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Abstract Objective: To assess the effectiveness and safety of bipolar plasma kinetic
energy for en bloc enucleation of non-muscle-invasive bladder cancer (NMIBC).

Patients and methods: In all, 46 patients diagnosed with suspected NMIBC were
included. All patients were diagnosed using ultrasonography, computed tomogra-
phy, and diagnostic cystoscopy, and then underwent bipolar plasma kinetic enucle-
ation of bladder tumour (PKEBT). At the end of the procedure, all patients had a
single-dose (40 mg in 40 mL saline) intravesical installation of mitomycin C (<6 h
after bipolar PKEBT). Follow-up diagnostic cystoscopy was performed at 3, 6,
and 12 months.

Results: The mean (SD) enucleation time was 17 (5.4) min, operative time was
27.9 (11.4) min, haemoglobin drop was 1.3 (0.9) g/dL, postoperative irrigation time
was 1.7 (2.3) h, and hospital stay was 35.4 (13) h. There was intraoperative bleeding
in three patients, with one requiring blood transfusion. There were no other periop-
erative complications. At the 1-month follow-up, six (13%) patients were diagnosed
with residual tumour and underwent repeat bipolar PKEBT. The overall recurrence
rate at 12 months’ follow-up was 15.2%.
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tumour;
(b)(m)TURBT, (bipo-
lar) (monopolar)
transurethral resection
of bladder tumour
Conclusion: Bipolar PKEBT is an effective procedure for managing NMIBC, as it
preserves the entire lamina propria and detrusor muscle in well-intact specimens,
with negligible perioperative complications.

� 2017 Production and hosting by Elsevier B.V. on behalf of Arab Association of
Urology. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

The resectoscope was developed by Maximilian Stern in
1926. Since then conventional transurethral resection of
bladder tumour (TURBT), using monopolar electro-
resection, has become the ‘gold standard’ procedure
for accurate diagnosis, staging, and initial management
of non-muscle-invasive bladder cancer (NMIBC) [1].

In recent decades, the bipolar resectoscope has been
successfully utilised for urology procedures, particularly
for TURP. The main difference between the monopolar
and bipolar devices is the configuration of the current
pathway. An advantage of bipolar devices is that they
can be used with a conductive irrigant (normal saline)
rather than the conventional non-conductive irrigant
(glycine, sorbitol, and mannitol) required for monopolar
electro-resection [2,3]. Bipolar TURBT (bTURBT) has
several advantages and benefits compared with
monopolar TURBT (mTURBT), e.g. good haemostasis
due to deep cutting and coagulation, no dilutional
hyponatraemia, a lower incidence of obturator nerve
jerk, and less damage to the resection site [4].

The plasma kinetic (PK) resectoscope, is a bipolar
resectoscope, recently introduced and has mainly been
used for TURP. In this technique, energy is transmitted
from the loop electrode into the saline solution, to evap-
orate and form an interface gas layer around the loop.
As result of the addition of voltage to the gas, the exci-
tation of the sodium ions forms plasma, a highly ener-
gised state of matter [5].

An en bloc tumour enucleation technique can also
avoid the most serious disadvantage of the well-
established ‘incise and scatter’ resection technique,
which is used in conventional TURBT [6].

The aim of the present study was to assess the effec-
tiveness and safety of a novel technique using bipolar
plasma kinetic energy for en bloc enucleation of NMIBC.
Patients and methods

This study was carried out at the Department of Urol-
ogy, Benha University Hospital, Egypt, from February
2012 to June 2013. The study was approved by the Eth-
ical Scientific Committee of Benha University and was
in accordance with the principles of the Helsinki Decla-
ration II. A written informed consent was obtained from
each participant.
In all, 46 patients diagnosed with suspected NMIBC
in a tertiary referral centre and planned for TUR with a
new diagnosis of bladder tumour were included in the
study. The patients were prospectively recruited for a
novel technique of transurethral bipolar plasma kinetic
enucleation of bladder tumour (PKEBT). Ultrasonogra-
phy, CT and diagnostic cystoscopy were used for the
diagnosis of bladder tumour. Patients with tumours of
>30 mm and those with more than two masses were
excluded.

The effectiveness and safety of the technique were
assessed using the following criteria:

a. Efficacy of complete tumour removal was tested by
detecting the percentage of residual disease by re-

staging TUR at 3-, 6- and 12-months follow-up.
b. Proper muscle sampling was assessed by histological

examination.
c. Safety of the procedure was assessed by reporting the

total operating time, enucleation time, serum haemoglo-
bin drop, catheterisation time, postoperative hospital
stay, and complications.

The bipolar PKEBT was performed using a mush-
room loop and the HF Unit UES-40 Surgmaster (Olym-
pus, Tokyo, Japan) as follows:

� Step 1: Coagulate (vaporise) 0.5–1 cm all around the
tumour with the mushroom loop to mark the starting point
of the resection and for haemostasis.

� Step 2: An incision is made starting at the marked line using
the sharp edge of the mushroom loop by tilting the resecto-
scope to prevent the vaporisation effect of the loop.

� Step 3: The incision is made deeply to reach the muscle layer
and continued to complete the en bloc resection of the
tumour to free it from the bladder wall.

� Step 4: If the tumour is large, we divide it into smaller parts
for easy passage into the Ellik evacuator.

� Step 5: Vaporisation of the edges of the bladder wall and

the base is repeated to eradicate residual tumour.
� Step 6: Biopsies are taken from the edges and bases to
ensure a free surgical margin using the resection bipolar
loop.

At the end of the procedure, all patients had a single-
dose ((40 mg in 40 mL saline) intravesical installation of
mitomycin C (<6 h after the bipolar PKEBT) via the
three-way indwelling urethral catheter. Continuous sal-
ine bladder irrigation was used until the efflux became
clear, when it became clear the catheter was removed
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Table 2 Intra- and postoperative variables.

Variable Mean (SD, range)

Enucleation time, min 17 (5.4, 11–28)

Operative time, min 27.9 (11.4, 14–57)

Haemoglobin drop, g/dL 1.3 (0.9, 0–4.3)

Postoperative irrigation time, h 1.7 (2.3, 0–8)

Hospital stay, h 35.4 (13, 24–72)

Table 3 Histological and histopatholog-

ical classification.

Variable N (%)

Histological analyses of TCC:

Low grade 24(52.2)

High grade 2 (47.8)

Histopathological classification:

pTa 14 (30.4)

pT1 25 (54.3)

pT2a 7 (15.2)
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and the patient was discharged. At 1-month postopera-
tively, repeat bipolar PKEBT was performed for resec-
tion of any residual tumour, and intravesical
immunotherapy was introduced if indicated by the
pathology results. Follow-up diagnostic cystoscopy
was performed at 3, 6, and 12 months. Baseline demo-
graphic characteristics and perioperative data including:
total operating time, enucleation time, serum haemoglo-
bin drop, catheterisation time, postoperative hospital
stay, histological examination results, and complica-
tions, were recorded.

Results

In all, 46 patients underwent transurethral bipolar
PKEBT and all the procedures were successfully
completed.

In all, 78% of the patients were male (36 patients)
and 21.7% (10) were female, with a mean (SD, range)
age of 62.7 (8.5, 33–81) years. The mean (SD, range)
tumour diameter was 17.8 (6.1, 7–30) mm, with most
of tumours located on the lateral wall (56.6%, 26
patients of 46), 21.7% (10 patients) located in the poste-
rior wall, 8.7% (four) located in the anterior wall, and
13% (six) located in the trigone (Table 1).

The mean (SD, range) enucleation time was 17 (5.4,
11–28) min, operative time was 27.9 (11.4, 14–57) min,
haemoglobin drop was 1.3 (0.9, 0–4.3) g/dL, postopera-
tive irrigation time was 1.7 (2.3, 0–8) h, and hospital stay
was 35.4 (13, 24–72) h (Table 2).

Histology revealed TCC in all patients: low grade in
52.2% (24 patients) and high grade in 47.8% (22).
Histopathological classification and the depth of tumour
infiltration (pT) were determined by the Pathology
Department. All the specimens contained muscle layers,
and the pathological staging was pTa in 30.4% (14
patients), pT1 in 54.3% (25), and pT2a in 15.2% (seven)
(Table 3).

There was intraoperative bleeding in three patients,
with only one requiring blood transfusion. There were
no other reported perioperative complications. At 1-
month postoperatively, six (13%) patients were diag-
Table 1 Patients’ characteristics.

Variable Value

Sex, n (%)

Male 36 (78.0)

Female 10 (21.7)

Age, years, mean (SD, range) 62.7 (8.5, 33–81)

Tumour diameter, mm, mean (SD, range) 17.8 (6.1, 7–30)

Tumour location, n (%)

Lateral wall 26 (56.6)

Posterior wall 10 (21.7)

Anterior wall 4 (8.7)

Trigone 6 (13)
nosed with residual tumour and underwent repeat bipo-
lar PKEBT. The overall recurrence rate at the 12-month
follow-up was 15.2%.

Discussion

Cystoscopy and standard TURBT are still the ‘gold
standard’ technique for the diagnosis and initial treat-
ment of NMIBC, which has predominantly been carried
out using monopolar resectoscopes. Recently, with the
introduction of the bipolar resectoscope and its success-
ful application in TURP, bipolar resectoscopes are now
being used for the treatment of bladder cancer. The
bipolar resectoscope has several advantages including
using saline for irrigation, which reduces morbidity from
TUR syndrome, especially in procedures of long dura-
tion (>90 min). Furthermore, in conventional
mTURBT, the resecting loop is the active electrode
and the return electrode is a pad placed on the patient’s
skin, which means that the current travels a considerable
distance through the body to complete the circuit [1,3,7].
In the bipolar system (bTURBT), both the active and
return electrodes are in close proximity in the target tis-
sue, thus limiting the distance the current travels in the
body, which reduces patient morbidity, especially in car-
diac patients with an implanted pacemaker or car-
dioverter defibrillator that consequently does not need
to be deactivated [8,9].

The PK generator and specific instruments are
designed as a system, which uses high-powered pulsed
bipolar energy to produce a PK field around the work-
ing elements and is designed to produce a temperature
that allows effective tissue dissection but result in mini-
mal collateral damage and adherence to tissue. PK
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energy has been widely and safely used for TURP, as
one of the newly developed procedures [10–12].

Additionally, unlike the conventional fragmentary
resection pieces left from the TURBT procedure, with
PKEBT the tumour can be resected en bloc, providing
an intact specimen, where the specimen edges are well
preserved for further histopathological examination
and which decreases the incidence of re-implantation
of the tumour [13].

In our present study, the mean (SD, range) tumour
diameter was 17.8 (6.1, 7–30) mm. Most of the tumours
were located on the lateral wall (56.6%, 26 patients of
46), 21.7% (10 patients) were located in the posterior
wall, 8.7% (four) were located in the anterior wall,
and 13% (six) were located in the trigone. All the proce-
dures were successfully completed.

In a study by He et al. [6], green-light potassium tita-
nyl phosphate (KTP) laser was used for en bloc enucle-
ation in 45 patients with NMIBC. They found that
most of the bladder tumours were located on the lateral
wall; only seven tumours were on the posterior bladder
wall or trigone. Their mean (range) operative time was
21 (12–38) min and the enucleation time was 12 (4–23)
min, and the haemoglobin drop was 1.1 (0.1–2.4) g/dL.
They also found that postoperative irrigation was
unnecessary for most patients, and only some required
intermittent irrigation. The mean (range) catheterisation
time was 2.0 (1.0–3.0) days; with a mean (range) postop-
erative hospital stay of 2.5 (1.5–4.0) days.

In our present study, the mean (SD) enucleation time
was 17 (5.4) min, operative time was 27.9 (11.4) min,
haemoglobin drop was 1.3 (0.9) g/dL, postoperative irri-
gation time was 1.7 (2.3) h, and the mean (SD, range)
hospital stay was 35.4 (13, 24–72) h.

Del Rosso et al. [14] compared the safety and efficacy
of PK bTURBT to conventional mTURBT for primary
NMIBC. They found that the mean catheterisation time
was 1.3 days in the PK bTURBT group and 2.3 days in
the mTURBT group (P < 0.05). The mean hospital stay
was also significantly shorter for PK bTURBT com-
pared with mTURBT (2.2 vs 3.5 days).

In the present study, histology confirmed that all the
patients had TCC, which was low grade in 52.2% (24
patients) and high-grade in 47.8% (22). Histopathologi-
cal classification and the depth of tumour infiltration
(pT) were determined by the Pathology Department.
All the specimens contained muscle layers, therefore
with our novel en bloc PKEBT the overall histological
structures, including specimen edges, are well preserved,
thus the adequacy of the resection can be appropriately
assessed by examining the base and lateral margins. This
also helped to minimise unnecessary re-TURBTs or
intravesical instillation therapy, reducing the bother
for patients and economic burden. Conversely, in con-
ventional mTURBT specimens are often shrunken and
fragmented, making histological assessment more
difficult.

There was intraoperative bleeding in three patients,
with only one requiring blood transfusion. There were
no other reported perioperative complications. At 1-
month postoperatively, six patients (13%) were diag-
nosed with residual tumour and underwent repeat
PKEBT. The overall recurrence rate at the 12-month
follow-up was 15.2%.

Pu et al. [7] reviewed 121 patients with NMIBC trea-
ted with bTURBT, they reported a mean postoperative
hospitalisation of 3 days, with haematuria in 2.5% of
the patients, who required blood transfusion, and
1.7% had bladder perforation. They concluded that
PK energy is safe for the treatment of NMIBC.

Also, Xishuang et al. [8] in their study of 173 patients
comparing mTURBT, bTURBT and holmium laser-
TURBT, reported that for the bTURBT and holmium
laser-TURBT arms there were fewer intraoperative
and postoperative complications, including bladder per-
foration, obturator nerve reflex, as well as bleeding and
postoperative bladder irritation.

Another study by Venkatramani et al. [15], including
147 patients (75 mTURBT and 72 bTURBT), found
that both were similar for the occurrence of obturator
jerk, bladder perforation and haemostasis, and they
concluded that the bTURBT was only superior for the
low incidence of severe cautery artefacts compared with
mTURBT (25% vs 46.7%, P = 0.001).

Also, Mashni et al. [16] reported on 83 patients (38
mTURBT and 45 bTURBT) and found that, in
bTURBT there was less bleeding during and after resec-
tion, whilst there were no significant differences for post-
operative recovery time or complication rates between
the two techniques.

Based on our initial experience with this novel tech-
nique, we found that the bipolar PKEBT for en bloc
resection was an effective procedure for managing
NMIBC. Particularly, as en bloc enucleation of the
tumour preserves the entire lamina propria and detrusor
muscle in well-intact specimens, with negligible periop-
erative complications.
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