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Abstract

Background: Transurethral resection of bladder tumor (TURBT) has a role in the diagnostic evaluation and treatment of bladder
cancer, which is traditionally conducted through monopolar electrocautery; however, bipolar electrocautery has gained attention
these days. Cautery artifacts are known as the drawbacks of TURBT and can be seen in both monopolar and bipolar electrocautery
but with varying severity. Studies comparing bipolar to monopolar TURBT have shown conflicting results.

Objectives: This study was carried out to compare the occurrence of cautery artifacts and a number of important clinical outcomes
between patients undergoing monopolar and bipolar electrocautery during TURBT.

Methods: This prospective study included adult patients with age 18 years old or higher diagnosed with primary bladder tumors
with a size <4 cm. The patients were randomized into monopolar and bipolar groups (34 patients per group). The occurrence of
cautery artifacts, duration of surgery, the incidence of urinary bladder perforation, fall in hemoglobin, need for blood transfusion,
transurethral resection syndrome, and postoperative hospital stay were compared between the two groups.

Results: In our study, the incidence of cautery artifacts was significantly lower in the bipolar group than in the monopolar group
(P-value < 0.0001). The two groups were comparable in terms of the duration of surgery, urinary bladder perforation, fall in
hemoglobin, need for blood transfusion, transurethral resection syndrome, and postoperative hospital stay.

Conclusions: Bipolar TURBT is superior to monopolar TURBT regarding a reduction in the incidence of cautery artifacts.
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1. Background

Bladder cancer is a common neoplasm of the
genitourinary system and the 10th most common cancer
worldwide (1, 2), accounting for 2.1% of all cancer deaths
(3). Transurethral resection of the bladder tumor (TURBT)
plays a significant role in the diagnosis and management
of bladder cancer (4). The concept of transurethral
resection dates back to 1910 when, for the management
of urinary bladder papillary tumors, electric current
was applied endoscopically using a cystoscope by Edwin
Beer (5). In 1962, TURBT was first described by Jones and
Swinney and, since then, has gained enormous popularity
for managing urinary bladder tumors (6). Along with
bimanual examination, TURBT is important for the
pathologic confirmation and clinical staging of bladder
tumors (7).

Monopolar electrocautery is the traditional way of

performing TURBT. The heat generated in the monopolar
system is sufficient to cause the desiccation of small
cells, which may cause difficulty in performing adequate
histological analysis for severely cauterized pieces of
tissues. Moreover, electrolyte-free solutions in monopolar
electrocautery may lead to transurethral resection (TUR)
syndrome (8). In the bipolar system, the radiofrequency
current applied to the conducting irrigant generates
plasma, leading to the dissociation of bonds between
tissues. Temperature only modestly rises in the resected
tissues during bipolar surgery, and the use of isotonic
normal saline reduces the risk of TUR syndrome (9).

The occurrence of cautery artifacts is a drawback
of TURBT and is seen in both monopolar and bipolar
electrocautery but in varying severities (10). In the
literature, this phenomenon has been defined as tissue
distortion, swelling, homogenization, spindling artifact,
stromal coagulation, tissue crushing, vacuolization,
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blurred nuclei, atypical morphological changes, and
abnormal cellular orientations (10, 11).

Truong et al. in their study evaluated the effects of
cautery artifacts on the adequacy of histopathological
evaluation of TURBT specimens. In their study, they
included 119 patients and reported that cautery artifacts
interfered with accurate staging in 6% (7 out of 119) of cases.
Out of these 7 cases, they performed re-staging TURBT in 6
cases, of whom 50% were upgraded to the muscle invasive
stage, highlighting the significance of cautery artifacts
(10). There are conflicting results regarding the clinical
outcomes of bipolar and monopolar TURBT, including the
occurrence of cautery artifacts.

2. Objectives

Our study aimed to compare the occurrence of cautery
artifacts (the primary objective), as well as the duration
of surgery, the incidence of urinary bladder perforation,
fall in hemoglobin, the need for blood transfusion, the
incidence of transurethral resection syndrome, and
post-op hospital stay (secondary objectives) between
patients with bladder cancer undergoing monopolar or
bipolar electrocautery during TURBT.

3. Methods

This was a randomized (via the chit and box method),
prospective, two-group (monopolar and bipolar TURBT)
comparative study conducted in the Department of
Urology, IGIMS Patna, Bihar, India. Our study’s protocol
was approved by our institutional ethics committee
(279/IEC[IGIMS/2021).

3.1. Inclusion Criteria

(1) Adult patients with an age equal to or above 18 years

(2) Being diagnosed with primary bladder tumors

(3) Tumor size of < 4 cm on contrast computed
tomography (CT)

3.2. Exclusion Criteria

(1) Age of < 18 years

(2) Having recurrent bladder tumors

(3) Contraindications for performing contrast CT

(4) Evidence of locally-advanced or metastatic disease
in CT scans

(5) Tumor size of > 4 cm

(6) Not giving consent to participate in the study

(7) Being non-eligible for undergoing anesthesia or

surgery

3.3. Sample Size and Randomization

This was a randomized study in which the patients
giving consent for participation were randomized into
either monopolar or bipolar cautery groups using the
chit-and-box method. The sample size for each group was
calculated according to a previous study regarding a study
power of 80% at a significance level of 5%. The proportions
of thermal artifacts in the monopolar and bipolar groups
were considered 0.048 and 0.021, respectively. Finally, the
sample size was determined to be n =34 in each group (12).

All the patients underwent a complete history taking,
physical examination, routine procedural investigations
to determine hemoglobin, serum electrolytes, and
coagulation profile, as well as urinary analysis, urine
culture and cytology, chest X-ray, and contrast CT scans
of the abdomen and pelvis along with urography. All the
patients underwent surgery under general anesthesia
at the lithotomy position. Cystoscopy was performed
using a 30° lens and 17 French cystoscope, followed by
TURBT after cystoscopy. Bipolar electrocautery was used
for bipolar TURBT. For both bipolar and monopolar TURBT,
we used the 26-Fr resectoscope. For bipolar TURBT, the
power used for cutting was 120 Watts, and for coagulation,
the power setting was 100 Watts. For monopolar TURBT,
the power setting was set at 100 Watts for cutting and 90
Watts for coagulation. Glycine was used as the irrigant for
monopolar TURBT and normal saline for bipolar TURBT.
Tumor resection was started from the periphery and
proceeded toward the center, with the tumor stalk being
the last to be resected.

Duration of surgery, incidence of urinary bladder
perforation, fall in hemoglobin, need for blood
transfusion, transurethral resection syndrome, and
post-op hospital stay were recorded for all the patients.

The duration of surgery was calculated based on the
resection time, defined as the interval from the start
of the operation till the removal of the device. Bladder
perforation was defined as the visual appearance of
extravesical fat, bowel, or peritoneal cavity during the
operation. Serum sodium was measured 12 hours after the
surgery, and the patient was monitored for the symptoms
of hyponatremia (i.e., headache, visual disturbance,
altered sensorium, and hiccups). Hemoglobin was
measured 48 hours after the surgery to overcome
dilutional effects. The pathologist in our study was
unaware of the type of electrocautery (i.e., blinded). In
each specimen, 20 fields were examined (x400), and the
number of fields showing cautery artifacts was noted.

Cautery artifacts were characterized by tissue
distortion, swelling, homogenization, spindling artifacts,
stromal coagulation, tissue crushing, vacuolization,
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blurred nuclei, atypical morphological changes, and
abnormal cellular orientations.

3.4. Statistical Analysis

SPSS software version 15.0 was used for statistical
analysis. The chi-square test and independent t-test were
utilized. Observations with a P-value of < 0.05 were
considered statistically significant.

4. Results

The mean age of the patients was 63.50 * 12.17 years in
the monopolar electrocautery group and 58 + 12.78 years in
the bipolar electrocautery group (P-value = 0.097). In the
monopolar electrocautery group, 26 patients were male,
and 8 patients were female. In the bipolar electrocautery
group, males and females constituted 28 and six patients,
respectively (P-value = 0.549).

The mean value of preoperative hemoglobin was 10.8
g/dL in the monopolar electrocautery group and 10.5 g/dL
in the bipolar electrocautery group. In the monopolar
group, 22 patients had papillary tumors on cystoscopy,
while 12 patients had tumors with a solid appearance. In
the bipolar group, 21and 13 patients had papillaryand solid
tumors on cystoscopy, respectively.

Out of 20 fields examined for each specimen, the mean
number of microscopic fields showing cauteryartifact was
8.06 * 1.455 in the monopolar electrocautery group and
2.21+ 0.978 in the bipolar electrocautery group, indicating
a statistically significant difference (P-value < 0.001, Table
1).

The mean duration of surgery was 37.44 = 433
minutes in the monopolar electrocautery group and
37.68 £ 3.40 minutes in the bipolar electrocautery group
(P-value = 0.808). The mean fall in hemoglobin level
after surgery was recorded as 0.815 £+ 0.24 g/dL in the
monopolar electrocautery group and 0.847 + 0.25 g/dL
in the bipolar electrocautery group (P-value = 0.587).
The mean duration of postoperative hospital stay in the
monopolar electrocautery group was 4.71+ 0.68 days, and
in the bipolar electrocautery group, this value was 4.65 +
0.65 days (P-value = 0.715) (Table 1).

In the monopolar electrocautery group, one patient
had urinary bladder perforation, while this complication
was observed in none of the patients in the bipolar
electrocautery group (P-value = 1.0). Finally, two and
three patients in the monopolar electrocautery and
bipolar electrocautery groups needed blood transfusions,
respectively (P-value = 1.0). No patient in our study
developed TUR syndrome. Table 1 summarizes these
observations in the two study groups.
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5. Discussion

Transurethral resection of bladder tumor (TURBT)
offers a diagnostic and therapeutic role in the
management of bladder tumors. Instrumental and
technological advances have improved the safety and
efficiency of this procedure. However, this procedure
is still associated with noteworthy complications (13).
Moreover, adequate histopathological evaluation of
TURBT-acquired specimens is indispensable for the proper
management of patients. Therefore, optimization of
patient management based on TURBT is still a topic of
research and improvement.

Monopolar electrocautery is the conventional
technique used for TURBT, but nowadays, the use of bipolar
electrocautery is increasing. The direction of the electric
current during monopolar electrocautery is from the
resection loop to the grounding pad through the patient’s
body. This electrical route may cause obturator nerve
stimulation and a sudden adductor muscle contraction,
which may cause urinary bladder perforation. Also, due
to the use of non-conductive irrigation solutions (e.g.,
water, glycine, sorbitol, mannitol) during monopolar
TURBT, the vascular absorption of the fluid may lead
to life-threatening electrolyte disbalance. One more
disadvantage of monopolar TURBT is the high resection
temperature, which can result in significant collateral and
penetrative tissue injury and charring of the specimen.
However, during bipolar electrocautery, both electrodes
are incorporated in the resectoscope, and the electric
current runs between these two electrodes. Highly
ionized particles used in bipolar electrocautery produce
a plasma field around the resection tool. This plasma
field breaks molecular bonds between tissues, and
temperature modestly rises (40 -70°C) during the process.
So, bipolar TURBT seems to inflict less thermal damage to
the resection bed and histopathological samples and is
hypothesized to be a safer procedure (14).

In our study, significantly more cautery artifacts were
observed in the monopolar TURBT group. Del Rosso et
al,, in their randomized study, compared monopolar
and bipolar TURBT and reported more thermal damage
causing histopathological artifacts in the monopolar
group (P < 0.01) (15). In the study of Venkatramani et al.,
severe cautery artifacts were found to be significantly
lower in the bipolar TURBT group (16). However, Saini et
al. reported no statistically significant difference in the
incidence of cautery artifacts between the monopolar and
bipolar groups (11).

In our study, the duration of surgery, fall in
hemoglobin, and postoperative hospital stay were
comparable between the monopolar and bipolar
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Table 1. Observations in the Monopolar and Bipolar Electrocautery Groups *

Variables Monopolar Group Bipolar Group P-Value
Age 63.50 £ 12.17 58+ 12.78 0.097
Number of fields with cautery artifact 8.06 % 1.455 2.21+ 0.978 < 0.001
Duration of surgery 37.44+ 433 37.68 £ 3.40 0.808
Fall in hemoglobin (g/dL) 0.815+ 0.24 0.847+ 0.25 0.587
Duration of postoperative hospital stay (days) 4.71% 0.68 4.65+ 0.65 0.715
Number of patients with urinary bladder perforation 1 (0] 1.0
Number of patients requiring blood transfusion 2 3 1.0

? Values are presented as mean * SD.

electrocautery groups. Teoh et al. in their study found
that the mean operation duration was similar between
the monopolar group (36.3 £ 25.0 minutes)and the bipolar
group (34.6 £ 27.2 minutes) (P-value = 0.696) (17). Liem
et al. also reported no significant difference in operation
duration between the two groups (P =0.536) (18).

Mahmoud et al. reported that the mean drop in
hemoglobin in the monopolar group was 1.28 + 0.67 g/dL
compared to132+ 0.50 g/dL in the bipolar group, showing
no statistically significant difference (P-value = 0.830) (19).
However, in a study by Yang et al., postoperative changes
in hemoglobin levels were found to be significantly lower
in the bipolar TURBT group (- 0.58 + 0.91g/dL) than in the
monopolar TURBT group (- 0.95 £ 1.28 g/dL) (P=0.038)(20).

Mashni et al. also reported no significant difference in
the postoperative recovery time between monopolar and
bipolar TURBT groups (21). Hashad et al., in their study,
compared monopolar and bipolar TURBT and reported
a significantly shorter postoperative hospital stay in the
bipolar TURBT group (P-value < 0.001) (22).

In our study, one patient in the monopolar
electrocautery group and no patient in the bipolar
electrocautery group had urinary bladder perforation,
which the difference was not statistically significant.
Liem et al. also reported no significant difference in the
incidence of bladder perforation (P = 0.195) between these
two procedures (18). Mashni et al. in their study also
compared monopolar and bipolar TURBT, reporting that
no patient in any of their study groups developed bladder
perforation (21).

In our study, two patients in the monopolar
electrocautery group and three patients in the bipolar
electrocautery group needed blood transfusions, which
showed no statistically significant difference. Gyawali et
al. and Balci et al. also reported similar results (23, 24).

Hahn described post-TURBT transurethral resection
syndrome for the first time, reporting that four
patients had signs of TUR syndrome after TURBT due

to the absorption of the irrigating fluid through the
extravascular route (25). However, TUR syndrome after
TURBT is rare and develops slowly. It may also be associated
with the intraperitoneal extravasation of the irrigant fluid
caused bybladder perforation (26). No patientin our study
developed TUR syndrome. In our study, only patients with
tumor sizes of < 4 cm were included, and the duration
of surgery in both groups was < 1 hour. So, there was a
minimal chance for fluid absorption and the development
of dilutional hyponatremia. Yang et al., Balci et al., and
Pu et al. in their studies also reported no cases of TUR
syndrome in the patients undergoing TURBT (20, 24, 27).

In our study, both groups were comparable in terms
of the age and gender of the patients; however, the
surgery was performed by different surgeons, which could
be a limitation of our study. It is noteworthy that all
the surgeons were consultants and experienced in the
procedure.

5.1. Conclusions

Our study demonstrated that bipolar electrocautery
was associated with a lower incidence of cautery
artifacts. However, other intraoperative and postoperative
outcomes were comparable to monopolar electrocautery.
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