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Abstract: Radical cystectomy (RC) is an integral part of the management of patients with advanced-
stage bladder cancer. This major oncologic operation is prone to complications resulting in morbidity
and mortality. We analyzed the critical steps of open RC, performed an evidence-based review of
these steps, and discussed our experience and approach. We conducted a literature review of the open
RC technique, identified the critical steps that consistently appeared across different sources, and
organized these steps into a framework. PubMed was queried with the critical steps as keywords for
relevant articles published from 1 January 2013 to 1 August 2023. We utilized this query to conduct a
systematic review of the literature using the outcomes of overall survival and 90-day complication
rate. We developed the “Summary for the 10 Critical Operative Steps of Radical Cystectomy”, a
concise guide to the approach to open RC. When available, an evidence-based analysis of each
critical step was performed. We also included additional components of cystectomy optimization
such as pre-habilitation in the preoperative phase, standard versus extended lymphadenectomy,
the vaginal-sparing approach to female radical cystectomy, patient-reported outcomes following
urinary diversion, the use of a mesh for stoma formation, and the use of the ERAS protocol for
postoperative care. An evidence-based assessment of RC may help provide valuable information to
optimize surgical techniques and patient outcomes.

Keywords: radical cystectomy; urologic oncology; bladder cancer; surgical technique; surgical
outcomes

1. Introduction

In 2018, bladder cancer (BC) was the tenth most common malignancy worldwide [1].
In the United States (US) in 2023, there were an estimated 82,290 new cases and 16,710
estimated deaths due to bladder cancer [2]. The demographics of BC are evolving, which
may be in part due to improvements in our understanding of treatment approaches and
the human genome (such as germline and acquired gene mutations which may predispose
an individual to BC) and changing worldwide risk factors [3]. For example, roughly half of
BC cases are related to cigarette smoking, the rate of which has declined in recent years
in many countries [4]. Similarly, workplace regulations have reduced exposure to known
high-risk carcinogens associated with BC [5].

Most BC cases are urothelial carcinoma (UC) in subtype (the remainder includes
squamous cell, sarcoma, lymphoma, and adenocarcinoma). Most bladder cancers are
diagnosed after patients present with hematuria. Cases are confirmed after transurethral
resection of bladder tumors (TURBT) and approximately 25% of these are muscle-invasive
BC (MIBC) at diagnosis [6]. Radical cystectomy (RC) with pelvic lymph node dissection
(PLND) remains the gold standard surgical treatment for MIBC and >10,000 surgeries are
performed each year in the US [7]. The procedure has traditionally been performed using
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an open approach and minimally invasive approaches are becoming increasingly utilized.
Regardless of the surgical approach, morbidity from radical cystectomy is consistent and
considerable with an estimated 20–30% re-admission rate and 20% of patients requiring
further invasive procedures [8]. A significant interest in minimally invasive surgery (MIS)
has arisen in the last two decades in an effort to decrease morbidity, and open RC still
remains commonly utilized with respect to laparoscopic and robotic techniques.

Several clinical trials to date have compared the open approach and the robotic
approach to RC. These trials are summarized in Table 1. These have shown, in short,
that there are equivalent oncologic outcomes between the approaches with mild significant
improvements for length of stay, complication rate, operative time, and blood loss for
robotic approaches.

Table 1. Prospective clinical trials comparing robotic RC to open RC.

Study Year Total Patients Primary Outcome(s) Observation between
Robotic and Open RC

Nix et al. [9] 2010 41 Lymph node yield No difference

Bochner et al. [10] 2015 118 90-day complication rate No difference

CORAL [11] 2016 164 30- and 90-day
complication rate

Favored robotic vs. open for
30-day complication rate
No difference for 90-day

complication rate

Bochner et al. (update) [12] 2018 118 Recurrence; cancer-specific survival;
overall survival No difference

RAZOR [13] 2019 350 Two-year progression-free survival No difference

CORAL
(update) [14] 2020 60 Recurrence; cancer-specific survival;

overall survival No difference

iROC (intracorporeal
diversion) [15] 2022 317

Median number of days alive and
outside of the hospital within

90 days of surgery

Favored robotic (82 days)
vs. open (80 days)

approach

A resounding theme in the surgical outcomes literature of bladder cancer is a recent
pattern towards centralization in the surgical treatment of bladder cancer to large centers
with high-volume surgeons and dedicated treatment pathways [16]. Particularly as it
pertains to open RC, there has been a focus on the importance of surgical volume and the
mastery of techniques to improve morbidity associated with open RC [17]. Herein, we
analyze the critical steps of open RC. We review the variation in these critical steps with
evidence-based comparisons and discuss our experience and approach. In doing so, we
aim to summarize the technical aspects of RC that may be valuable in better understanding
the steps and techniques of this complicated operation.

2. Materials and Methods

In this review, we conducted a comprehensive analysis of the critical steps involved
in open RC. Our primary objective was to provide a succinct summary that can be used
as a tool for a better understanding of the surgical technique. We began by conducting
an extensive review of the existing recent literature on the open RC technique. From the
collected literature, we identified the critical steps that consistently appeared across differ-
ent sources. These steps were further organized into a step-by-step framework. PubMed
was again queried with the critical steps as keywords for relevant articles published in the
past ten years dating from 1 January 2013 with a cutoff date of 1 August 2023. We utilized
the advanced search terms “(bladder cancer) AND (open radical cystectomy) AND (KEY-
WORD)”, where KEYWORD was each of the critical steps we identified. We used these
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keyword searches to build a comprehensive literature library from which we reviewed the
identified critical steps in an evidence-based fashion.

We then utilized the search criteria “(bladder cancer) AND (open radical cystectomy)
AND (urinary diversion)” to conduct a systematic review of the literature with the pri-
mary outcomes of 2-year overall survival (OS), total 90-day complications, and major
90-day complications.

Variations in techniques and approaches were noted and evidence-based compar-
isons were made to highlight the differences among surgeons’ practices. To supplement
the literature findings, we incorporated the clinical experience and insights of surgeons
who commonly perform the operation in our healthcare system. These key points were
integrated into the analysis to provide a well-rounded view of the procedure. We further
synthesized the literature review into a concise and informative resource that may help
improve patient outcomes or serve as a guide for surgeons learning this operation.

3. Results

Through the literature review described above, the critical steps of open RC were
identified as: (1) preoperative considerations, (2) lymphadenectomy, (3) bladder removal,
(4) urinary diversion, (5) stoma formation, and (6) postoperative considerations (Figure 1).
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Figure 1. The critical steps of open RC.

We utilized the critical steps identified to undertake a comprehensive search of
the literature between the years of 2013–2023 using the critical steps as keywords. We
recorded the number of publications during this 10-year period with the following results:
(1) preoperative considerations = 7; (2) lymphadenectomy = 105; (3) bladder removal = 84;
(4) urinary diversion = 347; (5) stoma formation = 12; (6) postoperative considerations = 104
(Figure 2).

We subsequently discuss each critical portion of open RC in detail, including an
evidence-based comparison of the approaches to various steps of the operation using the
publication library formulated above. A key component of this resource was the develop-
ment of a “Quick Sheet”, a concise single-page guide to the framework and approach to
the technique for open RC (Figure 3). This sheet discusses and summarizes the ten most
critical operative steps of radical cystectomy.
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Using the search criteria “(bladder cancer) AND (open radical cystectomy) AND
(urinary diversion)”, we conducted a systematic review of the literature from 2013–2023
with the primary outcomes of overall survival (OS), total 90-day complications, and major
90-day complications. A total of 347 studies were identified using this search criteria. Out
of these, 30 were prospective clinic trials. Editorials (n = 8) and meta-analyses (n = 7)
were removed from the search and a total of 331 studies were screened. Excluded studies
included those that did not include the outcome of interest (n = 127), those with no patient
cohort (n = 25), those that involved cystectomies completed for non-oncologic indications
(n = 6), and those that included only robotic and/or laparoscopic patient cohorts (n = 134).
This resulted in 34 total studies which were included in the systematic review (Figure 4).
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Figure 4. PRISMA flowchart showing identification, screening, and inclusion criteria for systematic
reviews of urinary diversion in bladder cancer using the primary outcomes of OS, total 90-day
complications, and major 90-day complications.

Using these criteria, we found that the 2-year OS for RC was 73.3% ± 8.1% (n = 14
studies, 2870 total patients), the total 90-day complication rate for RC was 70.6% ± 14.4%
(n = 17 studies, 3246 total patients), and the major 90-day complication rate for RC was
32.7% ± 15.8% (n = 9 studies, 1699 total patients) (Figure 5).
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3.1. Preoperative Considerations

Patients undergoing RC should undergo a complete metastatic and staging evaluation
and imaging with computed tomography (CT) and/or magnetic resonance imaging (MRI).
Particular attention should be paid to lymphadenopathy, local extension of tumors, and
anatomic abnormalities. Neoadjuvant chemotherapy should be considered when indicated.
A bowel preparation is not necessary for small intestinal conduits and our institutional
practice is to omit the bowel prep unless there are extenuating circumstances (e.g., possible
rectal invasion or planned total exenteration). All patients should be marked preoperatively
for the potential urostomy site.

Many surgical centers have a preoperative teaching session for post-cystectomy care
and stoma management and this practice has been well-supported in the literature. For
example, Smelser et al. (2023) implemented a comprehensive pre-rehabilitation program
with a pre-defined order set for all patients undergoing RC between February to December
2021 which showed the feasibility and a modest improvement in resource consumption
and complication rate [18]. Minnella et al. (2021) implemented a prospective clinical trial
that included multimodal pre-rehabilitation, including aerobic and resistance exercise, diet
therapy, and relaxation techniques which resulted in a faster functional recovery after
RC [19]. Our institutional practice is to implement a multi-disciplinary preoperative course
covering lifestyle changes that patients can make to help improve their health prior to
surgery and recovery.

Broad-spectrum antibiotics covering gram-negative, gram-positive, and anaerobic
organisms are administered 60 min before skin incision. This can generally be achieved
with ceftriaxone and metronidazole. Standard deep vein thrombosis (DVT) prophylaxis
with sequential compression devices (SCDs) and heparin should be utilized per institu-
tional practice.

3.2. Pelvic Lymphadenectomy

In general, patients are positioned with the bed flexed and a lower midline incision
is made. The bowel is mobilized to identify the ureters; the distal ends of the ureters are
ligated and marked bilaterally, and the far distal margin is sent for frozen pathology. A
pelvic lymphadenectomy is performed bilaterally. The anatomic boundaries of the standard
pelvic lymphadenectomy consist of the genitofemoral nerves laterally, the internal iliac
artery medially, Cooper’s ligament inferiorly, and the point at which the ureter crosses
the common iliac artery superiorly [20]. Care should be taken to avoid injury to the
obturator nerve.

Surgical quality as measured by nodal yield has demonstrated a survival benefit in
bladder cancer and Herr et al. (2004) showed that patients with a lymph node yield >10
had improved 5-year survival [21]. In cases of advanced disease, an extended dissection
inclusive of the entire common iliac lymph node packet and the presacral lymph node
packet can be obtained. Wang et al. (2019) conducted a meta-analysis of 10 studies that
showed that extended lymphadenectomy was correlated to higher recurrence-free survival
and disease-specific survival in patients with a similar postoperative complication profile
to standard lymphadenectomy [22]. In contrast, Lerner et al. (2023) recently reported the
SWOG S1011 trial which showed no improvement in disease-free survival and overall
survival in patients undergoing extended versus standard pelvis lymphadenectomy, and
that extended lymphadenectomy was associated with greater morbidity and peri-operative
mortality [23]. Similarly, Gschwend et al. (2019) showed in a prospective clinical trial that
extended lymphadenectomy during RC failed to improve recurrence-free survival (RFS),
cancer-specific survival (CSS), or overall survival (OS) [24].

3.3. Bladder Removal

Following pelvic lymphadenectomy, the procedure for bladder removal diverges for
males and females. In males, the anterior vascular pedicle blood supply is ligated and the
posterior dissection along the rectum is completed and carried to the level of the prostate
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with the incision of Denonvilliers fascia. The anterior dissection of the prostate is then
carried out in a fashion similar to a radical prostatectomy with an incision of the endopelvic
fascia and ligation of the dorsal venous complex. Care must be taken to avoid injury to the
rectum at this point, particularly if thermal sealing instruments are utilized in the dissection.
If neobladder formation is planned, adequate urethral length must be maintained and a
frozen section must be sent for pathology. Importantly, urethrectomy may be indicated in
males with overt evidence of urethral involvement or prostatic involvement of disease.

In females, RC has historically included a total anterior pelvic exenteration of the
bladder, urethra, anterior vagina, uterus, and cervix. Increasing effort has been undertaken
to study a vaginal-sparing approach to RC in females who wish to maintain sexual func-
tion. This portion of the operation varies from the standard approach in that the space
between the bladder neck and vagina is operated on without injuring the vaginal vault [25].
Retrospective studies have been performed showing that vaginal-sparing RC has equiva-
lent oncologic outcomes and improved sexual function, quality of life, and psychological
outcomes. For example, Patel et al. (2022) showed that the vaginal-sparing approach
did not increase positive margin rates or decrease RFS, CSS, or OS in a single-institution
retrospective study [26]. There is still a need for prospective clinical trials in this area.

3.4. Urinary Diversion

The most frequently used segment of the bowel for urinary diversion is the ileum. The
colon, stomach, and rectum can also be used in diversion techniques, although this is less
common. This review will focus on small bowel segments for urinary diversion. No matter
which intestinal segment is utilized, there are many principles that guide the successful
completion of a urinary diversion. Adequate exposure is necessary to avoid strangulation
of the bowel and perform the anastomosis. Second, a good blood supply is critical to ensure
proper recovery of the bowel postoperatively. General principles of vascular anatomy
suggest that 15 cm of small bowel can survive laterally to a straight vessel which arises
from the anastomoses of mesenteric arcades. However, it is thought that no more than 8 cm
of mesentery should be cleared from the end of a small bowel segment to allow for adequate
perfusion and minimize the risk of necrosis. Third, care should be taken to avoid the local
spillage of enteric contents during the anastomosis. Fourth, adequate apposition of serosa
from both sides of the anastomosis should be ensured and care should be taken to not tie
the anastomotic sutures so tightly that the tissue is strangulated. Finally, the realignment of
the two opposing mesentery segments should be parallel to avoid twisting [27]. We share
our step-by-step technique for ileal conduit formation below.

First, a mesenteric window is fashioned and the left ureter is passed to the right side.
The cecum and terminal ileum are identified and a point roughly 20 cm from the terminal
ileum is identified and marked. Another point 20 cm proximal from this point is then
marked. The space between the markers is the portion of the bowel which will be formed
into the conduit. The conduit is held up to the light to assess the mesenteric arcades and
a stapler is utilized on both sides to incise this portion of the bowel with adequate blood
supply. The bowel anastomosis is then fashioned over the ileal conduit which will have
the ureters anastomosed in the next step (using the mantra “water under the bridge”).
This is completed with an endo-GIA stapler to form a side-to-side anastomosis on the
anti-mesenteric side of the conduit. The uretero-intestinal anastomosis is then fashioned
bilaterally. If an ileal conduit is being performed, the next step of the operation is stoma
formation (discussed in the following section). If an ileal neobladder is being performed,
the surgeon then proceeds to the urethral-intestinal anastomosis.

The uretero-intestinal anastomosis is one of the most technically complex and demand-
ing portions of the procedure. The ureters are spatulated anteriorly and sharp scissors are
used to make a small incision into the conduit. Our practice is to tie down into the ureter to
the conduit with a 4-0 Maxon or Vicryl suture with eight knots in an interrupted fashion.
When half of the sutures are placed, a wire is passed up to the renal pelvis through the
conduit with a plastic suction and stents are placed up over the wire. The anastomosis
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is then completed. The key components of uretero-enteric anastomoses are summarized
by the acronym SMART and include spatulation, mucosal apposition, rotational (avoid-
ing twisting of the ureter), and tension-free. The set-up and completed utero-intestinal
anastomosis is shown in Figure 6.
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Given the extensive changes to the urinary and genital anatomy following radical
cystectomy, healthcare-related quality of life has been an important marker for the overall
“success” of the operation and many studies have probed this phenomenon. For example,
Singh et al. (2014) published a prospective study that showed that a neobladder is better
than an ileal conduit in terms of physical functioning, social functioning, and financial
expenditure [28]. More recently, Clements et al. (2022) published a prospective cohort trial
showing that patients undergoing ileal conduit and neobladder surgery do not experience
large decreases in health-related quality of life following surgery, with most areas assessed
as returning to or exceeding the baseline, except for sexual function and body image [29].
Our practice is to counsel patients extensively on the pros and cons of each technique,
particularly if they are candidates for either, and come to a decision on the surgical approach
by utilizing a process of shared decision-making.

3.5. Stoma Formation

Stoma formation is necessary for techniques associated with both an ileal conduit and
an Indiana pouch. All stomas should be placed through the belly of the rectus muscle and
be located at the peak of the infraumbilical fat roll. The fascia is incised with a cruciate
incision with the rectus muscle split. To fashion the stoma, the peritoneal cavity is entered,
and a Babcock clamp is utilized to grasp the distal aspect of the newly formed conduit. Two
types of abdominal stomas are possible: a Turnbull (loop) stoma or a protuberant stoma.
When possible, protruding (rosebud) stomas are preferred when a collection device is worn
(such as with an ileal conduit).

To create a rosebud stoma, the bowel is brought out through the cruciate incision for a
variable distance (usually a few centimeters) to allow for stoma protrusion. Two 3-0 Vicryl
sutures are placed after the stoma is brought through and everted. It is important to verify
the proper alignment of the mesentery prior to placing these sutures. Four additional
sutures are placed in quadrants through the full thickness of the bowel edge and the
subcuticular layer of the skin. When these sutures are tied, the bowel is everted to form
a rosebud.

Parastomal hernia following ileal conduit is a known complication that may impair
postoperative quality of life. Dewulf et al. (2022) published a systematic review of the
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use of mesh in preventing parastomal hernia formation. Among other findings, five
studies reported on the use of keyhole mesh in a retro-muscular position for the prevention
of parastomal hernia with favorable results in the mesh group without an increase in
mesh-related complications [30]. Similarly, Leidberg et al. (2020) showed in a prospective
randomized clinical trial that the prophylactic use of mesh during ileal conduit formation
decreases the risk of parastomal hernia without increasing complications related to the
mesh [31]. It is not our standard practice to leave the prophylactic mesh following ileal
conduit surgery.

3.6. Postoperative Considerations

Our institutional practice is to leave a drain at the site of the ureteral-intestinal anasto-
mosis following ileal conduit creation. In the immediate postoperative period, we obtain
labs to assess for leukocytosis, bleeding, and kidney/electrolyte imbalance and KUB to
assess for stent positioning. We institute a customized diet advancement protocol for each
patient and generally have a low threshold for placing a nasogastric tube postoperatively if
there is a concern for the ileus.

Much of the morbidity and mortality of radical cystectomy involves the bowel, and
75% of lethal complications that occurred in the postoperative period were related to the
bowel. Tinoco et al. (2021) summarize the complications associated with urinary diversions
following radical cystectomy [32]. Early complications include ileus, urinary tract infection,
and urine leakage. Importantly, there is evidence that alvimopan (a peripherally acting
µ-opioid receptor antagonist that prevents the binding of opioids in the intestinal tract)
leads to decreased ileus formation following radical cystectomy [33]. There is evidence to
suggest that ERAS (enhanced recovery after surgery) protocols are beneficial following
radical cystectomy with urinary diversion; however, most of the data is extrapolated from
the literature pertaining to colorectal surgery [34]. We discharge our patients following
the complete return of bowel function and following an intensive postoperative ostomy
teaching course. It is also our standard practice to discharge patients with a single month
of postoperative anticoagulation for deep vein thrombosis (DVT) prophylaxis.

Late complications include ureteral stricture, bowel obstruction, renal failure, recurrent
urinary tract infection, parastomal hernia, and nutritional deficiencies. Loss of portions of
the ileum results in long-term nutritional problems because of lack of vitamin B12 absorp-
tion, diarrhea because of lack of bile salt reabsorption, and fat malabsorption. Postoperative
adhesive bowel obstruction occurs in roughly 12% of patients following radical cystectomy
within 5 years [35].

4. Discussion

This study provides a comprehensive analysis of the essential procedural elements
involved in open RC. The primary objective of this study was to establish a concise evidence-
based resource for surgeons learning and optimizing their surgical techniques in this
domain. For those in training or studying this surgery, the “Summary for the 10 Critical
Operative Steps of Radical Cystectomy” depicted in Figure 2 may be useful. This succinct
one-page guide encapsulates the key principles and methodological aspects of RC for open
surgery as an additional reference.

The critical steps of open RC were identified as: (1) preoperative considerations,
(2) lymphadenectomy, (3) bladder removal, (4) urinary diversion, (5) stoma formation,
and (6) postoperative considerations. We focused our attention on various evidence-based
components of these critical steps, including pre-rehabilitation in the preoperative phase,
standard versus extended lymphadenectomy, the vaginal-sparing approach to female
radical cystectomy, patient-reported outcomes following urinary diversion, the use of mesh
for stoma formation, and the use of the ERAS protocol for postoperative treatment.

We also conducted a systematic review of the literature to determine the key outcome
measures of radical cystectomy in the past 10 years in an evidence-based manner. While the
total 90-day complication rate is high, the major complication rate at 90 days is roughly half,
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indicating that many of the complications that occur in the first 3 months of surgery are
relatively minor. This finding underscores the safety and reliability of radical cystectomy
in the treatment of bladder cancer, while also emphasizing the necessity for training and
continued assessment amongst surgeons who perform the operation. The 2-year overall
survival serves as an interesting benchmark in patients who undergo radical cystectomy,
and further studies are needed to see if this rate may be influenced by other factors such as
stage at diagnosis or prior radiation therapy.

Important limitations of our study include the nature of our search criteria and our
search timeline for the literature review, which may have limited the characteristics and the
quantity of our results. Furthermore, we acknowledge that our institutional observations
may have limitations that do not apply to a general scope and that surgeon expertise and
surgical center may impact the applicability of the presented work. Each surgeon and each
patient are unique and no one technique or approach is best. The reality is that surgeon
volume and experience remain the most critical elements of cystectomy. Nonetheless,
we hope that this study opens avenues for further research into the various critical steps
of open RC and serves as a useful guide or tool for those learning or performing this
complex operation.

5. Conclusions

RC remains an essential component in the management of bladder cancer. Regardless
of recent innovations or approaches, the operation is still a major undertaking with the
possibility of complications causing morbidity and mortality. Given its complexity, sur-
geon expertise and mastery of technique have become paramount in improving outcomes
regardless of surgical approach.

Our goal in this evidence-based analysis of the critical steps of open RC is to form
a practical and succinct tool for surgeons to enhance their practice in the treatment of
patients with bladder cancer. We further sought to identify the baseline overall survival and
complication rate via a systematic review of the literature. Through this study, we identified
six critical steps in the open RC procedure: preoperative considerations, lymphadenectomy,
bladder removal, urinary diversion, stoma formation, and postoperative considerations.
Each of these steps has been dissected and the “Summary Sheet” condenses these steps into
a concise document, which can improve the surgical preparation of surgeons performing
and learning to perform this operation.

Funding: This research received no external funding.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Bray, F.; Ferlay, J.; Soerjomataram, I.; Siegel, R.L.; Torre, L.A.; Jemal, A. Global cancer statistics 2018: GLOBOCAN estimates of

incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J. Clin. 2018, 68, 394–424. [CrossRef]
2. Siegel, R.L.; Miller, K.D.; Wagle, N.S.; Jemal, A. Cancer statistics, 2023. CA Cancer J. Clin. 2023, 73, 17–48. [CrossRef] [PubMed]
3. Jubber, I.; Ong, S.; Bukavina, L.; Black, P.C.; Compérat, E.; Kamat, A.M.; Kiemeney, L.; Lawrentschuk, N.; Lerner, S.P.; Meeks, J.J.;

et al. Epidemiology of Bladder Cancer in 2023: A Systematic Review of Risk Factors. Eur. Urol. 2023, 84, 176–190. [CrossRef]
[PubMed]

4. Bilano, V.; Gilmour, S.; Moffiet, T. Global trends and projections for tobacco use, 1990–2025: An analysis of smoking indicators
from the WHO Comprehensive Information Systems for Tobacco Control. Lancet 2015, 385, 966–976. [CrossRef] [PubMed]

5. Cumberbatch, M.G.; Cox, A.; Teare, D.; Catto, J.W. Contemporary occupational carcinogen exposure and bladder cancer: A
systematic review and meta-analysis. JAMA Oncol. 2015, 1, 1282–1290. [CrossRef] [PubMed]

6. Sanli, O.; Dobruch, J.; Knowles, M.A.; Burger, M.; Alemozaffar, M.; Nielsen, M.E.; Lotan, Y. Bladder cancer. Nat. Rev. Dis. Primers
2017, 3, 17022. [CrossRef] [PubMed]

7. Agency for Healthcare Research and Quality (AHRQ). Healthcare Cost and Utilization Project (HCUP). 2017. Available online:
https://www.ahrq.gov/research/data/hcup/index.html (accessed on 27 September 2023).

https://doi.org/10.3322/caac.21492
https://doi.org/10.3322/caac.21763
https://www.ncbi.nlm.nih.gov/pubmed/36633525
https://doi.org/10.1016/j.eururo.2023.03.029
https://www.ncbi.nlm.nih.gov/pubmed/37198015
https://doi.org/10.1016/S0140-6736(15)60264-1
https://www.ncbi.nlm.nih.gov/pubmed/25784347
https://doi.org/10.1001/jamaoncol.2015.3209
https://www.ncbi.nlm.nih.gov/pubmed/26448641
https://doi.org/10.1038/nrdp.2017.22
https://www.ncbi.nlm.nih.gov/pubmed/28406148
https://www.ahrq.gov/research/data/hcup/index.html


J. Clin. Med. 2023, 12, 6845 11 of 12

8. Vetterlein, M.W.; Klemm, J.; Gild, P.; Bradtke, M.; Soave, A.; Dahlem, R.; Fisch, M.; Rink, M. Improving Estimates of Perioperative
Morbidity After Radical Cystectomy Using the European Association of Urology Quality Criteria for Standardized Reporting and
Introducing the Comprehensive Complication Index. Eur. Urol. 2020, 77, 55–65. [CrossRef] [PubMed]

9. Nix, J.; Smith, A.; Kurpad, R.; Nielsen, M.E.; Wallen, E.M.; Pruthi, R.S. Prospective randomized controlled trial of robotic versus
open radical cystectomy for bladder cancer: Perioperative and pathologic results. Eur. Urol. 2010, 57, 196–201. [CrossRef]
[PubMed]

10. Bochner, B.H.; Dalbagni, G.; Sjoberg, D.D.; Silberstein, J.; Keren Paz, G.E.; Donat, S.M.; Coleman, J.A.; Mathew, S.; Vickers, A.;
Schnorr, G.C.; et al. Comparing Open Radical Cystectomy and Robot-assisted Laparoscopic Radical Cystectomy: A Randomized
Clinical Trial. Eur. Urol. 2015, 67, 1042–1050. [CrossRef]

11. Khan, M.S.; Gan, C.; Ahmed, K.; Ismail, A.F.; Watkins, J.; Summers, J.A.; Peacock, J.L.; Rimington, P.; Dasgupta, P. A Single-centre
Early Phase Randomised Controlled Three-arm Trial of Open, Robotic, and Laparoscopic Radical Cystectomy (CORAL). Eur.
Urol. 2016, 69, 613–621. [CrossRef]

12. Bochner, B.H.; Dalbagni, G.; Marzouk, K.H.; Sjoberg, D.D.; Lee, J.; Donat, S.M.; Coleman, J.A.; Vickers, A.; Herr, H.W.; Laudone,
V.P. Randomized Trial Comparing Open Radical Cystectomy and Robot-assisted Laparoscopic Radical Cystectomy: Oncologic
Outcomes. Eur. Urol. 2018, 74, 465–471. [CrossRef] [PubMed]

13. Parekh, D.J.; Reis, I.M.; Castle, E.P.; Gonzalgo, M.L.; Woods, M.E.; Svatek, R.S.; Weizer, A.Z.; Konety, B.R.; Tollefson, M.; Krupski,
T.L.; et al. Robot-assisted radical cystectomy versus open radical cystectomy in patients with bladder cancer (RAZOR): An
open-label, randomised, phase 3, non-inferiority trial. Lancet 2018, 391, 2525–2536. [CrossRef] [PubMed]

14. Khan, M.S.; Omar, K.; Ahmed, K.; Gan, C.; Van Hemelrijck, M.; Nair, R.; Thurairaja, R.; Rimington, P.; Dasgupta, P. Long-term
Oncological Outcomes from an Early Phase Randomised Controlled Three-arm Trial of Open, Robotic, and Laparoscopic Radical
Cystectomy (CORAL). Eur. Urol. 2020, 77, 110–118. [CrossRef] [PubMed]

15. Catto, J.W.F.; Khetrapal, P.; Ricciardi, F. Effect of Robot-Assisted Radical Cystectomy with Intracorporeal Urinary Diversion vs.
Open Radical Cystectomy on 90-Day Morbidity and Mortality Among Patients with Bladder Cancer: A Randomized Clinical
Trial. JAMA 2022, 327, 2092–2103. [CrossRef] [PubMed]

16. Korkes, F.; Timóteo, F.; Martins, S.; Nascimento, M.; Monteiro, C.; Santiago, J.H.; Baccaglini, W.; Silveira, M.A.; Pedroso, E.F.;
Gava, M.M.; et al. Dramatic Impact of Centralization and a Multidisciplinary Bladder Cancer Program in Reducing Mortality:
The CABEM Project. JCO Glob. Oncol. 2021, 7, 1547–1555. [CrossRef] [PubMed]

17. Leow, J.J.; Reese, S.; Trinh, Q.D.; Bellmunt, J.; Chung, B.I.; Kibel, A.S.; Chang, S.L. Impact of surgeon volume on the morbidity
and costs of radical cystectomy in the USA: A contemporary population-based analysis. BJU Int. 2015, 115, 713–721. [CrossRef]
[PubMed]

18. Smelser, W.W.; Tallman, J.E.; Gupta, V.K.; Al Hussein Al Awamlh, B.; Johnsen, N.V.; Barocas, D.A.; Kline-Quiroz, C.; Tomlinson,
C.A.; McEvoy, M.D.; Hamilton-Reeves, J.; et al. Implementation of a comprehensive prehabilitation program for patients
undergoing radical cystectomy. Urol. Oncol. 2023, 41, 108. [CrossRef]

19. Minnella, E.M.; Awasthi, R.; Bousquet-Dion, G.; Ferreira, V.; Austin, B.; Audi, C.; Tanguay, S.; Aprikian, A.; Carli, F.; Kassouf, W.
Multimodal Prehabilitation to Enhance Functional Capacity Following Radical Cystectomy: A Randomized Controlled Trial. Eur.
Urol. Focus 2021, 7, 132–138. [CrossRef]

20. Navai, N.; Dinney, C. Surgical Management of Bladder Cancer: Transurethral, Open, and Robotic. Chapter 138. In Campbell Walsh
Wein Urology, 12th ed.; Elsevier: Amsterdam, The Netherlands, 2021; pp. 3133–3159.

21. Herr, H.W. Surgical factors influence bladder cancer outcomes: A cooperative group report. J. Clin. Oncol. 2004, 22, 2781–2789.
[CrossRef]

22. Wang, Y.C.; Wu, J.; Dai, B. Extended versus non-extended lymphadenectomy during radical cystectomy for patients with bladder
cancer: A meta-analysis of the effect on long-term and short-term outcomes. World J. Surg. Oncol. 2019, 17, 225. [CrossRef]

23. Lerner, S.P.; Tangen, C.; Svatek, R.S.; Daneshmand, S.; Pohar, K.S.; Skinner, E.C.; Schuckman, A.K.; Sagalowsky, A.I.; Smith,
N.D.; Kamat, A.M.; et al. SWOG S1011: A phase III surgical trial to evaluate the benefit of a standard versus an extended
lymphadenectomy performed at time of radical cystectomy for muscle invasive urothelial cancer. J. Clin. Oncol. 2023, 41, 4508.
[CrossRef]

24. Gschwend, J.E.; Heck, M.M.; Lehmann, J.; Rübben, H.; Albers, P.; Wolff, J.M.; Frohneberg, D.; de Geeter, P.; Heidenreich, A.;
Kälble, T.; et al. Extended Versus Limited Lymph Node Dissection in Bladder Cancer Patients Undergoing Radical Cystectomy:
Survival Results from a Prospective, Randomized Trial. Eur. Urol. 2019, 75, 604–611. [CrossRef] [PubMed]

25. Salem, H.K. Genital Organs-Sparing Radical Cystectomy in Female Patients with Muscle Invasive Urothelial Carcinoma of the
Bladder. In Bladder Cancer—Management of NMI and Muscle-Invasive Cancer; InTech: London, UK, 2017.

26. Patel, S.H.; Wang, S.; Metcalf, M.R.; Gupta, N.; Gabrielson, A.; Lee, E.; Rostom, M.; Pierorazio, P.; Smith, A.; Hahn, N.; et al. Safety
and Efficacy of Reproductive Organ-Sparing Radical Cystectomy in Women with Variant Histology and Advanced Stage. Clin.
Genitourin. Cancer 2022, 20, 60–68. [CrossRef] [PubMed]

27. Wintner, A.; Dahl, D. Use of Intestinal Segments in Urinary Diversion. Chapter 139. In Campbell Walsh Wein Urology, International
Edition, 12th ed.; Elsevier: Amsterdam, The Netherlands, 2021; pp. 3160–3205.

28. Singh, V.; Yadav, R.; Sinha, R.J.; Gupta, D.K. Prospective comparison of quality-of-life outcomes between ileal conduit urinary
diversion and orthotopic neobladder reconstruction after radical cystectomy: A statistical model. BJU Int. 2014, 113, 726–732.
[CrossRef] [PubMed]

https://doi.org/10.1016/j.eururo.2019.08.011
https://www.ncbi.nlm.nih.gov/pubmed/31473012
https://doi.org/10.1016/j.eururo.2009.10.024
https://www.ncbi.nlm.nih.gov/pubmed/19853987
https://doi.org/10.1016/j.eururo.2014.11.043
https://doi.org/10.1016/j.eururo.2015.07.038
https://doi.org/10.1016/j.eururo.2018.04.030
https://www.ncbi.nlm.nih.gov/pubmed/29784190
https://doi.org/10.1016/S0140-6736(18)30996-6
https://www.ncbi.nlm.nih.gov/pubmed/29976469
https://doi.org/10.1016/j.eururo.2019.10.027
https://www.ncbi.nlm.nih.gov/pubmed/31740072
https://doi.org/10.1001/jama.2022.7393
https://www.ncbi.nlm.nih.gov/pubmed/35569079
https://doi.org/10.1200/GO.21.00104
https://www.ncbi.nlm.nih.gov/pubmed/34767463
https://doi.org/10.1111/bju.12749
https://www.ncbi.nlm.nih.gov/pubmed/24674655
https://doi.org/10.1016/j.urolonc.2022.10.017
https://doi.org/10.1016/j.euf.2019.05.016
https://doi.org/10.1200/JCO.2004.11.024
https://doi.org/10.1186/s12957-019-1759-5
https://doi.org/10.1200/JCO.2023.41.16_suppl.4508
https://doi.org/10.1016/j.eururo.2018.09.047
https://www.ncbi.nlm.nih.gov/pubmed/30337060
https://doi.org/10.1016/j.clgc.2021.11.005
https://www.ncbi.nlm.nih.gov/pubmed/34896022
https://doi.org/10.1111/bju.12440
https://www.ncbi.nlm.nih.gov/pubmed/24053658


J. Clin. Med. 2023, 12, 6845 12 of 12

29. Clements, M.B.; Atkinson, T.M.; Dalbagni, G.M.; Li, Y.; Vickers, A.J.; Herr, H.W.; Donat, S.M.; Sandhu, J.S.; Sjoberg, D.S.; Tin, A.L.;
et al. Health-related Quality of Life for Patients Undergoing Radical Cystectomy: Results of a Large Prospective Cohort. Eur.
Urol. 2022, 81, 294–304. [CrossRef] [PubMed]

30. Dewulf, M.; Hildebrand, N.D.; Bouwense, S.A.W. Parastomal hernias after cystectomy and ileal conduit urinary diversion:
Surgical treatment and the use of prophylactic mesh: A systematic review. BMC Surg. 2022, 22, 118. [CrossRef] [PubMed]

31. Liedberg, F.; Kollberg, P.; Allerbo, M.; Baseckas, G.; Brändstedt, J.; Gudjonsson, S.; Hagberg, O.; Håkansson, U.; Jerlström, T.;
Löfgren, A.; et al. Preventing Parastomal Hernia After Ileal Conduit by the Use of a Prophylactic Mesh: A Randomised Study.
Eur. Urol. 2020, 78, 757–763. [CrossRef]

32. Tinoco, C.L.; Lima, E. Urinary diversions for radical cystectomy: A review of complications and their management. Mini-Invasive
Surg. 2021, 5, 28. [CrossRef]

33. Lee, C.T.; Chang, S.S.; Kamat, A.M.; Amiel, G.; Beard, T.L.; Fergany, A.; Karnes, R.J.; Kurz, A.; Menon, V.; Sexton, W.J.; et al.
Alvimopan accelerates gastrointestinal recovery after radical cystectomy: A multicenter randomized placebo-controlled trial. Eur.
Urol. 2014, 66, 265–272. [CrossRef]

34. Peerbocus, M.; Wang, Z.J. Enhanced Recovery After Surgery and Radical Cystectomy: A Systematic Review and Meta-Analysis.
Res. Rep. Urol. 2021, 13, 535–547. [CrossRef]

35. Blackwell, R.H.; Kothari, A.N.; Shah, A.; Gange, W.; Quek, M.L.; Luchette, F.A.; Flanigan, R.C.; Kuo, P.C.; Gupta, G.N. Adhesive
Bowel Obstruction Following Urologic Surgery: Improved Outcomes with Early Intervention. Curr. Urol. 2018, 11, 175–181.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.eururo.2021.09.018
https://www.ncbi.nlm.nih.gov/pubmed/34629182
https://doi.org/10.1186/s12893-022-01509-y
https://www.ncbi.nlm.nih.gov/pubmed/35351086
https://doi.org/10.1016/j.eururo.2020.07.033
https://doi.org/10.20517/2574-1225.2021.35
https://doi.org/10.1016/j.eururo.2014.02.036
https://doi.org/10.2147/RRU.S307385
https://doi.org/10.1159/000447215

	Introduction 
	Materials and Methods 
	Results 
	Preoperative Considerations 
	Pelvic Lymphadenectomy 
	Bladder Removal 
	Urinary Diversion 
	Stoma Formation 
	Postoperative Considerations 

	Discussion 
	Conclusions 
	References

