
ticoagulants or antiplatelet medications (aspirin or clopido-
grel) was not associated with increased risk of hematuria or
overall complications in our study.

Our finding of a trend toward lower bladder perforation
rate with BTURB is supported by other studies and statistical

significance was reached in Zhao’s meta-analysis.11,12,18

A study of 1284 TURB cases by HerKommer and col-
leagues reported a bladder perforation rate of 3.8% and
identified female gender, body mass index <25 kg/m2,
higher tumor stage, and larger resection size to be risk
factors for perforation.19

Adductor contraction due to electrical stimulation of the
obturator nerve, known as obturator nerve reflex (ONR), is a
well-described event that can occur during TURB with an
incidence of 1.5% to 4.9%.6,18,20 Since BTURB does not
require electrical current to pass through the patient into an
external grounding pad, it was initially theorized that ONR
would be less of a concern than during MTURB. Zhao re-
ported a lower rate of ONR during BTURB.11 In our expe-
rience, ONR resulted in bladder perforation in five cases
(Table 3). Four of these cases occurred during BTURB,
suggesting that ONR is more frequent during BTURB than
expected. Ozer and colleagues reported a higher rate of
ONR during BTURB compared to MTURB (35% vs 8%)
and consequently a higher rate of bladder perforation dur-
ing BTURB.21 These findings suggest that ONR remains a
potential complication when BTURB is performed in
proximity to the obturator nerve. Our practice is to request
systemic neuromuscular paralytic administration by the
anesthesiologist before resection of tumors involving the
inferolateral bladder.

In multivariate regression analysis, bipolar resection
energy was associated with a lower risk of overall com-
plications. Trends toward lower incidence of perforation,
transfusion, TUR syndrome, and medical complications after
BTURB likely account for this result from multivariate
analysis. Our results and other recent studies suggest that
BTURB has a lower rate of adverse events compared to
MTURB.11,12,18 Furthermore, there is evidence that BTURB
results in less cautery artifact, which can obscure interpre-
tation of pathology and accurate staging.22 For these reasons,
our institution has moved toward preferentially using
BTURB for all cases.

Male gender was the demographic variable most associ-
ated with adverse events, including overall complications,
hematuria, and AUR. The association with male gender and
hematuria as well as AUR is likely related to prostatic
bleeding resulting from instrumentation and the higher in-
cidence of high pressure voiding due to bladder outlet ob-
struction in men. An NSQIP review was performed in 2005 to
identify risk factors for adverse outcomes after TURB. Pre-
sence of disseminated disease, weight loss, low serum albu-
min, elevated creatinine, dependent functional status, and
emergent case basis were factors associated with adverse
outcomes.23 Because NSQIP is a Veterans Affairs Medical
Centers initiative, 99% of the patients in the study were men
and thus female gender did not reach statistical significance
for having a lower risk of complications.

Since many institutions routinely place indwelling cathe-
ters after TURB, the rate of postoperative urinary retention is
not well established. The rate of AUR was 11% and was
associated with male gender and larger resection size in
multivariate analysis. In our series, a case was considered to
have a planned urethral catheter placement at the conclusion
of TURB if there was no plan for an immediate voiding trial
after the procedure. Leaving a urethral catheter in place for
the purposes of instilling an immediate postoperative dose
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of intravesical chemotherapy was not considered a planned
urethral catheter if the catheter was removed after drainage of
the medication. Planned urethral catheter placement followed
49.1% of TURB procedures with a significantly higher rate of
58.9% after MTURB compared to 43.8% of BTURB cases
( p = 0.0005). The higher rate of planned urethral catheter
placement after MTURB could have impacted the subsequent
rates of AUR, hematuria, and UTI. The decreased utilization
of planned urethral catheter in BTURB cases is more a re-
flection of changing practices over time rather than any
specific concerns related to the cautery modality.

Irrespective of the difference in utilization of planned
catheters in the two cohorts, our data support consideration of
urethral catheter placement and bladder rest for several days
after TURB of large tumors or in men with advanced age.

There are limitations in this study inherent to its retro-
spective design. The temporal differences in the use of
MTURB and BTURB introduce confounders of changes in
patient management practices and improvement in surgeon
skill over time. Despite these confounders, a strength of our
study is that our data represent the experience of eight faculty
who performed both types of procedures, with the distribu-
tion of procedure type over time demonstrated in Figure 1.
The low incidence of hematuria, transfusion, and perforation
makes it difficult to reach statistical significance when
comparing MTURB and BTURB with the number of patients
included in our analysis. To confirm our findings, BTURB
and MTURB should ideally be studied in a multicenter ran-
domized, prospective trial similar to those performed in the
TURP literature.

Conclusions

Our study confirms that despite being a common procedure
performed by urologists, TURB frequently results in early
postoperative complications. In multivariate regression
analysis, BTURB was found to have a favorable overall
complication profile, but there was no difference in the rate
of clinically significant hematuria between BTURB and
MTURB. Despite not necessitating external patient ground-
ing, obturator nerve reflex and adductor contraction can
occur during BTURB. Men are at a greater risk of all
complications, hematuria, and urinary retention. Larger
bladder tumor size was also associated with overall com-
plications and urinary retention.
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Abbreviations Used
ASA¼American Society of Anesthesiologists
AUR¼ acute urinary retention

BC¼ bladder cancer
BTURB¼ bipolar transurethral resection of bladder tumor

CTSI¼ clinical and translational science award
MTURB¼monopolar transurethral resection of bladder

tumor
NSQIP¼ national surgical quality improvement program

ONR¼ obturator nerve reflex
TUR¼ transurethral resection

TURB¼ transurethral resection of bladder tumor
TURP¼ transurethral resection of the prostate

UTI¼ urinary tract infection
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