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The influence of anesthesia type on recurrence of the non-muscle invasive 
bladder tumor according to risk groups: 3 year follow up

 Risk gruplarına göre non-muscle invaziv mesane tümörünün nüksüne anestezi 
türünün etkisi: 3 yıllık takip

Sinan Çelen, Aslı Mete Yıldız, Yusuf Özlülerden, Mesut Berkan Duran, Kürşat Küçüker, Alper Şimşek, 
Aykut Başer, Yunus Yaz, Kadir Ömür Günseren 

Abstract
Purpose: Many risk factors affecting bladder cancer recurrence, such as genetic and environmental factors, 
have been previously identified. It has been stated that risk factors that cause immunosuppression play a role 
in the spread of cancer cells. Anesthetic agent, which is a perioperative factor, may affect the risk of cancer 
recurrence by disrupting the immune system. The aim of this study was to compare the effect of regional 
anesthesia (RA) and general anesthesia (GA) on non-muscle invasive bladder cancers (NMIBC) recurrence.
Materials and methods: A total of one hundred seventy-eight patients who underwent transurethral bladder 
tumor resection (TURBT) for NMIBC and underwent surgery under GA or RA between 2011 and 2016 in the 
urology departments of Pamukkale University and Uludag University were included in the study. In the first 
group, 80 patients had RA. In the second group, 98 patients underwent GA during TURBT for NMIBC.
Results: The recurrence time was shorter in the GA group (5.5 months) than in the RA group (11 months) 
(p=0.015). First-year relapse was higher in the GA group than in the RA group (p=0.048), but there was no 
difference in third-year relapse between groups (p=0.810). The mean recurrence time was 11 months (95% CI; 
9.058-12.942) in the RA group and 5 months (95% CI; 2.090-7.910) in the GA group (p=0.031).
Conclusion: During transurethral resection of the bladder tumor, an increase in the recurrence time was 
observed in patients with intermediate-risk NMIBC who received RA compared to patients who received GA. RA 
provided a 7-month benefit in relapse delay.
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Öz
Amaç: Mesane kanseri nüksünü etkileyen genetik ve çevresel faktörler gibi birçok risk faktörü önceden 
belirlenmiştir. İmmünsüpresyon yaratan risk faktörlerinin, kanser hücrelerinin yayılmasında rol oynadığı 
belirtilmiştir. Perioperatif bir faktör olan anestezik ajan, bağışıklık sistemini bozarak kanser nüksü riskini 
etkileyebilir. Bu çalışmanın amacı, bölgesel anestezi (BA) ve genel anestezi (GA) etkilerini özellikle kas invaziv 
olmayan mesane kanseri (KİOMK) nüksü üzerinde karşılaştırmaktır.
Gereç ve yöntem: Pamukkale Üniversitesi ve Uludağ Üniversitesi Üroloji bölümlerinde 2011-2016 yılları 
arasında KİOMK için transüretral mesane tümör rezeksiyonu (TURM) geçiren toplamda 178 hasta çalışmaya 
dahil edildi. Birinci grupta 80 hasta BA aldı. İkinci grupta ise 98 hasta KİOMK için TURM sırasında GA aldı.

Sinan Çelen, Assoc. Prof. Pamukkale University, Faculty of Medicine, Surgical Medical Sciences, Department of Urology, Denizli, Türkiye, 
e-mail: sinancelen@hotmail.com (https://orcid.org/0000-0003-4309-2323)
Aslı Mete Yıldız, Asst. Prof. Pamukkale University, Faculty of Medicine, Surgical Medical Sciences, Department of Anesthesiology and 
Reanimation, Denizli, Türkiye, e-mail: amete@pau.edu.tr (https://orcid.org/0000-0002-5621-7407)
Yusuf Özlülerden, Assoc. Prof. Pamukkale University, Faculty of Medicine, Surgical Medical Sciences, Department of Urology, Denizli, Türkiye, 
e-mail: yusufozlu35@hotmail.com (https://orcid.org/0000-0002-6467-0930)
Mesut Berkan Duran, Asst. Prof. Pamukkale University, Faculty of Medicine, Surgical Medical Sciences, Department of Urology, Denizli, Türkiye, 
e-mail: drberkanduran@gmail.com (https://orcid.org/0000-0002-8597-2081)
Kürşat Küçüker, Asst. Prof. Pamukkale University, Faculty of Medicine, Surgical Medical Sciences, Department of Urology, Denizli, Türkiye, 
e-mail: kursat_kucuker@hotmail.com (https://orcid.org/0000-0002-5558-327X)
Alper Şimşek, M.D. Pamukkale University, Faculty of Medicine, Surgical Medical Sciences, Department of Urology, Denizli, Türkiye, e-mail: 
drsimsekalper@gmail.com (https://orcid.org/0000-0002-0513-4505) (Corresponding Author)
Aykut Başer, Assoc. Prof. Bandirma Onyedi Eylul University, Faculty of Medicine, Surgical Medical Sciences, Department of Urology, Balikesir, 
Türkiye, e-mail: aqut85@windowslive.com (https://orcid.org/0000-0003-0457-512X)
Yunus Yaz, Research Asst. Pamukkale University, Faculty of Medicine, Surgical Medical Sciences, Department of Urology, Denizli, Türkiye, 
e-mail: ynsyz20@gmail.com (https://orcid.org/0009-0006-9972-6611)
Kadir Ömür Günseren, Assoc. Prof. Bursa Uludag University, Faculty of Medicine, Surgical Medical Sciences, Department of Urology, Bursa, 
Türkiye, e-mail: kadiromur@uludag.edu.tr (https://orcid.org/0000-0001-8673-3093)



54

Bulgular: Nüks süresi GA grubunda (5,5 ay) BA grubundan (11 ay) daha kısa idi (p=0,015). İlk yıl nüks, GA 
grubunda BA grubuna göre daha yüksekti (p=0,048), ancak gruplar arasında üçüncü yıl nüksünde farklılık yoktu 
(p=0,810). Ortalama nüks süresi BA grubunda 11 ay (%95 CI; 9,058-12,942) ve GA grubunda 5 ay (%95 CI; 
2,090-7,910) idi (p=0,031).
Sonuç: Mesane tümörünün transüretral rezeksiyonu sırasında BA alan orta riskli KİOMK hastalarında GA alan 
hastalara göre nüks süresinde artış gözlendi. BA, nüks gecikmesinde 7 aylık bir fayda sağladı.

Anahtar kelimeler: Mesane kanseri, mesane tümörü, bölgesel anestezi, genel anestezi.
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gruplarına göre non-muscle invaziv mesane tümörünün nüksüne anestezi türünün etkisi: 3 yıllık takip. Pam Tıp 
Derg 2025;18:53-60.

Introduction

Bladder cancer (BC) is the ninth most 
common cancer in the world [1]. In total, 70% 
of bladder cancers are non-muscle invasive 
bladder cancers (NMIBCs) at the time of 
diagnosis and are treated with transurethral 
bladder tumor resection (TURBT) as primary 
treatment [2]. Many risk factors, such as 
genetics and environmental determinants, 
that affect bladder cancer recurrence, have 
been previously described. However, a limited 
number of studies focusing on the relation 
between perioperative factors and NMIBC 
recurrences were found in the literature [3]. 
The anesthetic agent, a perioperative factor, 
may have an influence on the risk of cancer 
recurrence, which could have a wide-ranging 
impact on progression by disrupting the balance 
of cancer immune editing [4].

In recent years, risk factors leading to 
immunosuppression have been described, and 
these factors play a role in spreading cancer 
cells. It has been reported that opioids used in 
RA have less immunosuppression and fewer 
negative effects on anti-cancer cells [3, 5]. 
Similar results have been reported for better 
oncological outcomes of RA in a meta-analysis 
[6]. However, the impact of anesthesia type 
on NMIBC recurrence has not been widely 
evaluated.

The European Organization for Research and 
Treatment of Cancer’s (EORTC) Genito-Urinary 
Cancer Group developed a scoring system to 
predict the risks of disease recurrence [7]. The 
risk groups differ from each other in accordance 
with oncological behaviors. Analyzing the 
recurrence according to the EORTC risk group 

could prevent the effect of risk groups on the 
anesthesia type. To the best of our knowledge, 
there is only one study investigating the effect 
of anesthesia type on NMIBC recurrence rates 
with regard to EORTC risk groups [8].

In our study, we hypothesized that regional 
anesthesia (RA) decreased the recurrence 
of NMIBC compared to general anesthesia 
(GA) after TURBT. The aim of this study was 
to compare the effect of RA and GA on the 
recurrence of NMIBC in different EORTC risk 
groups.

Materials and methods 

Data source and selection criteria

This retrospective study was approved by 
the Pamukkale University Non-Interventional 
Clinical Research Ethics Committee. (Board 
meeting dated 27.11.2018 and numbered 22). 
Six hundred and twenty-six patients who had 
undergone TURBT for NMIBC between 2011 
and 2016 in the urology department of the 
Pamukkale University and Uludag University 
under GA or RA were evaluated. The patients’ 
medical data were obtained from the electronic 
health record system. Patients operated on BC 
previously, those with failed RA, incomplete 
TURBT, those lost to follow-up or with incomplete 
data, those with benign pathology or patients 
with clinical stages 3, 4, or pathological stage 
2 cancer, and those with synchronous tumors 
were excluded (Table 1). In total, one hundred 
and seventy-eight patients were included in the 
study. In the first group (Group RA), 80 patients 
had undergone RA. In the second group (Group 
GA), 98 patients had undergone GA during 
TURBT for NMIBC. 

Pamukkale Medical Journal 2025;18(1):53-60 Celen et al.
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Table 1. Exclusion criteria

General anesthesia Exclusion criteria Regional anesthesia

Total 360 266

Excluded n

13 Loss on Follow up 9

9 Failed RA 6

49 Clinical stage 3, 4 35

67 Incomplete TURBT 58

26 Incomplete data 22

44 Muscle invasive tumor 18

31 Reoperation 22

23 Other tumor or surgery 16

Included n 98 80

RA: regional anesthesia, TURBT: transurethral bladder tumor resection

Demographic information including the 
American Society of Anesthesiologists (ASA), 
age, sex, tumor characteristics (e.g., tumor 
number, size, and pathological characteristics), 
and intravesical Bacillus Calmette-Guérin 
(BCG) treatment were collected. The EORTC 
Genito-Urinary Cancers Group risk table was 
used as risk categorization to stratify into 
low, intermediate, or high risks to ignore the 
heterogeneity. Installation of BCG or mitomycin 
into the urinary bladder was recorded. The 
cystoscopic evaluation was performed once 
every three months during the first and second 
years, and once every six months in the third year 
unless recurrence developed. All recurrences 
were histologically verified with cystoscopy. 

Anesthesia techniques 

All of the enrolled patients had undergone 
TURBT under GA or RA. The type of 
anesthesia administered to the patient was 
determined according to the preference of the 
anesthesiologist, depending on the clinical 
condition of the patient. Administration of GA 
included propofol (2-3 mg/kg) and 0.5 mcg/
kg/min remifentanil infusion for induction 
and rocuronium (0.5-0.6 mg/kg) for muscle 
relaxation. GA was performed with 50% oxygen, 
50% air, and sevoflurane (1-3 vol%). We had no 

painful procedure; hence, analgesics or opioids 
were not used intraoperatively. However, 30 
mg intravenous ketorolac was administered for 
postoperative pain when necessary. For RA, 
spinal anesthesia (SA) was applied, and 10-12 
mg of 0.5% heavy bupivacaine was used. The 
patient was sedated with midazolam (2-5 mg) 
intravenously.

The time of the first recurrence was noted. 
The rates of recurrence during the 1st, 2nd, and 
3rd years were compared.

Statistical methods

SPSS version 22 (IBM Corp, Armonk, NY, 
USA) was used to perform all statistical analyses. 
The Shapiro-Wilk test was used to assess 
the normality of the continuous variables. The 
normally distributed continuous variables were 
analyzed using the Student’s t-test, and the non-
normally distributed continuous variables were 
analyzed using the Mann-Whitney U-test. The 
nominal data were assessed by the chi-square 
test. The Kaplan–Meier analysis was used to 
estimate the recurrence curves after TURBT. 
The log-rank test was performed to provide a 
statistical comparison between the groups. A 
p value of <0.05 was considered statistically 
significant.
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Table 2. The clinical and demographic characteristics of the groups

Group RA 
n=80

Group GA
n=98

p value

Age (years) Median (min- max) 72.5 (38-93) 70.0 (32-87) 0.179♦

BMI (kg/m2) (Mean±SD) 27.03±3.73 27.67±5.65 0.383◊

Hospital stay (days) (Mean±SD) 4.34±0.65 4.48±0.63 0.143◊

Operation time (minutes) (Mean±SD) 52.25±8.42 54.78±9.87 0.067◊

ASA physical status
ASA 1 n (%) 16 (20) 10 (10.2)

0.109¥ASA 2 n (%) 53 (66.3) 78 (79.6)
ASA 3 n (%) 11 (13.8) 10 (10.2)

Gender
Female n (%) 7 (8.8) 14 (14.3)

0.255¥

Male n (%) 73 (91.2) 84 (85.7)

Smoking 
No n (%) 47 (59.5) 62 (63.3)

0.608¥

Yes n (%) 32 (40.5) 36 (36.7)

Alcohol use
No n (%) 78 (97.5) 96 (98.0)

1.000#

Yes n (%) 2 (2.5) 2 (2.0)

Diabetes mellitus comorbidity
No n (%) 65 (81.2) 75 (76.5)

0.445¥

Yes n (%) 15 (18.8) 23 (23.5)

Hypertension comorbidity
No n (%) 32 (40.0) 51 (52.0)

0.109¥

Yes n (%) 48 (60.0) 47 (48.0)

Heart disease comorbidity
No n (%) 45 (56.3) 62 (63.3)

0.342¥

Yes n (%) 35 (43.7) 36 (36.7)

Tumor size
<3 cm n (%) 32 (40.0) 48 (49.0)

0.148¥

>3 cm n (%) 48 (60.0) 50 (51.0)

Tumor number
Single n (%) 38 (47.5) 59 (60.2)

0.062¥

Multiple n (%) 42 (52.5) 39 (38.8)

Tumor grade
Low grade n (%) 55 (68.8) 64 (65.3)

0.373¥

High grade n (%) 25 (31.3) 34 (34.7)

Tumor stage
Ta n (%) 62 (77.5) 56 (57.1)

0.004¥

T1 n (%) 18 (22.5) 42 (42.9)
Post-operative early Mitomycin-C 
application

No n (%) 65 (81.2) 85 (86.7)
0.317¥

Yes n (%) 15 (18.8) 13 (13.3)

Risk category
Low-risk tumours n (%) 10 (12.5) 22 (22.5)

0.161¥Intermediate-risk tumours n (%) 13 (13.7) 16 (16.3)
High-risk tumours n (%) 59 (73.8) 60 (61.2)

Carcinoma in situ
No n (%) 72 (90.0) 94 (95.9)

0.117¥

Yes n (%) 8 (10.0) 4 (4.1)
♦ Mann-Whitney U test, ◊ Student t test, ¥ Chi-square test, # Fisher’s exact test 
ASA: American Society of Anesthesiologists, GA: general anesthesia, RA: regional anesthesia 
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Results

The median age of the patients was 72.5 
years in the RA group and 70 years in the 
GA group. The mean follow-up time was 36.7 
(±4.23) months in the RA group and 37.15 
(±5.97) months in the GA group (p=0.56). The 
clinical demographic characteristics of the 
groups are presented in Table 2. No differences 

were observed in any parameters between the 
groups except for tumor stage. Tumor stage 
T1 was more prevalent in the GA group than in 
the RA group (42.9% vs. 22.5%, respectively; 
p=0.004). Hospital stays and operation 
times were similar between the groups. No 
patient received blood transfusions during the 
perioperative period.
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Table 3. Recurrence properties of groups

Group SA
(Spinal Anesthesia)
n=80

Group GA
(General Anesthesia)
n=98

p value

Recurrence time (months) 
Median (Min.- Max.)

11.0 (1-36) 5.5 (1-36) 0.015♦

1th Year Recurrence
No n (%) 36 (45.0) 30 (30.6)

0.048¥

Yes n (%) 44 (55.0) 68 (69.4)

3th Year Recurrence
No n (%) 13 (36.1) 10 (33.3)

0.810¥

Yes n (%) 23 (63.9) 20 (66.7)
♦ Mann-Whitney U test, ¥ Chi-square test

Tablo 4. Recurrence properties of risk group stratification

Risk group stratification
Median time 
(months)

95% Confidence Interval

Lower Bound Upper Bound

Low-risk tumours 13.0 8.574 17.426

Intermediate-risk tumours 12.0 9.819 14.181

High-risk tumours 5.0 3.666 6.334

♦ The Kaplan–Meier analysis

The recurrence time was shorter in the GA 
group (5.5 months) than in the RA group (11 
months) (p=0.015). While the recurrence rate 
in the first year was higher in the GA group 
compared to the RA group (p=0.048), there was 
no difference in the third-year recurrence rate 
between the groups (p=0.810) (Table 3).

The median recurrence time was 11 months 
(95% CI; 9.058-12.942) in the RA group and 5 
months (95% CI; 2.090-7.910) in the GA group 
(p=0.031).

The results regarding the effect of the EORTC 
risk category on recurrence were as follows: an 
earlier recurrence time was observed in high-
risk tumors than in low- and intermediate-risk 
tumors (p=0.010 and p=0.002, respectively). 

There was no difference between low-risk and 
intermediate-risk tumors (p=0.460).

The recurrence times according to the risk 
categories are displayed in Table 4. There was 
a significant difference between the groups 
regarding recurrence times, regardless of the 
risk category (p=0.008). The recurrence times 
according to the risk categories of the groups 
are given in Table 5. The recurrence times 
were similar in low-risk tumors (p=0.489). The 
recurrence time was significantly longer in the 
RA group than in the GA group for intermediate-
risk tumors (17 and 10 months, respectively; 
p=0.028). The recurrence time was longer in 
the RA group than in the GA group for high-risk 
tumors (9 and 4 months, respectively; p=0.057).
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Tablo 5. Recurrence times according to the risk categories of the groups

Risk group stratification
Median time
(months)

95% Confidence Interval
p valueLower Bound Upper Bound

Low-risk tumours
Group RA 14.0 10.901 17.099

0.489
Group GA 9.0 0.956 17.044

Intermediate-risk 
tumours

Group RA 17.0 16.740 30.351
0.028

Group GA 10.0 8.055 11.945

High-risk tumours
Group RA 9.0 4.489 13.511

0.057
Group GA 4.0 2.741 5.259

♦ The log-rank test ,RA: regional anesthesia, GA: general anesthesia
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Discussion

In the current study, we investigated the 
relationship between the anesthesia type and 
NMIBC postoperative recurrence. We found that 
the recurrence time was longer in the RA group 
than in the GA group. Many mechanisms have 
been defined to explain the potential benefit of 
RA on tumor recurrence. It was reported that 
RA decreased factor-1 production, resulting 
in reduced cancer cell proliferation; however, 
volatile anesthetic agents induced factor-1 
production [9]. Wada et al. [10] stated that epidural 
anesthesia increased the phagocytic function of 
monocytes during total hip arthroplasty surgery; 
however, GA decreased this function. Ahlers 
et al. [11] reported that RA reduced stress and 
decreased immunosuppression by activating 
the hypothalamic-pituitary-adrenal system, 
which reduced the activities of NK cells, T 
cells, and macrophages. In accordance with 
the mentioned studies, a recent in vitro study 
showed that lidocaine and ropivacaine used for 
RA inhibited the proliferation of gastric cancer 
cells [12].

Angiogenesis plays an essential role in tumor 
growth and metastasis [13]. Angiogenic factors 
are found in NMIBC [14]. Several researchers 
have agreed that the use of opioids increases 
pro-angiogenic effects [3, 15-17]. GA induces 
angiogenesis, mitogenesis, and metastasis in 
tumors, and opioid analgesics also reduce the 
response of the immune system [9].

In the literature, conflicting results have been 
reported on the influence of the anesthesia 
type on urological cancer recurrence, and 
most of these studies have evaluated prostate 

cancer. However, a limited number of studies 
have investigated the relationship between 
anesthesia type and bladder cancer recurrence. 
A meta-analysis on the effect of anesthesia 
type on prostate cancer outcomes reported 
no differences between GA and combined RA 
and GA with regard to biochemical recurrence-
free survival or progression-free survival with 
a median follow-up of 3.2 to 16.2 years [18]. 
However, the mortality rate was decreased by 
19% in patients receiving RA combined with 
GA, significantly improving overall survival [16]. 
Doiron et al. [19] reported no differences in 
the effect of neuroaxial analgesia (single dose 
intrathecal opioid) on muscle-invasive bladder 
cancer. However, these studies compared GA 
with GA combined with RA, which is different 
from the current study.

In their retrospective study, Jang et al. [20] 
found no detectable differences in recurrence 
rates after five years of follow-up between 
patients who had undergone TURBT under RA 
and GA, but they reported significant partial 
correlations between an increased 5-year 
survival and RA. However, the number of 
patients receiving GA was far fewer than those 
receiving RA in that study. On the contrary, in 
the present study, RA reduced the recurrence of 
patients with NMIBC compared to GA. Likewise, 
Choi et al. [21] showed that RA was associated 
with a lower incidence of recurrence and a longer 
time (approximately 6 months) to recurrence 
with a median follow-up of 35 months compared 
to GA in patients who had undergone TURBT. 
Different from those studies, we additionally 
evaluated recurrence according to the EORTC 
risk group.
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The EORTC Genito-Urinary Cancer Group 
developed a scoring system to predict the risks 
of disease recurrence and progression based 
on the number of tumors, tumor diameter, 
prior recurrence rate, pathology characteristics 
including stage, concurrent CIS, and grade 
[7]. The treatment and follow-up protocols are 
based on the prognosis of patients with NMIBC 
[22].

NMIBC is classified as low-, intermediate-, and 
high-risk according to the EORTC classification. 
We analyzed the patients according to the 
EORTC classification, as the risk groups differ 
from each other in accordance with recurrence 
rate, progression, and oncological behavior. In 
this way, we could prevent the influence of the 
differences in the risk groups on recurrence.

In the present study, subgroup analysis 
revealed that RA reduced cancer recurrence 
in the intermediate-risk group, but there was 
no benefit of RA on recurrence in the low-risk 
group. However, in the high-risk group, RA 
had a 5-month recurrence benefit over GA 
(p=0.056). It should be kept in mind that several 
factors, such as the oncological characteristics 
of high-risk NMIBC, are dissimilar to those of 
intermediate- and low-risk NMIBC. High-risk 
NMIBC has different oncogenic features, and 
circulating tumor cells are defined in some 
high-risk patients [23, 24]. In our study, these 
factors may have limited the effect of RA on 
the recurrence of high-risk NMIBC. On the 
contrary, Koumpan et al. [8] stated that GA was 
associated with a higher incidence of recurrence 
and an earlier time to recurrence compared to 
RA in patients with NMIBC who had undergone 
TURBT. They also reported that RA significantly 
reduced the rate of recurrence in the high-risk 
patient group [24]. The different results noted 
between that study and ours may relate to 
the variations between the high-risk patients 
included in the studies.

This study had some limitations. This study 
includes retrospective data taken from two 
centers. However, a standard data sheet was 
used for data extraction to minimize the scope 
for bias. The number of patients with high-risk 
NMIBC was higher in the GA group than in the 
RA group, which was another limitation of this 
study. To prevent the influence of the differences 
in the risk groups on recurrence, we compared 

the anesthesia groups according to EORTC 
risk groups. Biological and environmental 
factors can affect cancer progression. It is also 
important whether patients smoke or not during 
their follow-up. Despite these limitations, the 
present findings serve as a recommendation for 
clinicians when choosing the type of anesthesia 
during TURBT for NMIBC.

Further prospective multicenter studies 
are needed to compare the effects of different 
types of anesthesia on cancer recurrence after 
TURBT with a larger sample size.

In conclusion, during transurethral resection 
of the bladder tumor, an increased recurrence 
time was observed in patients with intermediate-
risk NMIBC who received RA compared to 
those who received GA. RA provided a 7-month 
benefit in delaying relapse.

Funding: None.

Authors contributions: S.C.: Research 
design, data analysis, manuscript writing/ 
editing. Y.O.: Research design, data analysis. 
A.M.: Protocol development, data collection. 
A.B.: Management, manuscript writing/editing. 
M.B.D.: Manuscript writing/editing. K.K.: 
Protocol development, data collection. A.S.: 
Protocol development. Y.Y.: Data collection, 
data analysis. K.O.G.: Supervision. All authors 
read and approved the final manuscript.

Conflict of interest: No conflict of interest was 
declared by the authors.

References
1.	 Cata JP, Hernandez M, Lewis VO, Kurz A. Can regional 

anesthesia and analgesia prolong cancer survival after 
orthopaedic oncologic surgery?. Clin Orthop Relat 
Res. 2014;472(5):1434-1441. doi:10.1007/s11999-
013-3306-y

2.	 Faba OR, Palou J, Breda A, Villavicencio H. High-
risk non-muscle-invasive bladder cancer: update for 
a better identification and treatment. World J Urol. 
2012;30:833-840. doi:10.1007/s00345-012-0967-1

3.	 Cassinello F, Prieto I, del Olmo M, Rivas S, Strichartz 
GR. Cancer surgery: how may anesthesia influence 
outcome?. J Clin Anesth. 2015;27(3):262-272. 
doi:10.1016/j.jclinane.2015.02.007

4.	 Lusty AJ, Hosier GW, Koti M, et al. Anesthetic 
technique and oncological outcomes in urology: A 
clinical practice review. Urol Oncol. 2019;37(12):845-
852. doi:10.1016/j.urolonc.2019.08.004



60

Pamukkale Medical Journal 2025;18(1):53-60 Celen et al.

5.	 Kim R. Anesthetic technique and cancer recurrence 
in oncologic surgery: unraveling the puzzle. Cancer 
Metastasis Rev. 2017;36(1):159-177. doi:10.1007/
s10555-016-9647-8

6.	 Sun Y, Li T, Gan TJ. The Effects of Perioperative 
Regional Anesthesia and Analgesia on Cancer 
Recurrence and Survival After Oncology Surgery: 
A Systematic Review and Meta-Analysis. Reg 
Anesth Pain Med. 2015;40(5):589-598. doi:10.1097/
AAP.0000000000000273

7.	 Sylvester RJ, van der Meijden AP, Oosterlinck W, et 
al. Predicting recurrence and progression in individual 
patients with stage Ta T1 bladder cancer using EORTC 
risk tables: a combined analysis of 2596 patients from 
seven EORTC trials. Eur Urol. 2006;49(3):466-477. 
doi:10.1016/j.eururo.2005.12.031

8.	 Koumpan Y, Jaeger M, Mizubuti GB, et al. Spinal 
Anesthesia is Associated with Lower Recurrence 
Rates after Resection of Nonmuscle Invasive Bladder 
Cancer. J Urol. 2018;199(4):940-946. doi:10.1016/j.
juro.2017.11.064

9.	 Deegan CA, Murray D, Doran P, Ecimovic P, Moriarty 
DC, Buggy DJ. Effect of anaesthetic technique on 
oestrogen receptor-negative breast cancer cell function 
in vitro [published correction appears in Br J Anaesth. 
2010 Apr;104(4):516]. Br J Anaesth. 2009;103(5):685-
690. doi:10.1093/bja/aep261 

10.	 Wada H, Seki S, Takahashi T, et al. Combined spinal 
and general anesthesia attenuates liver metastasis by 
preserving TH1/TH2 cytokine balance. Anesthesiology. 
2007;106(3):499-506. doi:10.1097/00000542-
200703000-00014

11.	 Ahlers O, Nachtigall I, Lenze J, et al. Intraoperative 
thoracic epidural anaesthesia attenuates stress-induced 
immunosuppression in patients undergoing major 
abdominal surgery. Br J Anaesth. 2008;101(6):781-
787. doi:10.1093/bja/aen287 

12.	 Yang W, Cai J, Zhang H, Wang G, Jiang W. Effects 
of Lidocaine and Ropivacaine on Gastric Cancer Cells 
Through Down-regulation of ERK1/2 Phosphorylation 
In Vitro. Anticancer Res. 2018;38(12):6729-6735. 
doi:10.21873/anticanres.13042

13.	 Folkman J. Role of angiogenesis in tumor growth and 
metastasis. Semin Oncol. 2002;29(6 Suppl 16):15-18. 
doi:10.1053/sonc.2002.37263

14.	 Temeltaş G, Kosova F, Ucer O, Muezzinoglu T, Arı Z. 
Effects of treatment on angiogenic (Vascular Endothelial 
Growth Factor-2 and Matrix Metalloproteinase-2) and 
antiangiogenic (Endostatin and Thrombospondin-1) 
factors in non-muscle invasive bladder carcinoma. J 
Urol Surg. 2017;4(2):71-75. doi:10.4274/jus.1306

15.	 Byrne K, Levins KJ, Buggy DJ. Can anesthetic-
analgesic technique during primary cancer surgery 
affect recurrence or metastasis? Can J Anaesth. 
2016;63:184-192. doi:10.1007/s12630-015-0523-8

16.	 Martin Kleiner I, Balog T, Gabrilovac J. Signal 
transduction induced by opioids in immune cells: a 
review. Neuroimmunomodulation. 2006;13(1):1-7. 
doi:10.1159/000092107

17.	 Gupta K, Kshirsagar S, Chang L, et al. Morphine 
stimulates angiogenesis by activating proangiogenic 
and survival-promoting signaling and promotes breast 
tumor growth. Cancer Res. 2002;62(15):4491-4498.

18.	 Lee BM, Singh Ghotra V, Karam JA, Hernandez M, Pratt 
G, Cata JP. Regional anesthesia/analgesia and the risk 
of cancer recurrence and mortality after prostatectomy: 
a meta-analysis. Pain Manag. 2015;5(5):387-395. 
doi:10.2217/pmt.15.30

19.	 Christopher Doiron R, Jaeger M, Booth CM, Wei X, 
Robert Siemens D. Is there a measurable association 
of epidural use at cystectomy and postoperative 
outcomes? A population-based study. Can Urol Assoc 
J. 2016;10(9-10):321-327. doi:10.5489/cuaj.3856

20.	 Jang D, Lim CS, Shin YS, et al. A comparison of 
regional and general anesthesia effects on 5 year 
survival and cancer recurrence after transurethral 
resection of the bladder tumor: a retrospective analysis. 
BMC Anesthesiol. 2016;16:16. Published 2016 Mar 12. 
doi:10.1186/s12871-016-0181-6

21.	 Choi WJ, Baek S, Joo EY, et al. Comparison of the effect 
of spinal anesthesia and general anesthesia on 5-year 
tumor recurrence rates after transurethral resection 
of bladder tumors. Oncotarget. 2017;8(50):87667-
87674. Published 2017 Sep 16. doi:10.18632/
oncotarget.21034

22.	 Woldu SL, Bagrodia A, Lotan Y. Guideline of 
guidelines: non-muscle-invasive bladder cancer. BJU 
Int. 2017;119(3):371-380. doi:10.1111/bju.13760

23.	 Nicolazzo C, Busetto GM, Gradilone A, et al. Circulating 
Tumor Cells Identify Patients with Super-High-Risk 
Non-Muscle-Invasive Bladder Cancer: Updated 
Outcome Analysis of a Prospective Single-Center 
Trial. Oncologist. 2019;24(5):612-616. doi:10.1634/
theoncologist.2018-0784

24.	 Soria F, Krabbe LM, Todenhöfer T, et al. Molecular 
markers in bladder cancer. World J Urol. 2019;37(1):31-
40. doi:10.1007/s00345-018-2503-4


