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ABSTRACT

BACKGROUND: Bladder cancer is the most common urinary tract cancer. Transurethral resection of the bladder wall tumor is
the gold standard for non-muscle-invasive bladder cancer. In recent years, laser technologies have been actively implemented
into clinical practice, including the surgical treatment of bladder cancer, but there are still many questions regarding their use.
AIM: To evaluate the efficacy and safety of bladder wall tumor resection followed by neodymium (Nd:YAG) laser ablation of the
tumor.

MATERIALS AND METHODS: Surgical treatment outcomes in 97 patients with non-muscle-invasive bladder cancer were ana-
lyzed for the period between 2012 and 2023. Group 1 (n = 49) underwent classical transurethral resection of the bladder wall.
Group 2 (n = 47) underwent the same procedure followed by Nd:YAG laser ablation of the tumor bed. Treatment outcomes were
evaluated at 3, 6, and 12 months after surgery.

RESULTS: Analysis of complications using the Clavien-Dindo classification system showed a more favorable postoperative
course in group 2. Within 1 year after surgery, the rate of bladder cancer recurrence was significantly lower in group 2 com-
pared to group 1, with 4 and 13 cases, respectively (p < 0.05). In addition, no patient in group 2 had a recurrence in the area of
the resected tumor bed, whereas 9 patients in group 1 had such recurrence during the specified period.

CONCLUSIONS: The study demonstrates the potential of using laser technologies in the treatment of bladder cancer. Its clinical
implementation will facilitate personalized surgical treatment options for patients with urological cancers and reduce the risk
of tumor recurrence.

Keywords: bladder cancer; non-muscle-invasive bladder cancer; transurethral resection of the bladder wall tumor;
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AHHOTALIMA

AxTtyanbHocTb. Pak MouyeBoro nysbips — Hauboniee pacnpocTpaHeHHas 3/10KauyecTBEHHAs OMyX0Jlbio MOYEBbLIBOAALLMX My-
Ten. 30110TbIM CTaHAAPTOM JleYeHUsl HEMbILLEYHO-WHBA3WBHOIO paka MOYeBOro Ny3bIps SBNSETCA TpaHCypeTpabHas pesek-
LiMA CTEHKW MOYEBOro Ny3bips C OMyXosblo. B mocnefHue roabl 0TMeYaeTCs aKTMBHOE BHEJPEHWE B KITMHUYECKYI0 NPAKTUKY
Na3epHbIX TEXHONOMMH, B TOM YMUCTIE MPU XUPYPrUYECKOM JIEYEHMM paKka MOYEBOro Ny3blpsi, 04HAaKO MHOTWE BOMPOChI UX NpU-
MEHEHUSA 0CTAKTCS HEACHBIMU.

Lenb — oueHutb 3 deKTMBHOCTL 1 6e30MacHOCTb pe3eKLMM CTEHKM MOYEBOr0 My3bIps C ONYXOJIbIO C NOCeLyIoLLen nasep-
Hol abnAumen onyxonm HeoAMMoBGIM slasepoM (Nd:YAG).

Matepuanbl u MeTogpl. BbinonHeH aHanu3 pesynbTaTtoB XMpYpPriyeckoro nedeHust 97 60bHbIX HEMBILLEYHO-MHBA3MBHBIM pa-
KOM M04eBOro nysbips, npoeaeHHoro B nepuop ¢ 2012 no 2023 r. Maumentam rpynnbl 1 (n = 49) BbINOSHANM KNACCUYECKYIO
TPaHCYpeTpasbHYH PE3eKLMI0 CTEHKW MOYEBOrO Ny3blps, B rpynne 2 (n = 47) NpoBOAUNM TaKyH e onepauuio, Ho C nocnesy-
toweit Nd:YAG-nasepHoii abnsuuen noxa onyxonu. PesynbTathl ledeHns oLeHnBanu Yepes 3, 6 u 12 Mec. nocrie onepauuu.
Pe3ynbTatbl. [poBefeHHbIN aHanM3 ocnoxHeHuii no knaccudukaumm Clavien—Dindo nokasan 6onee 6naronpusTHoe nocne-
onepaLMoHHOe TeYeHWe Y MaumMeHToB rpynnbl 2. B Teuenne 1 rofa nocne onepauuy peuyavBbl paka MOYEBOro My3bipsi B 3TOM
rpynne oTMeYanucb AOCTOBEPHO PeXxe, YeM B MepBOiA, COOTBETCTBEHHO B 4 1 13 cnyyasx (p < 0,05). Mpu 3TOM HKM Yy 0aHOro
MaumMeHTa He BbISIBNEHO PELMAMBOB B 06/1acTV NOXa pe3eLMpoBaHHON OMyXonW, TOrAa Kak B rpynne 1 Takue peumamBbl
3a YKa3aHHbI nepuog, obHapyeHbl Y 9 YenoBex.

BbiBoabl. Pe3ynbTathl MCCNeA0BaHMSA YKa3bIBAKOT HAa NEPCMEKTUBHOCTb NPUMEHEHWS Na3ePHbIX TEXHONOIUA B NeYeHUM paKa
MOYeBOro ny3bIps. Vix BHeApEHWE B KIIMHUHECKYIO MPAKTUKY NO3BOSUT NEPCOHMBULMPOBATL XMPYPruieCKMe MeTobl IeYeHUS
OHKOYPOJIOrMYecKUX BOMBHBIX M CHU3UTL PUCK PELIMAMBMPOBAHMS OMyXOJIen.

KnioueBble cnoBa: pak MOYEBOro Ny3bipsi; HEMBILLEYHO-MHBA3WUBHbI PaK MOYEBOr0 Ny3bipsi; TPAaHCYpeTpasibHas peseKums
CTEHKM MOYEBOr0 My3bIps C OMyX0sbio; HeoauMoBbIn Nasep; Nd:YAG-nasepHas abnsauus.
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BACKGROUND

Bladder cancer (BC) is the most common malignant
tumor of the urinary tract, ranking tenth in global cancer
prevalence. The BC incidence continues to rise worldwide,
particularly in developed countries [1]. In the structure of
cancer incidence in Russia, BC ranks ninth and sixteenth
in men and women, respectively. The incidence rate
is 11.58 per 100,000 men and 2.05 per 100,000 wom-
en, with mortality rates of 3.8 and 0.52, respectively.
The average age of patients diagnosed with BC in Rus-
sia is 67.2 years for men and 69.7 years for women [2].
The higher incidence in men is linked to the wider preva-
lence of smoking and occupations involving exposure
to carcinogenic substances. Both men and women who
smoke tend to develop BC about 6 years earlier than non-
smokers [3, 4].

BC covers a wide range of malignant tumors, from
low-risk to high-risk, with significant differences in prog-
nosis and survival depending on the stage, histological
subtype, and degree of differentiation, as well as recur-
rence. Two main categories of BC are distinguished based
on the depth of invasion into the bladder wall: non-mus-
cle-invasive bladder cancer (NMIBC) and muscle-invasive
bladder cancer (MIBC) [5]. NMIBC includes cases where
tumors are confined to the mucosa and submucosa of
the bladder wall. Approximately 75% of patients with BC
present with non-muscle-invasive cancer (70% at stage
Ta, 20% at stage T1, and 10% with carcinoma in situ).
In other patients, the tumor invades the detrusor muscle
(stage T2), the perivesical tissue (stage T3), and sur-
rounding organs (stage T4) [6].

It is advisable that the treatment of NMIBC start with
transurethralresection of the bladder wall tumor (TURBT) [7].
At stages Ta and T1, tumors with a predominantly papil-
lary growth pattern are most commonly found. The stan-
dard treatment for Ta and T1 papillary bladder tumors is
complete transurethral resection, including part of the
underlying muscular layer. During TURBT, all visible tu-
mors are removed, which is necessary for accurate sta-
ging (pT). A second-look TURBT is recommended in cases
of incomplete initial resection (absence of muscle tissue
in the sample), for all T1 tumors, and for all high-grade
tumors (HG/G3). Second-look TURBT should be per-
formed within 2-6 weeks after the initial operation [8].
Regardless of risk group, all patients should receive im-
mediate single-dose intravesical chemotherapy within
6 hours after TUR.

Alongside the active development of evidence-based
medicine, recent years have seen a trend toward modi-
fication of surgical techniques, including transurethral
resection. In particular, the en bloc TURBT technique,
in which the tumor is removed as a single block, has
gained widespread use among surgeons. This technique
offers several advantages over traditional TURBT, such
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as better-quality pathological samples, reduced recur-
rence rates, and fewer complications [9].

The clinician’s desire to minimize complication and
recurrence rates, combined with the progressive devel-
opment of medical technologies, has led to the adoption
of laser technologies in the treatment of NMIBC. Com-
pared to electrocoagulation, the use of lasers reduces the
frequency of reflexes of the obturator nerve, resulting in
fewer complications and providing higher-quality material
for pathological examination [10]. Transurethral thulium
laser resection of the bladder wall tumor, along with other
laser techniques, has become one of the most popular
surgical interventions for BC [11]. A study by Teodoro-
vich et al. [12] described the use of a neodymium laser
(Nd:YAG laser) for tumor bed ablation following classical
transurethral resection, which demonstrated favorable
outcomes in terms of recurrence and complications.

However, although studies on the surgical treatment
of NMIBC are largely focused on standardization of the
surgical procedure stages, the search for the optimal
surgical method in multi-specialty hospital setting re-
mains relevant.

The study aimed to clinically evaluate the results
of classical TURBT compared with TURBT followed by
Nd:YAG laser ablation of the tumor bed in patients with
non-muscle-invasive bladder cancer.

MATERIALS AND METHODS

The study was based on the results of surgical treat-
ment of 97 patients with NMIBC, who underwent TURBT
at the clinical bases of the Department of Endoscopic
Urology of the Russian Medical Academy of Continuing
Professional Education, as well as in the urological hos-
pitals of the following institutions: Central Clinical Hos-
pital Russian Railways Medicine, Central Clinical Hospital
of Civil Aviation, Medical-Sanitary Unit of the Ministry of
Internal Affairs of Russia for Moscow, and City Clinical
Hospital No. 13 of the Moscow City Health Department,
between 2012 and 2023.

The study design involved three stages. The first stage
focused on evaluating the informativeness of modern di-
agnostic methods for BC, allowing for the determination
of the feasibility of surgical treatment. The second stage
included a comprehensive assessment of intra- and post-
operative complications associated with the transurethral
interventions performed using the mentioned methods.
The third stage was dedicated to the analysis of long-
term treatment outcomes following the application of
these techniques, specifically assessment of recurrence-
free survival after surgery.

All patients were stratified into two groups based
on the surgical intervention method. The first group in-
cluded patients who underwent classical bipolar TURBT.
The second group included patients who underwent the
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Fig. 1. Transurethral resection of the bladder wall tumor
Puc. 1. 37an TpaHcypeTpanbHoii pe3eKLMM CTEHKWN MOYEBOTO My3bIpsi C ONYX0/bio

Fig. 2. Nd:YAG laser ablation of the bladder tumor bed
Puc. 2. 3tan Nd:YAG-nasepHoit abnsumm noxa onyxonu

MOYEBOro My3blps

same procedure followed by Nd:YAG laser ablation of the
tumor bed.

Inclusion criteria: patients aged 30 to 75 years, with
histologically confirmed BC, either primary or recur-
rent NMIBC, ranging from 1 to 3 cm in size at stages
pTa-T1. Exclusion criteria: patients with multiple blad-
der lesions, tumors extending to the bladder neck, ure-
ter, prostatic urethra, or patients with benign bladder
lesions as determined by histology. Diagnostic proce-
dures for bladder tumors included urinalysis, ultrasound
of the bladder and kidneys, pelvic magnetic resonance
imaging (MRI), contrast-enhanced pelvic computed to-
mography (CT), and diagnostic cystoscopy. In some
cases, patients were admitted to the urology depart-
ment via emergency medical services with an initial
diagnosis of ICD10 R31 (unspecified hematuria). Fol-
lowing the confirmation of a volumetric lesion in the
bladder, TURBT was performed, followed by histological
verification.

00l https://dai.org/10.17816/urovedb32520

Group 1 consisted of 49 patients (mean age 62.4 + 9.0
years), who underwent classical TURBT, followed by in-
travesical chemotherapy. Group 2 included 48 patients
(mean age 57.7 £ 11.2 years), who underwent TURBT
followed by Nd:YAG laser ablation of the tumor bed and
postoperative intravesical chemotherapy. All surgeries
were performed under spinal anesthesia. The surgical
procedure included diagnostic urethrocystoscopy to as-
sess the condition of the urethra, bladder neck, blad-
der mucosa, the location of the ureteral orifices, and the
number and size of lesions. The next step was bladder
wall tumor resection down to the muscular layer, using
either en bloc resection or standard TURBT with various
energy sources (Fig. 1). The final step involved hemo-
stasis using various energy sources (bipolar, laser), and
tumor bed ablation with Nd:YAG laser in group 2 patients
(Fig. 2).

After surgery, a 3-way Foley urethral catheter (18 Ch)
was placed for 1 to 4 days. Within one hour after surgery,
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all patients received intravesical chemotherapy with 50
mg of doxorubicin; the exposure lasted 2 hours. Differ-
ent laser and surgical equipment was used in different
medical institutions, including the Auriga XL 50W laser
system, FiberLase U3 laser system, AUTOCON Il 400
high-frequency generator, Karl Storz bipolar resec-
toscope, and the Lazurit Nd:YAG laser complex. Endo-
scopic evaluation of the surgical treatment effectiveness
was carried out at the clinical base of the Department
of Endoscopic Urology at Central Clinical Hospital Rus-
sian Railways Medicine at months 3, 6, and 12 after
surgery.

The statistical analysis of the data was performed
using the Statistica v. 10.0 software package. Arithme-
tic mean (M) and standard deviation (o) were used to
describe quantitative variables. Statistical significance
of the frequency difference was assessed using the chi-
squared test (x%). The differences were considered sta-
tistically significant at p < 0.05.

RESULTS

The characteristics of the operated patients in both
groups are presented in Table 1.

The average duration of surgery in group 1 patients,
who underwent only TURBT, was 20.5 + 5 min, whereas
in group 2 (TURBT followed by laser ablation of the tumor
bed) it was 27 + 6 min (p < 0.05). The average length of
hospital stay after surgery ranged from 2 to 6 days. The
duration of hospitalization in group 2 was slightly shorter
(3.2 £ 1.4 days) compared with group 1 (3.6 + 1.5 days).
Group 2 patients had a shorter duration of urethral

Table 1. Characteristics of patients in groups 1and 2 (n = 97)
Tabnuua 1. Xapaktepuctuka naumentos rpynn 1un 2 (n = 97)
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catheter placement, which is likely due to better hemo-
stasis during tumor bed treatment.

Early postoperative complications in the operated
patients were analyzed. Grade | complications according
to the Clavien-Dindo classification (irritative and hem-
orrhagic symptoms associated with the placement of
drainage, a 3-way Foley catheter) were noted in 7 (7.2%)
patients; Grade Il complications (clinically significant
macrohematuria requiring active hemostatic therapy)
were observed in 10 (10.3%) patients, with 8 (8.2%) cases
occurring after classical TURBT and 2 (2%) after Nd:YAG
laser ablation. No Grade I, IV, or V complications were
noted in this study.

The patients were monitored for 1 year after surgery,
with cystoscopy performed at months 3, 6, and 12 post-
surgery. In group 1, 13 recurrences of bladder cancer
were observed during the specified period (Table 2), 9 of
which were located at the site of the primary tumor bed.
In group 2, 4 recurrences were detected, with none oc-
curring at the site of the primary tumor. Within 12 months
after surgery, the recurrence rate in group 2 was signifi-
cantly lower than in group 1 (x2 = 5.5, p < 0.05).

DISCUSSION

In recent years, there has been a trend toward
a steady increase in the incidence of BC among the most
socially active population groups. This is largely associ-
ated with an unhealthy lifestyle, poor nutrition, harm-
ful habits such as smoking, adverse working conditions,
genetic predisposition, and urinary tract infections. All of
the above highlights the socio-economic significance of

Sex Hospitalization
Group Age, years (M + o)
Male | Female Planned, n | Emergency, n
Group 1 (n =49) 62.4+9.0 36 (73.5%) 13 (26.5%) 33 (67.3%) 16 (32.7%)
Group 2 (n = 48) 57.7 +11.23 37 (77.1%) 11 (22.9%) 28 (58.3%) 20 (41.7%)

Note. No statistically significant differences were found between groups (p > 0.05).
[Mpumeyarue. CTaTUCTUYECKM 3HAYUMBIX pasnumii Mexay rpynnamu He BoisereHo (p > 0,05).

Table 2. Recurrence of bladder cancer in groups 1 and 2 within 12 months after surgery (n = 97)
Tabnuua 2. Peunamsbl paka Mo4eBOro ny3bipsa y nauueHToB rpynn 11 2 B TedeHve 12 Mec. nocne onepaumu (n = 97)

Follow-up period

Group

3 months 6 months 12 months | Total
Group 1 (n = 49) 3 5 4 13
Group 2 (n = 48) - 1 3 4

Note. Differences in bladder cancer recurrence rates between patients in both groups are statistically significant (p < 0.05).
[MpumMeyaHue. Pasnnunsi B YacToTe peLMAMBMPOBaHNS paka MOYEBOT0 Ny3bIps Y NauMeHToB 0beux rpynn cTaTMCTUHecKM 3HaumMbl (p < 0,05).
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this issue, which requires improvements in the effective-
ness of treatment, including the implementation of mod-
ern surgical techniques.

The wide use of various energy sources in cancer
treatment has significantly enhanced the existing surgical
arsenal. However, when analyzing current global experi-
ence and achievements of Russia in transurethral bladder
surgery using various energy sources over the past de-
cades, it is important to note that the literature describes
very few studies dedicated to the use of laser energy in
tumor bed treatment, evaluating its effectiveness, and
developing individualized approaches to the indications
for its application. The insufficiency of information on
these issues presents a promising and relevant subject
of scientific inquiry, motivating the oncological urology
community to conduct large-scale prospective studies in
this field.

In an effort to compare classical TURBT with TURBT
followed by Nd:YAG laser ablation of the tumor bed, we
analyzed retrospective and prospectively supported da-
tabases from urological departments at Central Clini-
cal Hospital Russian Railways Medicine, Central Clinical
Hospital of Civil Aviation, Medical Sanitary Unit of the
Ministry of Internal Affairs of Russia in Moscow, and
City Clinical Hospital No. 13 of the Moscow City Health
Department. The analysis of the study findings allows
us to draw a well-founded conclusion about the high
effectiveness of TURBT followed by Nd:YAG laser abla-
tion of the tumor bed in patients with localized bladder
neoplasms. We believe that Nd:YAG laser ablation of the
tumor bed induces limited irreversible thermal damage to
the wound edge and the tissue at the base of the wound,
which ensures the radical nature of the surgical interven-
tion. The use of Nd:YAG laser ablation of the tumor bed
is associated with a reduction in complications during
the early postoperative period and demonstrates fewer
recurrences compared to the classical TURBT method.
The active implementation of laser technologies in clini-
cal practice could significantly enhance the treatment of
patients with NMIBC by minimizing the risk of tumor re-
currence and reducing the likelihood of complications.

CONCLUSION

The results of the conducted study indicate the prom-
ising potential of using laser technologies in the treat-
ment of BC. The widespread implementation of these
technologies in clinical practice will enable personalized
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