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Abstract: Title: A Novel Standard or Evolution in Treatment? A Systematic Review with Insights 

from Single-Center Experience on Robot-Assisted Urachal Excision and Partial Cystectomy 

(RAUEPC) for Benign and Malignant Urachal Pathologies. Background: Urachal pathologies, while 

rare, pose a malignant transformation risk. RAUEPC is a minimally invasive technique with potential 

benefits, yet evidence remains limited. Methods: A systematic review was conducted in PubMed, 

Scopus, the Cochrane Library, and ScienceDirect (last search: 1 November 2024). Inclusion criteria: 

studies on RAUEPC for urachal pathologies. Exclusion criteria: non-robotic approaches or 

incomplete data. Risk of bias was assessed using the Newcastle-Ottawa Scale for cohort studies and 

the JBI Critical Appraisal Checklist for case reports. Descriptive statistics summarized continuous 

data (means, medians, 95% CIs), and chi-square tests analyzed associations between categorical 

variables. Heterogeneity analysis was infeasible, necessitating narrative synthesis. Institutional data 

(3 cases, 2021–2024) were included for comparison. Results: Forty-four studies (n = 145) met inclusion 

criteria. Benign lesions constituted 66.2% (95% CI: 59.1–73.3%) and malignant lesions 33.8% (95% CI: 

26.7–40.9%). Mean operative time was 177.8 min (95% CI: 96.8–300), blood loss 83.3 mL (95% CI: 50–

171), and hospital stay 3.9 days (95% CI: 1–10.9). Complications occurred in 33.3%. Institutional 

results showed a mean operative time of 85.3 min, blood loss of 216.7 mL, and no recurrences at 10.7 

months’ follow-up. Discussion: RAUEPC appears to be a feasible and safe approach, showing 

promising short-term outcomes. Associations between symptoms and diagnostic methods suggest 

its utility. Limitations include small sample sizes and retrospective designs. Registration: 

PROSPERO: CRD42024597785. Funding: No external funding. 

Keywords: robot-assisted surgery; urachal pathology; partial cystectomy; urachal excision; urachal 

adenocarcinoma; oncological outcomes 

 

1. Introduction 

1.1. Epidemiology of Urachal Pathology and Clinical Manifestation 

Although urachal anomalies are infrequent, they pose significant clinical challenges owing to 

their potential for malignant transformation. The reported incidence of urachal anomalies in the 

literature varies, ranging from 1 in 5000 to 1 in 3 adults with asymptomatic, clinically insignificant 

remnants at autopsy [1–6]. Most asymptomatic urachal remnants are incidentally discovered. 
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However, symptomatic cases requiring definitive surgical intervention frequently present with 

hematuria (49%) and abdominal pain (27%) [1,7]. In severe cases, infected urachal cysts can present 

with umbilical discharge, periumbilical pain, and peritonitis [8]. Pediatric presentations often include 

urinary symptoms such as dysuria and suprapubic pain [9], although rare presentations in adults, 

such as urachal cysts causing dyspareunia and dysorgasmia, have also been reported [7]. 

1.2. Embryogenesis of the Urachus and Risk of Malignant Transformation 

During fetal development, the urachus is a tubular structure connecting the dome of the bladder 

to the umbilicus, originating from the cloaca and allantois [10]. Normally, the urachus is obliterated 

before birth, forming the median umbilical ligament. Failure of this obliteration can result in various 

urachal anomalies, including a patent urachus (complete failure of obliteration, resulting in a 

continuous channel between the bladder and umbilicus), urachal sinus (partial obliteration, leaving 

an open channel at the umbilical end), urachal cyst (a fluid-filled cavity forming in the midportion 

due to closure at both ends), and vesicourachal diverticulum (an outpouching connected to the 

bladder) [1]. These anomalies can lead to clinical complications, such as infections and, in rare cases, 

malignant transformation into urachal adenocarcinoma [10]. Certain factors may increase this risk, 

including chronic inflammation and recurrent infections, which predispose urachal remnants to 

malignant changes due to prolonged irritation of epithelial-lined structures [11]. The risk of 

malignancy is higher in persistent anomalies, especially urachal cysts, which account for up to 54% 

of urachal anomalies and are prone to inflammation [12]. Urachal adenocarcinoma (Figure 1) 

comprises < 1% of all bladder cancers, predominantly affecting men over the age of 50 [10,13]. 

 

Figure 1. Urachal adenocarcinoma. 

1.3. Staging of Urachal Cancer 

Understanding the progression of urachal carcinoma is crucial for effective treatment planning, 

which is facilitated by staging systems such as the Sheldon staging system. The Sheldon staging 

system is commonly used for urachal adenocarcinoma due to the unique nature of this malignancy 

(Table 1) [14]. It is frequently favored over the TNM classification for urachal carcinoma because of 

its specificity in addressing the unique patterns of local invasion, including stages that detail tumor 

extension to the abdominal wall, peritoneum, and other adjacent structures. Additionally, the Mayo 

staging system is commonly used, as it provides a simplified approach with potential superior 

prognostic value, particularly in multivariate analyses. This makes it a valuable alternative for 

stratifying risk and guiding treatment decisions in clinical practice [15]. 
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Table 1. Sheldon staging system for urachal adenocarcinoma. 

Stage I: Tumor confined to the urachus. 

Stage II: Tumor invading the bladder. 

Stage III: Local extension beyond the bladder. 

IIIA: Tumor invasion into the abdominal wall. 

IIIB: Tumor invasion into the peritoneum. 

IIIC: Tumor invasion into other local structures. 

Stage IV: Metastatic disease. 

IVA: Regional lymph node metastasis. 

IVB: Distant metastasis. 

Given the rarity and aggressive nature of urachal adenocarcinoma, early detection, and accurate 

staging are essential for effective management. 

1.4. Diagnostic Imaging 

Ultrasound is typically the first imaging modality used for evaluating suspected urachal 

anomalies due to its accessibility and non-invasive nature, with diagnostic success rates between 75% 

and 100% for detecting urachal cysts [9]. This variability may be influenced by factors such as 

operator expertise, patient anatomy (e.g., body habitus or cyst location), and the quality of ultrasound 

equipment, all of which affect imaging accuracy. For complex cases or those with inconclusive 

ultrasound findings, computed tomography (CT) and magnetic resonance imaging (MRI) can 

provide additional detailed information. CT is beneficial for assessing the extent of the disease and 

identifying characteristic features, such as calcifications and mucinous content. Calcifications, which 

are present in 50–70% of cases, are pathognomonic of urachal adenocarcinomas. MRI provides 

superior soft-tissue contrast, which can help evaluate the local extent of the tumor and its relationship 

with adjacent structures [7]. A combination of imaging modalities is often necessary to provide 

comprehensive urachal pathology assessment, guiding diagnosis, and treatment planning. 

1.5. Treatment Modalities, Current Approaches, and Challenges in Management 

The treatment of urachal anomalies depends on the clinical presentation and symptom severity. 

Infected urachal cysts may initially be managed with antibiotics, although definitive treatment often 

requires surgical excision to prevent recurrence and complications, such as sepsis or malignant 

transformation [16]. Despite advancements in surgical techniques, the management of urachal 

anomalies remains challenging due to their rarity and oncogenic potential, underscoring the critical 

need for effective interventions to mitigate symptoms and prevent malignant transformation. The 

current literature lacks comprehensive, evidence-based guidelines for managing urachal anomalies, 

highlighting the need for more structured and standardized treatment protocols. The management 

of urachal adenocarcinoma remains controversial due to its rarity and lack of consensus on optimal 

treatment strategies. Historically, radical cystectomy has been the standard treatment. However, 

bladder-sparing approaches have shown promising outcomes, such as partial cystectomy with en-

bloc resection of the urachus and umbilicus [17,18]. Although open surgical approaches have 

traditionally been the standard, laparoscopic and robot-assisted techniques are increasingly being 

adopted. Robot-assisted surgery represents a significant advancement in minimally invasive 

techniques and is increasingly applied across various fields of urology. It combines precision with 

enhanced visualization, providing surgeons greater control over complex anatomical areas. In the 

context of urachal surgery, robot-assisted techniques facilitate precise excision with minimal trauma, 

which is particularly advantageous due to the anatomical location of urachal anomalies. The robot-

assisted laparoscopic approach has emerged as a feasible and safe method, offering minimal 

complications, quicker recovery, and reduced surgical morbidity and postoperative pain while 

maintaining oncologic control [17–20]. Although robotic surgery offers clear benefits, challenges such 
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as high costs, limited availability, and a steep learning curve for surgeons also exist. Addressing these 

factors is essential for developing a balanced perspective on the widespread adoption of robot-

assisted techniques. Due to the rare occurrence of urachal adenocarcinoma, therapeutic options are 

still being explored. As shown in Table 2, ongoing clinical trials are investigating novel interventions, 

including chemotherapy, immunotherapy, and targeted therapies. Despite these ongoing studies, 

further research is needed to establish optimal treatment protocols and improve the clinical outcomes 

in patients with this rare malignancy. 

Table 2. Currently recruiting and/or active clinical trials focusing on the oncological treatment of urachal 

adenocarcinoma (data from Clinicaltrials.gov). 

NCT Number Study Title Study Status Intervention 

NCT00082706 

Fluorouracil, Leucovorin, Gemcitabine, and 

Cisplatin in Treating Patients With Metastatic 

or Unresectable Adenocarcinoma 

Active, Not 

Recruiting 

5-FU, Leucovorin, 

Cisplatin, Gemcitabine 

NCT05756569 

Enfortumab Vedotin Plus Pembrolizumab for 

the Treatment of Locally Advanced or 

Metastatic Bladder Cancer of Variant 

Histology 

Recruiting 
Enfortumab Vedotin, 

Pembrolizumab 

NCT04923178 

A Multicenter Natural History of Urothelial 

Cancer and Rare Genitourinary Tract 

Malignancies 

Recruiting None (Observational) 

NCT03866382 

Testing the Effectiveness of Two 

Immunotherapy Drugs (Nivolumab and 

Ipilimumab) With One Anti-cancer Targeted 

Drug (Cabozantinib) for Rare Genitourinary 

Tumors 

Recruiting 

Cabozantinib, 

Ipilimumab, 

Nivolumab 

NCT06638931 Agnostic Therapy in Rare Solid Tumors Recruiting Nivolumab 

1.6. Novelty and Contribution of This Study 

This study represents a significant contribution to the limited body of research on robot-assisted 

urachal surgery, offering the first systematic review focused explicitly on robot-assisted urachal 

excision (Figure 2) and partial cystectomy (Figure 3). Insights derived from single-center experience 

provide a detailed examination of the learning curve associated with adopting robotic techniques in 

urachal surgery. This critical factor may influence clinical outcomes and inform future practice. 

Furthermore, this research enhances the existing knowledge base by evaluating long-term outcomes 

and advocating for standardized protocols in patient selection and surgical techniques. By addressing 

these dimensions, this study aims to establish a foundation for evidence-based guidelines that can 

enhance consistency in managing urachal anomalies through robotic approaches. 
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Figure 2. Robot-assisted urachal excision (urachal pathology separated from the posterior sheath of rectus 

abdominis muscle). 

 

Figure 3. Robot-assisted partial cystectomy (en bloc resection of the urachal pathology along with bladder 

cuff). 

To the best of our knowledge, our case series represents a pioneering contribution to Polish 

medical literature, documenting the use of robot-assisted surgery for urachal pathology and 

emphasizing advancements in minimally invasive urological surgery within the country. 

2. Aim 

The principal review question was to examine the feasibility, safety, complication rates, and both 

short- and long-term outcomes of robot-assisted urachal excision and partial cystectomy (RAUEPC) 

for treating benign and malignant urachal pathologies, drawing on evidence from both the existing 

literature and institutional experience. 

In this context, the primary objectives focus on assessing the feasibility (including surgical time, 

intraoperative blood loss and conversion rate) of RAUEPC, as well as evaluating the efficacy 

(including complete excision rate or margin status) and safety (including intra- and postoperative 

complications, hospital stay duration and readmission rates) of the procedure. 

The secondary objectives involve analyzing short-term clinical outcomes (including umbilical 

removal and lymphadenectomy, lymph node involvement or metastasis and histopathological 
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findings), as well as long-term follow-up outcomes (oncological results—recurrence rate, need for 

adjuvant therapy) and identifying factors that influence diagnostic accuracy, surgical success and 

patient outcomes. 

By juxtaposing a thorough review of the extant literature with institutional outcomes, this study 

aimed to appraise the current standards of care, elucidate potential areas for enhancement and 

articulate evidence-based recommendations for future clinical practice in the management of both 

benign and malignant urachal anomalies. 

3. Material and Methods 

This systematic review was conducted in accordance with the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) 2020 statement [21]. The study protocol was 

registered prior to initiation in the International Prospective Register of Systematic Reviews 

(PROSPERO) (Registration Number: CRD42024597785, available at 

https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=597785 (accessed on 13 

January 2025). As the review progressed, the protocol was updated to include the JBI Critical 

Appraisal Checklist for Case Reports as an additional tool for assessing risk of bias. This update was 

implemented due to the significant number of case reports identified during preliminary searches, 

for which the Newcastle-Ottawa Scale (NOS) was not specifically designed. 

3.1. Search Strategy 

To ensure a systematic review of the literature, a structured search strategy was employed using 

specific keywords and Medical Subject Headings (MeSH) terms. The last search was conducted on 1 

November 2024. Automation tools were not used in the screening or selection processes. No 

limitations were imposed on the publication date, although the search was restricted to studies 

published in English with full-text availability. Boolean operators were used to effectively combine 

these keywords. Three review authors (RBD, ML, and GS) independently conducted a 

comprehensive literature search on four electronic databases (PubMed, Scopus, Cochrane Library, 

and ScienceDirect) using the following search string: 

• (“robotic” OR “robot-assisted” OR “robot-assisted laparoscopic”) AND (“urachal” OR 

“urachus” OR “urachal anomalies” OR “urachal cyst” OR “urachal diverticulum” OR “urachal 

adenoma” OR “urachal adenocarcinoma”) AND (“removal” OR “excision” OR “partial 

cystectomy”) 

Due to the limitation of Boolean operators in the ScienceDirect database search engine, which 

supports a maximum of eight operators, the above search string was divided into the following three 

separate queries for this database: 

• (“robotic” OR “robot-assisted” OR “robot-assisted laparoscopic”) AND (“urachal” OR 

“urachus”) AND (“removal” OR “excision” OR “partial cystectomy”) 

• (“robotic” OR “robot-assisted” OR “robot-assisted laparoscopic”) AND (“urachal anomalies” 

OR “urachal cyst”) AND (“removal” OR “excision” OR “partial cystectomy”) 

• (“robotic” OR “robot-assisted” OR “robot-assisted laparoscopic”) AND (“urachal diverticulum” 

OR “urachal adenoma” OR “urachal adenocarcinoma”) AND (“removal” OR “excision” OR 

“partial cystectomy”) 

3.2. Inclusion and Exclusion Criteria 

The eligibility of retrieved studies was evaluated using the population, intervention, 

comparison, outcome(s), and study design (PICOS) framework. The inclusion criteria for this 

systematic review were as follows: 

(P)opulation: Patients with urachal pathologies (both benign and malignant) 

(I)ntervention: RAUEPC 
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(C)omparison: Institutional data of patients who underwent RAUEPC 

(O)utcomes: The collected data include the following: 

i. Reason for Surgery 

ii. Symptoms 

iii. Imaging Method 

iv. Cystoscopy and/or preoperative TURBT results 

v. Staging 

vi. Umbilicus Removal 

vii. Lymphadenectomy 

viii. Complications 

ix. Hospital Stay 

x. Histopathological Findings 

xi. Robotic System 

xii. Total Operation and Console Time 

xiii. Blood Loss 

xiv. Patient Characteristics 

xv. Follow-Up 

xvi. Adjuvant Therapy 

(S)tudy Design: Retrospective cohort studies, case series, case reports, and other observational 

studies or reports where the detailed surgical, clinical, outcome, and follow-up data are available. 

The exclusion criteria for this systematic review included studies involving animal models or in 

vitro research, case reports lacking comprehensive surgical or outcome data, and studies employing 

non-robotic surgical techniques. 

Additionally, this study retrospectively analyzed all patients who underwent RAUEPC at the 

Urology Department, Institute of Medical Sciences, Faculty of Medicine, Collegium Medicum, 

Cardinal Stefan Wyszyński University in Warsaw. The inclusion criteria were symptomatic patients 

hospitalized between 2021 and 2024 with imaging-confirmed or suspected urachal tumors requiring 

surgical intervention. Patients with non-urachal bladder tumors, other malignancies, or 

contraindications to robotic surgery were excluded from the study. 

3.3. Screening Process and Data Extraction 

Three reviewers (RBD, ML, and GS) manually screened the full-text articles for inclusion in the 

systematic review, following pre-specified eligibility criteria. Each reviewer independently assessed 

the titles, abstracts, and full texts to determine eligibility. The reviewers were blinded to each other’s 

decisions during the initial screening to minimize bias. Any disagreements were resolved through 

discussion, and if necessary, the senior co-investigator (AAA) was consulted for final decisions. 

Data were manually extracted by three reviewers (RBD, ML, and GS) using a standardized data 

extraction template. The extracted data included study design and methodology, participant 

demographics and baseline characteristics, key outcomes (e.g., operative time, blood loss, 

complications), surgical techniques, and follow-up details. Discrepancies between reviewers were 

resolved through discussion among the three reviewers, with final decisions made in consultation 

with the senior co-investigator (AAA) if necessary. In cases of missing or unclear data, the authors 

were contacted to obtain additional information. If missing data could not be retrieved, they were 

documented, and this limitation was noted in the review. 

Institutional data were extracted from retrospective patient medical records using the same 

standardized data extraction template, ensuring compliance with the General Data Protection 

Regulation (GDPR) to safeguard personal data privacy. 
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3.4. Quality Assessment and Risk of Bias (RoB) 

The Newcastle-Ottawa Scale (NOS) was used to assess the RoB and quality of cohort studies, 

case-control studies, and case series, focusing on selection, comparability, and outcome assessment 

[22]. Each study was independently reviewed by three assessors (RBD, ML, and GS), with 

discrepancies resolved through discussion or by involving a senior reviewer (AAA). Studies scoring 

below a predetermined threshold of 6 points were excluded to ensure that only high-quality evidence 

was incorporated into the final analysis. This approach aligns with the Agency for Healthcare 

Research and Quality (AHRQ) guidelines, which suggest that studies with 3 or 4 stars in the selection 

domain, 1 or 2 stars in the comparability domain, and 2 or 3 stars in the outcome/exposure domain 

can be considered of good quality. 

For case reports, the JBI Critical Appraisal Checklist was used to evaluate the methodological 

quality and the extent to which each study addressed potential biases in its design, conduct, and 

analysis [23]. Similarly, each case report was independently reviewed by three assessors (RBD, ML, 

and GS), and any discrepancies were resolved through discussion or senior reviewer input (AAA). 

This quality assessment framework ensures that the conclusions of the review are based on robust 

and reliable data, thereby enhancing the credibility and applicability of the findings to clinical 

practice. 

3.5. Heterogeneity Tests 

The Cochran’s Q and Higgins’ I2 statistics for heterogeneity, as outlined in the PROSPERO 

protocol, were not conducted due to the absence of key variables required for the analysis. These 

missing variables include effect sizes or measures of interest (e.g., odds ratios, risk ratios, proportions, 

or means), associated standard errors or variances, sample sizes, study labels or subgroup identifiers 

(optional, to differentiate studies or subgroups), weighting factors (inversely proportional to 

variance), confidence intervals (lower and upper bounds), event counts for binary outcomes 

(treatment and control groups), group sizes for binary outcomes (total participants in treatment and 

control groups), subgroup identifiers (to compare predefined groups such as countries or sexes), and 

outcome measure types (continuous, binary, or time-to-event). 

3.6. Statistical Analysis and Data Synthesis 

All statistical analyses were performed using Statistica 13.3 (StatSoft Inc., Tulsa, OK, USA). Data 

synthesis was conducted if at least five studies provided comparable data for a given outcome. 

Descriptive statistics were used to summarize the data. For continuous quantitative variables (e.g., 

hospital stay, operative time, console time, estimated blood loss, and age), we calculated arithmetic 

means, medians, minimum, and maximum values, along with 95% confidence intervals to present 

the central tendency. For any study that reported a range for continuous clinical variables, such as 

blood loss (mL) or operation time (min), the mid-point of the range was calculated prior to 

performing the descriptive analysis. For categorical qualitative variables (e.g., symptoms, imaging 

method used, umbilicus removal, lymphadenectomy, peri- and postoperative complications, and 

pathological outcomes), we reported frequencies and percentages to illustrate the distribution of 

these events. In cases where data were missing, we employed pairwise deletion, analyzing the 

available data for each specific test or summary measure. This approach was selected to maximize 

data retention while acknowledging any limitations in the overall sample size due to incomplete 

records. If missing data exceeded 20% for any outcome, sensitivity analyses were performed to 

evaluate the potential impact on the results. Prior to conducting the chi-square tests, assumptions 

were checked to ensure statistical validity. These included: (1) independence of observations, which 

was met by the study design; (2) adequate expected cell counts, with each cell in cross-tabulations 

expected to have at least five cases to maintain the reliability of the chi-square approximation; and 

(3) homogeneity of sample proportions across groups for comparisons. The level of statistical 

significance for all analyses was set at p < 0.05. All p-values were reported exactly, except when they 
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were below the threshold of significance, in which case they were denoted as p < 0.05. Finally, we 

evaluated the certainty of evidence for each outcome using the GRADE approach, assessing factors 

such as the risk of bias, consistency, directness, precision, and publication bias to gauge confidence 

in the results. 

3.7. Ethical Considerations 

The study was conducted in accordance with the ethical standards set by both the institutional 

and national research committees, as well as the 1964 Helsinki Declaration and its subsequent 

amendments. Informed consent was obtained from all participants, and patient confidentiality was 

maintained in accordance with relevant guidelines. 

4. Results 

4.1. Search Results 

Figure 4 provides a comprehensive overview of the study selection process. The initial 

systematic literature search yielded 536 publications from the PubMed, Scopus, Cochrane Library, 

and ScienceDirect databases. After the removal of 130 duplicate records, 5 non-English records, and 

13 video-only records, 388 records were screened. During the title and abstract screening, 56 book 

chapters, 6 practice guidelines, and 5 encyclopedias were excluded. Of the 321 reports considered for 

full-text review, 271 were excluded because they were irrelevant to the topic. Additionally, 6 full-text 

articles were removed due to inaccessibility (1), lack of necessary data (4), or duplicate cohorts (1). 

Ultimately, 44 studies were included in this review. 
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Figure 4. Diagram illustrating the study selection process following PRISMA 2020 guidelines. 

4.2. Risk of Bias Assessment and Quality Evaluation 

Despite the retrospective design of the included studies, they demonstrated a low risk of bias 

and good quality across all evaluated domains, with only minor exceptions. However, potential 

reporting biases should also be considered. The synthesis was constrained by the absence of 

standardized reporting across studies, and unpublished negative findings could not be assessed, 

which may have introduced bias. Moreover, the reliance on retrospective studies increases the 

likelihood of incomplete data capture, as not all outcomes or adverse events may have been 

consistently reported. Efforts to address these limitations included systematic evaluation of available 

reports and documentation of missing outcomes. The consensus on quality ratings and RoB 

assessment is provided in Table 3 and Figure 5. 
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Table 3. Newcastle–Ottawa scale scores for cohort studies, case-control studies, and case series included in the 

systematic review [11,24–37]. 

Study Selection Comparability Outcome Total 

Madeb R. (2006) [24] 3 1 2 6 

Nayyar R. (2009) [25] 3 1 2 6 

Correa J.J. (2009) [26] 3 1 2 6 

Kim D.K. (2010) [27] 3 1 2 6 

Lee H.E. (2010) [28] 3 1 2 6 

Tadtayev S. (2011) [29] 3 1 2 6 

Raynor M. (2011) [30] 3 1 2 6 

Rivera M. (2015) [31] 3 1 3 7 

James K. (2015) [32] 3 1 3 7 

Fode M. (2016) [33] 3 1 3 7 

Ahmed H. (2017) [34] 3 1 3 7 

Yong J. (2020) [35] 3 1 2 6 

Osumah T.S. (2021) [36] 3 1 2 6 

Perez D. (2022) [11] 3 1 2 6 

Stokkel L.E. (2022) [37] 3 1 3 7 

 

Figure 5. JBI Critical Appraisal Checklist for Case Reports included in systematic review [1,7,10,13,14,38–61]. 

4.3. Overview 

In this study, outcomes were first contextualized by comparing findings from the existing 

literature on RAUEPC for urachal pathologies, as summarized in Table 4, with institutional data. This 

comparative analysis positioned our results within the broader context of previously published 

studies. Subsequently, a detailed examination of the procedures performed at our institution is 

presented, including a breakdown of operative outcomes, complication rates, and patient recovery 

rates, as summarized in Table 5. This approach was employed to provide a nuanced understanding 

of both external evidence and institutional experience, highlighting similarities and differences in 

clinical outcomes.
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Table 4. Robot-Assisted Urachal Excision and Partial Cystectomy: Data from Studies Included in Systematic Review and Institutional Experience Summary—Outcomes and Follow-up. 
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Madeb 

R. 

(2006) 

[24] 

Rochester 

General 

Hospital 

(USA) 

5 

Urachal 

anomalies 

(remnants) (2), 

urachal 

adenocarcino

ma (3) 

Hematuria, 

irritative 

LUTS, 

dysuria 

US, CT, 

MRI 

Urachal 

submuco

sal mass, 

bladder 

dome 

tumor 

No No No Yes Yes 

Small 

bowel 

perforatio

n, 

postopera

tive 

repair 

2 (3 

patients), 

14 (1 

patient), 6 

(1 patient) 

Benign 

diverticulum 

(1), 

adenocarcinom

a (3), 

leiomyoma (1) 

da 

Vin

ci 

120–

480 
N/A 

25–

300 

3 M 

2 F 

22–

68 
8 Yes Normal Yes 

No 

recurre

nce 

No N/A 

Yamzo

n J.  

(2008) 

[38] 

University 

of Southern 

California 

(USA) 

1 Urachal cyst 

Midline 

abdominal 

pain 

CT N/A No No No Yes No None N/A 

Benign urachal 

cyst with acute 

and chronic 

inflammation 

da 

Vin

ci 

N/A N/A N/A F 4 N/A N/A N/A N/A N/A No N/A 

Spiess 

P.E.  

(2009) 

[39] 

H. Lee 

Moffitt 

Cancer 

Center  

(USA) 

1 

Urachal 

adenocarcino

ma 

Hematuria, 

mucosuria 
CT 

Bladder 

dome 

tumor 

Ye

s 
No No Yes Yes None 4 

pT2N0Mx 

adenocarcinom

a with negative 

margins 

N/

A 
300 N/A 150 M 55 N/A N/A N/A N/A N/A No N/A 

Nayyar 

R.  

(2009) 

[25] 

All India 

Institute of 

Medical 

Sciences 

(India) 

3 

Urachal 

adenocarcino

ma 

Hematuria US, CT 

Bladder 

dome 

tumor, 

margins 

marked 

Ye

s 
No No Yes Yes None 3 

Urachal 

adenocarcinom

a, margins free 

(3) 

da 

Vin

ci S 

182 N/A <100 

Mixed 

(non-

specifi

ed) 

N/A 8 Yes Normal N/A N/A No N/A 
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Correa 

J.J. 

(2009) 

[26] 

H. Lee 

Moffitt 

Cancer 

Center  

(USA) 

2 

Urachal 

adenocarcino

ma 

Hematuria, 

mucosuria, 

pain 

CT 

Bladder 

dome 

tumor 

Ye

s 

Yes  

(1 

patient

) 

No Yes Yes None 

4 (1 

patient), 7 

(1 patient) 

pT2NxMx 

adenocarcinom

a, pT3N1Mx 

adenocarcinom

a 

N/

A 

300–

354 
N/A 

100–

150 
M 

53–

55 
<3 N/A N/A N/A N/A 

Ye

s 

Cisplatin, 

5-

fluorourac

il  

(1 patient) 

 

Allapar

thi S.  

(2010) 

[40]  

University 

of 

Massachuset

ts Medical 

School  

(USA) 

1 

Urachal 

adenocarcino

ma 

Hematuria  
CT, 

MRI 

Bladder 

dome 

tumor 

Ye

s  
No No Yes No 

Bowel 

obstructio

n 

requiring 

resection 

(readmiss

ion) 

2 

Invasive 

adenocarcinom

a, margins free  

da 

Vin

ci 

165 N/A 20 M 24 6 Yes Normal  Yes 

No 

recurre

nce  

No N/A 

Kim 

D.K.  

(2010) 

[27] 

Hanyang 

University 

(Korea) 

4 

Urachal cyst 

(2), patent 

urachus (1), 

urachal 

cystadenoma 

(1) 

Hematuria, 

dysuria, 

mucosuria 

CT 

Bladder 

dome 

mass 

No No No Yes No None 4–7 

Urachal cyst 

(2), patent 

urachus (1), 

urachal 

cystadenoma 

(1) 

da 

Vin

ci S 

130–

260 

70–

150 

20–

250 

2 M 

2 F 

45–

65 
1 N/A N/A N/A N/A No N/A 

Lee 

H.E. 

(2010) 

[28] 

Seoul 

National 

University 

Hospital 

(Korea) 

2 Urachal cyst 

Gross 

hematuria, 

lower 

abdominal 

pain 

CT 

Urachal 

cyst with 

inflamma

tion 

No No No Yes No None 1 

Urachal cyst 

with non-

specific 

inflammation 

N/

A 

220–

225 
N/A 

Mini

mal 

1 M 

1 F 

43–

47 
N/A No N/A No N/A No N/A 

Tadtay

ev S. 

(2011) 

[29]  

Lister 

Hospital  

(UK) 

4 

Urachal 

adenocarcino

ma 

N/A N/A 

Bladder 

dome 

tumor 

Ye

s  

Yes  

(3 

patient

s) 

Yes  

(1 

patie

nt) 

Yes Yes None 4  

pT2-pT3 

adenocarcinom

a, villous 

adenoma 

N/

A 

150–

240 

70–

170 

20–

250 
N/A N/A  N/A Yes 

Normal 

(all 3 

cases 

with 

curativ

e 

intent) 

Yes 

No 

recurre

nce (all 

3 cases 

with 

curativ

e 

intent) 

No N/A 

Raynor 

M. 

(2011) 

[30]  

University 

of North 

Carolina 

(USA) 

12 

Urachal 

adenocarcino

ma (4), 

symptomatic 

urachal 

cyst/sinus (8)  

N/A N/A N/A 
N/

A 
N/A N/A Yes N/A None 1–3 N/A 

N/

A 

79–

200 
N/A 25–75 

7 M 

5 F 

42.1 

(mea

n) 

N/A N/A N/A N/A N/A No N/A 
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Kosano

vic R.  

(2014) 

[41] 

Baptist 

Health 

South 

Florida 

(USA) 

1 

Urachal 

adenocarcino

ma 

Recurrent 

UTIs 

US, 

MRI 
Normal No No No Yes No None 3 

Well-

differentiated 

mucinous 

adenocarcinom

a, muscularis 

propria 

involvement 

da 

Vin

ci 

N/A N/A N/A F 53 N/A Yes Normal N/A N/A No N/A 

Rivera 

M. 

(2015) 

[31] 

Mayo Clinic 

(USA) 
11 

urachal cyst 

(5), urachal 

remnant (3), 

fibrovascular 

necrotizing 

granuloma (1), 

urachal cyst 

with colonic 

metaplasia (1), 

urachal cyst 

with fibrosis 

(1) 

Umbilical 

drainage, 

abdominal 

pain, 

infection 

CT, 

MRI 
N/A No No No No No 

UTI 

requiring 

antibiotic

s 

1–2 

urachal cyst 

(5), urachal 

remnant (3), 

fibrovascular 

necrotizing 

granulomatous 

tissue (1), 

urachal cyst 

with colonic 

metaplasia (1), 

urachal cyst 

with fibrosis 

(1) 

N/

A 

51–

224 
N/A 5–400 

7 M 

4 F 

12–

72 

1–18 

 

15.5 

(mea

n 

N/A N/A N/A N/A No N/A 

Aoun 

F. 

(2015) 

[42] 

Jules Bordet 

Institute 

(Belgium) 

1 

Urachal 

adenocarcino

ma 

Gross 

hematuria 

US, 

MRI 

Bladder 

dome 

mass 

(small) 

Ye

s 
No No Yes Yes None 4 

Moderately 

differentiated 

mucinous 

colloid 

adenocarcinom

a, pT2b stage 

da 

Vin

ci 

SI 

N/A N/A N/A F 47 3 Yes Normal Yes 

No 

recurre

nce 

No N/A 

James 

K. 

(2015) 

[32] 

Lister 

Hospital 

(UK) 

8 

Urachal 

adenocarcino

ma 

Hematuria, 

dysuria 

CT, 

MRI 

Bladder 

dome 

mass 

Ye

s 
Yes 

Yes  

(1 

patie

nt) 

Yes Yes None 4 

Primary 

urachal 

adenocarcinom

a of bladder, 

no positive 

margins 

da 

Vin

ci S 

130–

240 

70–

170 
50 

5 M 

3 F 

49–

63 
32 Yes 

Normal 

(8/8 

patient

s) 

Yes 

No 

recurre

nce 

(7/8 

patient

s) 

Ye

s 

Oxaliplati

n and 

Capecitabi

ne 

(1 patient) 

Willia

ms C.R. 

(2015) 

[43] 

University 

of Florida  

(USA) 

1 

Urachal 

adenocarcino

ma 

Abdominal 

pain, 

hematuria 

CT, 

PET 

scan 

N/A 
Ye

s 
No No Yes Yes None 1 

Urachal 

mucinous 

adenocarcinom

a, negative 

surgical 

margin, no 

lymph node 

involvement 

da 

Vin

ci 

300 N/A 5 F 20 N/A N/A N/A N/A N/A No N/A 
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Fode 

M. 

(2016) 

[33] 

Zealand 

University 

Hospital 

(Denmark) 

9 
Urachal 

Remnants 

Hematuria, 

umbilical 

secretion, 

UTI 

CT 

Urachal 

remnant 

mass  

(1 case), 

urachal 

remnant 

ducts 

(5 cases) 

No No No Yes No 

Fascia 

rupture 

(3),  

bleeding 

spleen  

(1) 

1–2 

well-

differentiated 

adenocarcinom

a (1), benign 

lesions (8) 

N/

A 

90–

120 
N/A N/A 

5 M 

4 F 

15–

73 
36 Yes Normal Yes 

No 

recurre

nce 

No N/A 

Dabab

neh H.  

(2016) 

[17] 

Sant’Orsola 

Malpighi, 

Bologna  

(Italy) 

1 

Urachal acinar 

adenocarcino

ma 

Hematuria US, CT 

Bladder 

dome 

tumor 

Ye

s 
No No Yes Yes None 3 

pT3b acinar 

adenocarcinom

a with negative 

surgical 

margins 

N/

A 
300 250 <50 M 55 N/A N/A N/A N/A N/A No N/A 

Kilday 

P.S. 

(2016) 

[7] 

Kaiser 

Permanente 

Los Angeles 

(USA) 

1 Urachal cyst 

Dyspareuni

a, 

dysorgasmi

a, 

abdominal 

pain 

CT, 

MRI 
Normal No No No Yes No None 1 No malignancy 

N/

A 
N/A N/A N/A F 29 12 No N/A No N/A No N/A 

Shepler 

R. 

(2016) 

[44] 

Eastern 

Virginia 

Medical 

School  

(USA) 

1 
Urachal 

hamartoma 

Dysuria, 

urinary 

frequency, 

nocturia 

CT 

Bladder 

dome 

mass 

Ye

s 
No No No No None 1 

Urachal 

hamartoma, 

benign 

N/

A 
150 N/A 100 F 30 3 No N/A No N/A No N/A 

Ahmed 

H. 

(2017) 

[34] 

Cohen 

Children’s 

Medical 

Center 

(USA) 

16 

Umbilical 

drainage (5), 

infections (7), 

umbilical 

drainage and 

infection (2), 

incidental 

findings (3) 

Umbilical 

drainage, 

infection 

US Normal 
Ye

s 
No No Yes No 

Bladder 

leakage 

(1) 

1–2 

Chronic 

inflammation, 

no malignancy 

N/

A 

107 

(mean

) 

N/A N/A 
10 M 

6 F 

0.8–

16.5 
9–21 N/A N/A l N/A N/A No N/A 

Chen 

A. 

(2017) 

[45] 

Albany 

Medical 

College 

(USA) 

1 

Urachal 

villous 

adenoma 

Mucoid 

discharge, 

dysuria, 

hematuria 

CT, 

cystogr

am 

Urachal 

mass, 

mucous 

discharge 

No No No Yes No None 1 

Villous 

adenoma with 

papillary 

fronds and 

fibrovascular 

cores, no 

malignancy 

N/

A 
N/A N/A N/A F 47 N/A Yes Normal N/A N/A No N/A 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 14 January 2025 doi:10.20944/preprints202501.1001.v1

https://doi.org/10.20944/preprints202501.1001.v1


 16 of 38 

 

Fedelin

i P. 

(2018) 

[18] 

A.Cardarelli 

Hospital, 

Dept. of 

Urology 

(Italy) 

1 

Mucinous 

urachal 

adenocarcino

ma 

Gross 

hematuria, 

dysuria 

MRI 

Bladder 

dome 

solid 

mass 

Ye

s 
Yes No Yes Yes None 4 

Poorly 

differentiated 

adenocarcinom

a, 2/17 lymph 

nodes positive 

for metastases 

N/

A 
120 N/A 

Mini

mal 
M 40 6 Yes Normal Yes 

No 

recurre

nce 

Ye

s 

Enrolled 

in strict 

follow-up 

protocol 

Stilling

s S. 

(2018) 

[1] 

Ohio State 

University 

Wexner 

Medical 

Center  

(USA) 

1 
Urachal 

remnant 

Dysuria, 

perineal 

pain, 

hematuria 

CT 

urogra

m 

Bladder 

dome 

tumor 

(large) 

Ye

s 
No No Yes No None 3 

Chronic 

inflammation, 

negative for 

malignancy 

N/

A 
N/A N/A N/A M 62 N/A No N/A No N/A No N/A 

Prosku

ra A. 

(2018) 

[46] 

Sechenov 

University 

(Russia) 

1 

Mucinous 

urachal 

adenocarcino

ma 

Gross 

hematuria 
MRI 

Bladder 

dome 

mass  

(1 cm) 

No Yes No Yes Yes None N/A 

Mucinous 

adenocarcinom

a invading 

submucosa, 

1/23 lymph 

nodes positive 

N/

A 
N/A N/A N/A F 34 6 No N/A Yes 

No 

recurre

nce 

Ye

s 

6 courses 

of 5-

fluorourac

il and 

cisplatin 

Yong J. 

(2020) 

[35] 

Singapore 

General 

Hospital 

(Singapore) 

9 

Urachal 

adenocarcino

ma (3), benign 

urachal 

nodules (6) 

Gross 

hematuria 
CT 

Solid 

urachal 

lesion 

No No No 

Yes (4 

patien

ts) 

No 

Urosepsis 

(1), acute 

urinary 

retention 

(1) 

2 

Urachal 

adenocarcinom

a (3), benign 

nodules (6) 

da 

Vin

ci 

Xi 

190 

(mean

) 

N/A 50 
8 M 

1 F 

44–

64 
6 No N/A No N/A No N/A 

George 

R. 

(2021) 

[47] 

Albany 

Medical 

Center  

(USA) 

1 

Urachal 

inflammatory 

myofibroblasti

c tumor 

Abdominal 

pain, 

dysuria 

US, CT 

Mixed 

solid/cyst

ic mass 

Ye

s 
No No Yes No None 2 

Urachal 

inflammatory 

myofibroblasti

c tumor with 

ALK gene 

rearrangement 

N/

A 
N/A N/A N/A F 27 5 No N/A No N/A No N/A 

Connor 

J. 

(2021) 

[48] 

Medical 

University 

of South 

Carolina 

(USA) 

1 

Mucinous 

cystadenocarci

noma of 

urachus 

Frequency, 

urgency 

CT, 

MRI 

Bladder 

wall 

thickenin

g 

No No No No No None 1 

Mucinous 

cystadenocarci

noma, no 

invasion 

N/

A 
N/A N/A N/A M 67 12 No N/A Yes 

No 

recurre

nce 

No N/A 

Lough 

C.P. 

(2021) 

[49] 

University 

of Missouri 

School of 

Medicine 

(USA) 

1 
Calcified 

urachal cyst 

Gross 

hematuria 

CT 

urogra

m 

Normal No No No No No None 1 

Calcified 

urachal cyst, 

no malignancy 

N/

A 
N/A N/A N/A F 50 N/A N/A N/A N/A N/A 

N/

A 
N/A 
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Abou 

Zahr R.  

(2021) 

[50] 

 

Jules Bordet 

Institute, 

Brussels 

(Belgium) 

1 

Mucinous 

urachal 

adenocarcino

ma 

Gross 

hematuria 

CT, 

MRI 

Mucinous 

lesion at 

bladder 

dome 

Ye

s 
No No Yes No None 5 

Mucinous 

adenocarcinom

a, pT3bNx 

N/

A 
N/A N/A N/A F 49 12 No N/A Yes 

No 

recurre

nce 

No N/A 

Arena 

S. 

(2021) 

[51] 

University 

of Messina 

(Italy) 

1 Urachal cyst 

Suprapubic 

abdominal 

pain 

MRI 

Supra-

vesical 

cyst 

No No No Yes No None 7 

Benign urachal 

cyst, no 

malignancy 

N/

A 
N/A N/A N/A F 15 3 No N/A No N/A No N/A 

Osuma

h T.S.  

(2021) 

[36] 

Mayo Clinic 

(USA) 
14 

Urachal 

remnant (9), 

cyst (3), patent 

urachus (2) 

Abdominal 

pain, fever, 

UTI, 

umbilical 

drainage 

US, CT Normal No No No 

Yes 

(some 

cases) 

No 

UTI (1), 

persistent 

abdomina

l pain (1) 

1 

Benign 

findings, no 

malignancy 

da 

Vin

ci 

Xi 

133 

(medi

an) 

N/A 
Mini

mal 

9 M 

5 F 
2–16 0.25 No N/A No N/A No N/A 

Shin 

H.B. 

(2021) 

[52] 

Eulji 

University 

Hospital 

(Korea) 

1 

Eosinophilic 

cystitis with 

infected 

urachal cyst 

Gross 

hematuria, 

fever, 

dysuria, 

suprapubic 

pain 

CT 

Raspberr

y-like 

mass at 

bladder 

dome 

Ye

s 
No No Yes No None 7 

Eosinophilic 

cystitis with 

heavy 

eosinophilic 

infiltration and 

infected 

urachal cyst 

N/

A 
N/A N/A N/A M 59 23 Yes Normal Yes 

No 

recurre

nce 

No N/A 

Park 

J.J. 

(2021) 

[53] 

Soonchunhy

ang 

University 

Hospital 

(Korea) 

1 

Large urachal 

adenocarcino

ma 

No 

symptoms 
CT 

Lobulate

d mass at 

bladder 

dome 

Ye

s 
No No Yes No None 14 

Well-

differentiated 

mucinous 

adenocarcinom

a, negative 

margins 

da 

Vin

ci 

Xi 

150 N/A 50 M 71 3 No N/A Yes 

No 

recurre

nce 

No N/A 

Jiang 

J.Y. 

(2022) 

[10] 

Nepean 

Hospital, 

Dept. of 

Nuclear 

Medicine 

(Australia) 

1 

Mucinous 

urachal 

adenocarcino

ma 

Dysuria, 

urgency, 

macrohema

turia 

PET/C

T, MRI 

Mixed 

solid/cyst

ic mass 

with 

calcificati

on 

No No No Yes Yes None 7 

Mucinous 

adenocarcinom

a, invasion 

through 

bladder wall 

N/

A 
N/A N/A N/A F 24 N/A N/A N/A N/A N/A 

N/

A 
N/A 

Perez 

D. 

(2022) 

[11] 

Shaare 

Zedek 

Medical 

Center, 

Jerusalem 

(Israel) 

9 

Urachal cyst 

(5), sinus (2), 

diverticulum 

(1), patent 

urachus (1) 

Umbilical 

discharge, 

abdominal 

pain, 

hematuria, 

recurrent 

UTI 

US, CT, 

MRI, 

VCUG 

Urachal 

mass 
No No No 

Yes (5 

patien

ts) 

No 

Grade 

IIIA (1) 

infected 

hematom

a, Grade 

IIIB (1) 

abscess 

reoperati

on 

1–7 

6 cases with 

urothelium, 

including 2 

with 

necrotizing 

granuloma; 3 

cases without 

epithelium 

N/

A 

52–

140 
N/A N/A 

6 M 

3 F 
0–37 N/A N/A N/A N/A N/A No N/A 
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Stokkel 

L.E. 

(2022) 

[37] 

Netherlands 

Cancer 

Institute 

(Netherland

s) 

8 

Urachal 

adenocarcino

ma 

Gross 

hematuria, 

abdominal 

pain 

CT, 

MRI 

Mass at 

bladder 

dome 

No 

Yes (3 

patient

s) 

No Yes 

Yes (3 

patien

ts) 

Grade V 

(1) 

arterial 

occlusion, 

Grade III 

(1) 

urinary 

leakage 

2–8 

Adenocarcino

ma, stages 

pT2–pT4, 3 

cases with 

positive lymph 

nodes 

N/

A 

90–

180 
N/A N/A 

5 M 

3 F 

42–

79,  

 

60 

(mea

n) 

25–

56  

 

31 

(mea

n) 

Yes 

7 

patient

s 

normal 

 

1 

patient 

local 

recurre

nce 

Yes 

2 

patient

s 

port-

site 

recurre

nce 

Ye

s 

1 patient 

external 

radiothera

py and 

brachythe

rapy 

 

1 patient 

palliative 

chemother

apy (not 

specified) 

Kochva

r A.P. 

(2023) 

[54] 

Kansas City 

Urology 

Care, 

Kansas City 

(USA) 

1 

Low-grade 

urachal 

cystadenoma 

with 

calcification 

Left lower 

quadrant 

pain 

US, 

MRI 

Extrinsic 

bladder 

compress

ion 

No No No No No None 1 

Low-grade 

mucinous 

cystadenoma 

with calcified 

mucin 

N/

A 
N/A N/A N/A F 57 N/A Yes Normal Yes 

No 

recurre

nce 

No N/A 

Bogaert

s Q. 

(2023) 

[55] 

Ziekenhuis 

Oost-

Limburg, 

Genk 

(Belgium) 

1 

Mucinous 

cystic tumor of 

low malignant 

potential 

No 

symptoms 

PET-

CT 

Mass at 

bladder 

dome 

No No No Yes No None 1 

Mucinous 

cystic tumor 

with low 

malignant 

potential 

da 

Vin

ci 

Xi 

75 N/A 
Mini

mal 
F 59 6 No N/A Yes 

No 

recurre

nce 

No N/A 

Kunits

ky K.S. 

(2024) 

[56] 

Kansas City 

Urology 

Care, 

Kansas City 

(USA) 

1 

Symptomatic 

urachal 

remnant 

Dysuria, 

urinary 

frequency, 

intermittent 

hematuria, 

right flank 

pain 

CT 

Bladder 

wall 

thickenin

g 

No No No Yes No None 1 

Urachal 

remnant, 

benign (no 

malignancy) 

da 

Vin

ci 

SP 

135 N/A 10 F 34 1 No N/A No N/A No N/A 

Hemal 

S. 

(2024) 

[57] 

University 

of Southern 

California 

(USA) 

1 

Urachal 

adenocarcino

ma 

Hematuria, 

mucosuria 

CT, 

MRI 

Solitary 

tumor at 

bladder 

dome 

Ye

s 

Yes 

(bilater

al) 

No Yes Yes None 1 

Muscle-

invasive 

adenocarcinom

a, pT2b, 

negative 

margins 

da 

Vin

ci 

SP 

100 N/A 20 M 41 N/A N/A N/A N/A N/A No N/A 

Hamas

aki S. 

(2024) 

[58] 

Saitama 

Medical 

University 

(Japan) 

1 
Urachal 

remnant 

No 

symptoms 
MRI 

Protrudin

g lesion 

with 

normal 

mucosa 

No No No Yes No None 6 

Urachal 

remnant with 

normal 

urothelium 

da 

Vin

ci 

Xi 

N/A N/A 
Mini

mal 
F 55 N/A N/A N/A N/A N/A No N/A 
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Elsheik

h M. 

(2024) 

[59] 

Royal 

Bournemout

h Hospital, 

Bournemout

h (UK) 

1 

Transmural 

bladder 

leiomyoma 

invading 

urachal 

remnant 

Gross 

hematuria, 

dysuria 

CT, 

MRI 

4 cm 

mass at 

bladder 

dome 

Ye

s 
No No Yes No None 2 

Infarcted 

bladder 

leiomyoma, no 

malignancy 

N/

A 
N/A N/A N/A M 29 N/A No N/A No N/A No N/A 

Thiesfe

ldt D.L. 

(2024) 

[60] 

University 

of Central 

Florida 

College of 

Medicine, 

Nemours 

Children’s 

Hospital 

(USA) 

1 
Large urachal 

cyst 

Lower 

urinary 

tract 

symptoms, 

falsely 

elevated 

post-void 

residual 

US, 

MRI 
Normal No No No No No None 1 

Urachal cyst 

with no 

malignancy 

N/

A 
N/A N/A 

Mini

mal 
M 11 N/A No N/A No N/A No N/A 

Rich 

J.M. 

(2024) 

[61] 

NYU 

Langone 

Health, 

NYU School 

of Medicine 

(USA) 

1 
Recurrent 

urachal cyst 

Umbilical 

pain, 

umbilical 

drainage 

CT, 

MRI 

Cyst with 

rim-

enhancin

g fluid 

collection 

No No No Yes No None 1 
Urachal cyst, 

no malignancy 

N/

A 
N/A N/A 

Mini

mal 
M 24 N/A N/A N/A N/A N/A No N/A 

Our 

work 

Multidiscipli

nary 

Hospital in 

Warsaw-

Miedzylesie 

(Poland) 

3 

Suspected 

urachal tumor 

(2), urachal 

tumor (1) 

Suprapubic 

pain, 

hematuria 

CT 

Tumor at 

the 

bladder 

dome (2 

cases), 

normal (1 

case) 

No No No No No 

Gade II: 

red blood 

cell 

concentra

tes 

transfusio

n (1) 

6.33 (mean) 

 

2.66 

postoperati

vely 

(mean) 

Benign 

findings, no 

malignancy (2), 

mucinous 

cystadenocarci

noma (1) 

da 

Vin

ci X 

85.33 

(mean

) 

57.66 

(mea

n) 

216.66 

(mean

) 

3 M 

52.66 

(mea

n) 

10.66 

(mea

n) 

Yes 

(1 

patie

nt) 

Normal 

(cT0) 

Yes (2 

patien

ts) 

No 

recurre

nce 

No N/A 

Table 5. Robot-Assisted Urachal Excision and Partial Cystectomy: Detailed Data from Single-Center Experience—Outcomes and Follow-up. 
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Drobot RB  

15 

December 

2022  

Multidisciplinary 

Hospital in 

Warsaw-

Miedzylesie 

(Poland) 

9.9 

-> 

8.4 

Suspected 

urachal 

tumor on 

CT 

(contrast-

enhanced 

tissue 

mass) 

Chronic 

suprapubic 

pain 

CT Normal No No No No No 

II Clavien 

Dindo: red 

blood cell 

concentrate 

transfusion 

7 (3 

postoperatively) 

Tissue fragment measuring 13×5 cm, 

consisting of adipose tissue, and an 

adjacent cohesive element measuring 

3×2×5 cm. The obfuscated material is 

not very legible. Urachus without 

tumor. 

da 

Vinci 

X 

90 55 450 Male 44 20    No N/A Yes 

No 

evidence 

of 

pathology 

No N/A 

Drobot RB  

19 

October 

2023  

Multidisciplinary 

Hospital in 

Warsaw-

Miedzylesie 

(Poland) 

9.5 

-> 

8.4 

Urachal 

tumor 

Shelodon 

IIIA stage 

Suprapubic 

pain, 

hematuria 

CT 

Tumor 

at the 

dome 

of the 

bladder 

No No No No No None 
5 (2 

postoperatively) 

Cystadenocarcinoma mucinosum 

lesion excised completely (R0). 

da 

Vinci 

X 

85 50 150 Male 66 10          Yes 
Normal 

(cT0) 
Yes 

No 

evidence 

of 

recurrence 

(N0, M0) 

No N/A 

Drobot RB  

12 

September 

2024 

Multidisciplinary 

Hospital in 

Warsaw-

Miedzylesie 

(Poland) 

9.4 

-> 

9.1 

Suspected 

urachal 

tumor on 

CT 

Microscopic 

hematuria 
CT 

Tumor 

at the 

dome 

of the 

bladder 

No No No No No None 
7 (3 

postoperatively) 

The examined material includes 

samples of the patent urachus with 

focal, moderately abundant chronic 

inflammatory infiltrates; no neoplastic 

tissue is observed 

da 

Vinci 

X 

81 68 50 Male 48 2 No N/A No N/A No N/A 
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4.3.1. Sex and Age Distribution 

Among the total cohort of 145 patients (Figure 6), females accounted for 60 cases (GR: 0.71), 

while males made up 85 cases (GR: 1.42). In the youngest age group (0–4 years), only one female 

patient (0.73%) was recorded. The 5–15 years category saw a notable increase in cases, with 14.6% 

male and 8.76% female. In the 16–19 years group, males (4.38%) slightly outnumbered females 

(2.19%). Among young adults (20–29 years), females (2.92%) slightly surpassed males (2.19%). In 

older age groups, the sex distribution became more balanced or male-dominated. For instance, in the 

40–49 years group, males and females each accounted for 16.06% of the cases. However, in the 50+ 

years category, males (19.71%) significantly outnumbered females (10.22%), indicating a strong male 

predominance in older patients. 

 

Figure 6. Sex distribution by age group in patients undergoing RAUEPC for benign and malignant urachal 

pathologies in the included studies. 

In our cohort, all three patients were male, consistent with the observed male predominance 

reported in the literature, particularly in older age groups. The patients’ ages ranged from 44 to 66 

years, with a mean age of 52.66 years, aligning with the typical age distribution for urachal 

pathologies. 

4.3.2. Reasons for Surgery 

Among the reasons for surgery (Figure 7), urachal cyst/sinus (35 [28.92%]) was the most 

prevalent. Malignant conditions (based on preoperative biopsy/TURBT results), such as urachal 

adenocarcinoma (28 [23.14%]), also played a notable role, emphasizing the diverse pathology of 

urachal abnormalities. Intermediate prevalence was noted for non-specified urachal remnants (18 

[14.87%]), other urachal tumors (14 [11.57%]), and patent urachus (11 [9.09%]). Infections constituted 

a rare cause for surgery (7 [5.78%]). 
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Figure 7. Reasons for RAUEPC for benign and malignant urachal pathologies in the included studies. 

In our case series, the primary indications for surgery were two urachal tumors suspected on CT 

and one adenocarcinoma confirmed by preoperative TURBT. 

4.3.3. Symptoms 

The most prevalent symptom was hematuria (29.89%). Abdominal pain was another commonly 

reported symptom, observed in 18.39% of the cases. Dysuria (13.79%) and UTI (9.20%) were other 

frequent symptoms. These data highlight the variability in symptom presentation and the importance 

of individualized clinical evaluations for accurate diagnosis. A summary is presented in Table 6. 

Table 6. Detailed overview of identified symptoms in patients undergoing RAUEPC for benign and malignant 

urachal pathologies in the included studies. 

Symptoms Count (Number) Percentage (%) 

Hematuria 26 29.89 

Abdominal pain 16 18.39 

Dysuria 12 13.79 

UTI 8 9.20 

Irritative LUTS 8 9.20 

Umbilical drainage/discharge 6 6.90 

Mucosuria 5 5.75 

No symptoms 3 3.45 

Dyspareunia/dysorgasmia 2 2.30 

Obstructive LUTS 1 1.15 

Among our cases, suprapubic pain was noted in two patients (66.6%), while hematuria was 

present in one patient (33.3%), reflecting the symptom variability described in the literature. 

4.3.4. Imaging Methods 

CT scans (31 [43.05%]) were the most commonly employed imaging method, followed by MRI 

(22 [30.55%]). Other imaging methods included ultrasound (US) (9 [12.50%]). PET scans (3 [4.16%]) 

were less commonly used. Rarely utilized methods included CT urography (2 [2.77%]), cystograms 

(1 [1.38%]), voiding cystourethrogram (VCUG) (1 [1.38%]), and others (1 [1.38%]). 
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All cases (100%) in our series were evaluated using CT imaging, reflecting its predominant role 

in diagnosing urachal pathologies. 

4.3.5. Cystoscopy Results 

The most common result noted among preoperative cystoscopy descriptions was a bladder 

dome mass/finding (40.38%), followed by a normal cystoscopy result (11.54%) and urachal remnant 

ducts (9.62%). Less common findings included bladder wall thickening (3.85%) and several other 

findings (Table 7). 

Table 7. Detailed overview of identified cystoscopy descriptive results among patients undergoing RAUEPC for 

benign and malignant urachal pathologies in the included studies. 

Cystoscopy Results Count (Number) Percentage (%) 

Bladder dome mass/finding 20 40.38 

Normal 6 11.54 

Urachal remnant ducts 5 9.62 

Bladder wall thickening 2 3.85 

Urachal mass 2 3.85 

Extrinsic bladder compression 1 1.92 

Mixed solid/cystic mass 1 1.92 

Mixed solid/cystic mass with calcification 1 1.92 

Protruding lesion with normal mucosa 1 1.92 

Solid urachal lesion 1 1.92 

Supra-vesical cyst 1 1.92 

Urachal cyst with inflammation 1 1.92 

Cyst with rim-enhancing fluid collection 1 1.92 

Urachal remnant mass 1 1.92 

Urachal submucosal mass 1 1.92 

Margins marked 1 1.92 

Mucous discharge 1 1.92 

Preoperative cystoscopy in our series revealed a bladder dome mass in two cases (66.6%), while 

one case (33.3%) showed a normal result. 

4.4. Evidence Synthesis 

4.4.1. Feasibility 

Operation time across all included studies averaged 177.8 min, with a median of 150 min (95% 

CI: 96.8–300), ranging from 75 to 327 min (CV = 0.4), while institutional data demonstrated a 

significantly shorter mean operative time of 85.33 min (95% CI: 74.13–96.53 min). These findings are 

illustrated in Figure 8. 
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Figure 8. Comparison of RAUEPC Operative Times between Included Studies and Institutional Data with 95% 

Confidence Interval. 

Notably, no conversions to open surgery were reported either in the literature (0%) or among 

institutional cases. 

Reported blood loss in the literature averaged 83.3 mL, with a median of 50 mL (95% CI: 50–

171), ranging from 5 to 203 mL (CV = 0.7). Mean blood loss in our cohort was 216.66 mL. 

4.4.2. Efficacy 

All included studies reported a 100% complete excision rate, with no instances of positive 

surgical margins observed among malignant cases in either the systematic review or the institutional 

data. 

4.4.3. Safety 

As summarized in Table 8, most patients (66.67%, 34 cases) experienced no complications. While 

7.84% of patients experienced minor complications (Grade I and II; 4 cases), major complications 

(Grade IIIA, IIIB, IVa, and V) were observed in 19.61% of cases (10 cases). Among these, fascia rupture 

(3 [5.88%]) was the most frequent. Institutional data showed one minor complication (Clavien-Dindo 

Grade II: red blood cell transfusion), with no major complications reported. 

Table 8. Identified complications (Clavien-Dindo) across the studies on RAUEPC for benign and malignant 

urachal pathologies. 

Category Count (Number) Percentage (%) Details (Number) 
Detail  

Percentage (%) 

No Complications 34 66.67   

Grade I 2 3.92 
Acute urinary retention (1) 

Persistent abdominal pain (1) 

1.96 

1.96 

Grade II 2 3.92 
UTI (1) 

UTI requiring antibiotics (1) 

1.96 

1.96 

Grade IIIA 2 3.92 
Bladder leakage (1) 

Infected hematoma (1) 

1.96 

1.96 

Grade IIIB 6 11.76 Fascia rupture (3) 5.88 
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Bowel obstruction (1) 

Abscess reoperation (1) 

Small bowel perforation (1) 

1.96 

1.96 

1.96 

Grade IVa 1 1.96 Urosepsis (1) 1.96 

Grade V 1 1.96 Arterial occlusion (death) (1) 1.96 

The mean hospital stay across literature was 3.9 days, with a median of 2.5 days (95% CI: 1–

10.85), ranging from 1 to 22 days and showing substantial variability (CV = 1.1). In 2006, the longest 

average stay of 22 days was recorded, although based on a single case. From 2009 to 2024, the average 

stay generally declined, with notable exceptions in 2022 (7.33 days, based on 3 cases) and 2021 (4.75 

days, based on 8 cases). The shortest average stay occurred in 2023, with 1 day across 2 cases. The 

increased sample sizes in 2021 and 2024 (8 and 6 cases, respectively) provide more robust averages 

compared to earlier years. This suggests an overall trend toward shorter hospital stays over time. 

Institutional results indicated a mean stay of 6.33 days (95% CI: 3.46–9.20 days). 

Across all analyzed cases, a single readmission (0.69%) was documented in the literature, 

whereas none occurred in our cohort. 

4.4.4. Short-Term Clinical Outcomes 

A striking 85.7% of patients in literature underwent umbilicus removal. Finally, 

lymphadenectomy was performed in 33.3% of the cases, highlighting that some patients present with 

advanced malignant disease requiring the removal of lymph nodes for staging or to reduce the risk 

of metastasis. In our cohort, neither lymphadenectomy nor umbilicus removal was performed, as 

these procedures were not indicated based on the preoperative staging. 

Postoperative histopathological analysis of 145 cases demonstrated a clear predominance of 

benign lesions, which accounted for 66.21% (96/145) of the cases, compared to malignant lesions, 

which accounted for 33.79% (49/145). Within the benign subgroup, urachal remnants were the most 

frequently identified pathology, constituting 31.03% (45/145) of all cases and 46.88% (45/96) of all 

benign findings. Similarly, urachal cysts were observed in 23.45% (34/145) of the entire cohort and 

represented 35.42% (34/96) of benign lesions, further highlighting their clinical prevalence. Less 

common benign entities included patent urachus (4 cases, 2.76% of the total; 4.17% of benign lesions), 

as well as diverticulum, leiomyoma, cystadenoma, and villous adenoma, each contributing to 1.38% 

(2/145) of total cases and 2.08% of benign pathologies. Rare benign conditions, such as fibrovascular 

necrotizing granulomatous tissue, hamartoma, and myofibroblastic tumor, accounted for only 0.69% 

(1/145) each, underscoring their limited clinical incidence. Conversely, malignant urachal pathologies 

were predominantly represented by adenocarcinoma, which constituted 32.41% (47/145) of the total 

cohort and comprised 95.92% (47/49) of the malignant findings. Other malignant lesions, including 

cystadenocarcinoma and mucinous cystic tumors with low malignant potential, were exceedingly rare, 

comprising 0.69% (1/145) of the total cases and 2.04% (1/49) of malignant lesions. In our cohort, 

postoperative histopathological analysis revealed benign lesions in two cases and a mucinous 

cystadenocarcinoma in one case, with a distribution similar to that reported in the literature. 

Of the total lymphadenectomy cases, 83.33% showed no lymph node involvement, while 16.67% 

had lymph node involvement. An even more pronounced difference was observed in metastasis 

rates, where 95.23% did not present metastases, while only 4.77% showed metastatic disease. In our 

case series, no lymph node involvement was observed, all cases (100%) were free of metastatic 

disease, and lymphadenectomy was not performed. 

4.4.5. Long-Term Follow-Up Outcomes 

Literature data indicate a low recurrence rate, with 1 local recurrence (2.04%) and 2 port-site 

recurrences (4.08%) reported among 49 histologically confirmed malignant cases. Institutional 

follow-up revealed no recurrences (0%). 
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The average follow-up period in included studies was 11 months, with a median of 6 months 

(95% CI: 1.4–35.2), ranging from 1 to 41 months, and a CV of 1, indicating high variability. 

Institutional follow-up averaged 10.66 months (95% CI: 11.74–33.07). 

Adjuvant therapy was administered to 6 (4.14%) of the patients. Among the therapies, 5-

fluorouracil with cisplatin was used most frequently (2 [33.3%]). Other therapies, including 

capecitabine with oxaliplatin (1), external radiotherapy with brachytherapy (1), and palliative 

chemotherapy (unspecified) (1), were also used, each accounting for 16.66%. In our series, none of 

the patients required adjuvant therapy, reflecting the absence of advanced or recurrent disease. 

4.4.6. Factors Influencing Diagnostic Accuracy, Surgical Success and Patient Outcomes 

The statistical analysis revealed a strong association between imaging methods and symptoms, 

as evidenced by an extremely high chi-square statistic (χ2 = 1761) with a p-value of <2.2 × 10−16. This 

result strongly suggests that the choice of imaging method is significantly influenced by the presence 

or type of symptoms. Patients presenting with gross hematuria were more likely to undergo 

advanced imaging techniques, such as CT or MRI, while those with non-specific urinary symptoms, 

such as frequency or urgency, were more frequently evaluated using ultrasound. A significant 

association was observed with adjuvant therapy (χ2 = 38.51, p = 2.42 × 10−6), suggesting that imaging 

methods may vary depending on the use of adjuvant treatment. Patients who underwent adjuvant 

therapy were more likely to have undergone CT imaging prior to therapy initiation. The relationship 

with the age group (χ2 = 1088.7, p < 2.2 × 10−16) highlights significant differences in imaging preferences 

or applications across various age categories. Specifically, younger patients (aged < 30 years) 

predominantly underwent ultrasound, whereas older patients (aged > 50 years) were more likely to 

undergo CT or MRI. Sex was strongly associated with symptoms (χ2 = 74.9, p < 0.05) and age group 

(χ2 = 27.8, p < 0.05), indicating differences in symptom presentation and age distribution across sexes. 

Males were more likely to present with gross hematuria, while females reported non-specific 

symptoms, such as urgency and dysuria. Sex influenced the choice of imaging method (χ2 = 33.6, p < 

0.05), with males more frequently undergoing CT and females more likely to undergo ultrasound 

evaluations. Cystoscopy results (χ2 = 65.6, p < 0.05) revealed that males had a higher incidence of 

findings suggestive of malignancy than females. Sex significantly impacted the administration of 

adjuvant therapy (χ2 = 7.2, p < 0.05), with males slightly more likely to receive it and reasons for 

surgery (χ2 = 97.2, p < 0.05), with benign conditions being more common in females and malignancies 

more frequent in males. A strong relationship between symptoms and age group (χ2 = 6727, p < 0.05) 

highlighted the significant variability in symptom presentation across different age categories. 

Younger patients (<30 years) more commonly presented with non-specific symptoms, such as 

abdominal pain and urinary frequency, while older patients (> 50 years) predominantly exhibited 

hematuria. The association between age group and adjuvant therapy (χ2 = 793.62, p < 0.05) revealed 

notable differences in therapeutic interventions among the age groups, with middle-aged patients 

(50–65 years) being the most likely to receive adjuvant therapy. The reason for surgery (χ2 = 6700, p < 

0.05) also varied substantially, suggesting that surgical decisions are influenced by age-related 

factors. Younger patients often undergo surgery for benign conditions, whereas older patients are 

more frequently treated for malignancies. Finally, the results from the chi-square tests indicated 

significant associations between adjuvant therapy and both the reason for therapy (χ2 = 1117, p < 2.2 

× 10−16) and cystoscopy results (χ2 = 208.7, p < 2.2 × 10−16). These findings strongly suggest a robust 

statistical relationship between the application of adjuvant therapy and cystoscopy outcomes, with 

patients with positive cystoscopy findings being more likely to receive adjuvant treatment. 

These associations, summarized in Figure 9, provide a comprehensive overview of statistically 

significant findings and evidence-based guidance (Table 9) for diagnostic and therapeutic decisions 

in RAUEPC for benign and malignant urachal pathologies. 
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Figure 9. Statistically significant associations in clinical data of patients undergoing RAUEPC for benign and 

malignant urachal pathologies in the literature. 

Table 9. Evidence-Based Guidance for Diagnostic and Therapeutic Decisions in RAUEPC for Benign and 

Malignant Urachal Pathologies. 

Key Finding 
Statistical 

Significance 

Level of 

Evidence 

GRADE 

Approach 

Recommendation 

Strength 
Recommendation 

Imaging method choice 

is significantly 

influenced by symptoms. 

Gross hematuria leads to 

CT/MRI use, while non-

specific symptoms often 

result in ultrasound. 

χ2 = 1761 

p < 2.2 × 10−16 

Low 

Retrospective 

cohort studies; 

low risk of bias 

but limited by 

imprecision and 

study design 

limitations. 

Strong 

Advanced imaging 

modalities (CT/MRI) 

should be prioritized 

for patients with gross 

hematuria. 

Imaging method varies 

depending on adjuvant 

therapy. CT was more 

common in patients 

receiving therapy. 

χ2 = 38.51 

 

p = 2.42 × 10−6 

Low 

Small 

retrospective 

studies and case 

reports; indirect 

evidence with 

Weak 

CT should be 

performed before 

initiating adjuvant 

therapy for accurate 

staging. 
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inconsistent 

reporting. 

Imaging preferences 

differ by age. Younger 

patients (<30 years) favor 

ultrasound, older 

patients (>50 years) favor 

CT/MRI. 

χ2 = 1088.7 

p < 2.2 × 10−16 

Low 

Retrospective 

data; consistent 

findings but 

lacking 

prospective 

validation. 

Weak 

Imaging modalities 

should consider the 

patient’s age, with 

CT/MRI recommended 

for older patients due 

to the higher likelihood 

of malignant 

pathologies. 

Symptom presentation 

differs by sex: males are 

more likely to present 

with gross hematuria, 

females with non-specific 

symptoms 

χ2 = 74.9 

p < 0.05 

Low 

Case series and 

small 

observational 

studies; evidence 

consistent but 

imprecise 

Weak 

Consider advanced 

imaging for males with 

gross hematuria to 

exclude malignancy. 

Males undergo CT more 

frequently, while females 

favor ultrasound 

evaluations. 

χ2 = 33.6 

p < 0.05 

Low 

Retrospective 

studies; limited 

subgroup sizes 

and lack of 

prospective 

validation. 

Weak 

The choice of imaging 

modality should be 

guided by clinical 

indications and 

symptoms, without 

being influenced solely 

by the patient’s sex. 

Cystoscopy findings are 

more suggestive of 

malignancy in males 

compared to females. 

χ2 = 65.6 

p < 0.05 

Low 

Observational 

studies and case 

series; statistically 

significant but 

constrained by 

study quality. 

Strong 

Male patients with 

suspicious or 

undetermined findings 

on cystoscopy should 

be prioritized for 

advanced diagnostic 

work-up to exclude 

malignancy. 

Adjuvant therapy 

administration is 

influenced by sex, with 

males more likely to 

receive therapy. 

χ2 = 7.2 

p < 0.05 

Low 

Retrospective 

observational 

studies; indirect 

evidence with 

small sample 

sizes. 

Weak 

Evaluate patient 

characteristics 

thoroughly when 

considering adjuvant 

therapy. 

Symptom presentation 

varies significantly 

across age groups. 

Younger patients (<30 

years) present non-

specific symptoms, while 

older patients (>50 years) 

exhibit gross hematuria. 

χ2 = 6727 

p < 0.05 

Low 

Retrospective 

study design with 

limited precision 

and absence of 

prospective 

comparative 

studies. 

Weak 

Consider age-related 

symptom variability 

when planning 

diagnostic evaluations. 

Younger patients 

undergo surgery for 

benign conditions; older 

patients for 

malignancies. 

χ2 = 6700 

p < 0.05 

Low 

Case series and 

retrospective 

cohort studies; 

limited by study 

Weak 

Surgical decisions 

should consider age-

related pathology 

trends, ensuring 

malignancies in older 

patients are 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 14 January 2025 doi:10.20944/preprints202501.1001.v1

https://doi.org/10.20944/preprints202501.1001.v1


 29 of 38 

 

design and data 

precision. 

appropriately 

prioritized when 

clinically indicated. 

Positive cystoscopy 

findings are strongly 

associated with adjuvant 

therapy administration, 

and the reason for 

adjuvant therapy is 

strongly linked to 

cystoscopy results. 

χ2 = 208.7 

p < 2.2e × 10−16 

χ2 = 1117 

p < 2.2 × 10−16 

Low 

Retrospective 

data; statistically 

robust but 

constrained by 

limited data. 

Strong 

Cystoscopy outcomes 

should guide decisions 

regarding adjuvant 

therapy, with positive 

findings prompting 

further diagnostic and 

therapeutic 

considerations. 

Adjuvant therapy 

administration differs by 

age, with middle-aged 

patients (50–65 years) 

most likely to receive it. 

χ2 = 793.62 

p < 0.05 

Low 

Retrospective 

observational 

studies; indirect 

evidence with 

imprecision due 

to small sample 

sizes. 

Weak 

Adjuvant therapy 

decisions in malignant 

cases should be based 

on staging and 

pathology, while 

acknowledging that 

middle-aged patients 

(50–65 years) are more 

likely to require it due 

to disease 

characteristics. 

5. Discussion 

Robot-assisted surgery has emerged as a revolutionary method for treating urachal pathologies, 

providing significant advancements in surgical precision, minimal invasiveness, and improved 

patient recovery times. This discussion synthesizes findings from multiple studies and clinical cases. 

5.1. Precision and Control 

Robotic systems offer surgeons enhanced dexterity and control, which are essential for excising 

urachal tumors in the anatomically confined abdominal and pelvic regions. This precision minimizes 

damage to surrounding tissues, allowing for accurate resection with negative surgical margins and 

favorable perioperative and postoperative outcomes. The advanced visualization capabilities of 

robotic systems, including 3D imaging and magnification, facilitate meticulous dissection and the 

preservation of vital structures [62]. 

5.2. Blood Loss 

A notable advantage of robot-assisted urachal surgery is its low intraoperative blood loss. 

Several studies have highlighted this benefit across various procedures. For example, Raynor et al. 

reported an average blood loss of <200 mL during robot-assisted surgeries for urachal anomalies [30], 

while Rivera et al. reported values of <225 mL [31]. Kim et al. observed comparable losses, ranging 

from 130–260 mL [27]. This clinically insignificant blood loss is primarily attributed to the enhanced 

precision and control provided by robotic systems, which improve hemostasis. 

5.3. Hospitalization Periods 

Robot-assisted surgery is associated with shorter hospitalization periods. Studies have 

consistently shown that patients undergoing robot-assisted procedures experience minimal hospital 

and postoperative stays. Fode et al. reported a mean hospital stay of 1–2 days for patients undergoing 

robotic resection of urachal remnants [33]. Similarly, Spiess et al. documented a 4-day hospitalization 

following robot-assisted partial cystectomy for urachal adenocarcinoma [39]. These shorter hospital 
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stays are attributed to the minimally invasive nature of robotic surgery, which reduces tissue trauma, 

decreases postoperative pain, and accelerates recovery. 

5.4. Complication Rates 

The overall complication rates for robot-assisted urachal surgeries observed across the studies 

were minimal. Ahmed et al., in their case series, reported very few significant complications, with 

the primary issue being a bladder leak that required surgical repair [34]. Some studies suggest that 

robot-assisted surgery may be associated with lower complication rates compared to traditional open 

surgery, although outcomes can vary depending on the procedure type and patient-specific factors. 

Yong et al. reported no perioperative complications, including urinary leaks or bowel injuries, in their 

series of robot-assisted partial cystectomies [19]. Similarly, Rahmani et al. documented the successful 

treatment of an infected urachal cyst in a teenage patient with no significant postoperative 

complications, highlighting the safety and efficacy of the robotic approach in pediatric patients [16]. 

5.5. Clinical and Oncological Outcomes 

Patients who undergo RAUEPC typically experience positive clinical outcomes. These 

procedures result in shorter recovery times, reduced postoperative discomfort, and fewer surgical 

site infections, all of which contribute to higher patient satisfaction and lower healthcare costs due to 

the quicker resumption of daily activities [34,39]. Evaluating long-term oncological outcomes is 

essential to determine the efficacy of robot-assisted surgery for urachal tumors. Recent studies have 

confirmed the viability of the robotic approach in both benign and malignant cases. Advanced 

imaging techniques, such as intraoperative real-time imaging and augmented reality, have 

significantly improved the ability to achieve clear surgical margins. This is crucial in oncological 

surgeries, where complete removal of malignant tissue is necessary to minimize recurrence rates. 

Jiang et al. demonstrated that these techniques effectively achieved negative margins, reducing the 

likelihood of tumor recurrence [10]. Recurrence rates remain low, and overall survival rates are 

comparable to or even better than those of traditional surgical methods, particularly in younger 

patients and those with early-stage tumors [40]. 

5.6. Efficacy and Safety 

Although the short-term results are promising, long-term investigations are crucial to fully 

assess the efficacy and safety of robot-assisted surgeries for urachal tumors. Ongoing patient 

surveillance is necessary to evaluate the durability of surgical outcomes, recurrence rates, and 

potential delayed complications. Spiess et al. emphasized the importance of extended follow-up 

periods to collect critical data on the long-term success of these procedures [39]. Comprehensive long-

term follow-up is essential to understand the true impact of robot-assisted surgery on patient survival 

and quality of life. Notably, the recurrence rate of adenocarcinoma remains low after robot-assisted 

surgery, according to various studies. 

5.7. Recovery and Quality of Life 

Patients undergoing robot-assisted surgeries for urachal tumors generally experience quicker 

recovery and improved quality of life. Key advantages include reduced postoperative pain and a 

faster return to daily activities. Thiesfeldt et al. reported notable improvements in lower urinary tract 

symptoms in a young male patient following robotic excision of a urachal cyst, highlighting the 

benefits of this minimally invasive approach [60]. Additionally, the ability of robotic surgery to 

minimize visible scarring and maintain cosmetic outcomes is an important consideration for many 

patients. 
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5.8. Limitations of the Study 

This study has several limitations that should be considered when interpreting the findings. A 

primary limitation is the reliance on case reports and small case series, which restricts the 

generalizability of the results and limits the potential for conducting a meta-analysis. This issue is 

compounded by the inclusion of non-standardized case definitions and varied reporting practices 

across studies. Another significant drawback is the absence of comparative data with traditional 

surgical approaches, such as laparoscopic or open surgery. This omission hinders a thorough 

evaluation of the relative benefits and risks of robot-assisted urachal surgery and precludes definitive 

conclusions about its superiority or equivalence in terms of outcomes. The study population 

introduces additional challenges due to its heterogeneity. The inclusion of both pediatric and adult 

populations results in variability in clinical presentation, surgical techniques, and outcomes. 

Moreover, combining data from benign conditions, such as urachal cysts, and malignant tumors, such 

as urachal adenocarcinoma, complicates the standardization of findings, as these conditions differ 

significantly in prognosis, treatment, and follow-up requirements. Reporting and methodological 

heterogeneity further exacerbate these issues. The studies included in this review report different 

metrics for the same outcomes, such as varying definitions of complications and follow-up durations, 

and the lack of uniform surgical, perioperative, and follow-up protocols limits comparability and 

introduces potential bias. Another critical limitation is the insufficient reporting of long-term 

outcomes. While short-term results are promising, long-term outcomes, including recurrence rates 

and overall survival, remain poorly documented. This gap prevents a comprehensive understanding 

of the procedure’s durability and oncological efficacy. Additionally, the small sample size in our 

single-center experience, involving only three cases, provides valuable insights but reflects a limited 

scope, introducing potential selection bias and affecting the robustness of the findings. The likelihood 

of publication bias is another concern, with studies reporting favorable outcomes more likely to be 

published. This skew in the evidence base limits the objectivity of conclusions. Economic 

considerations are notably absent from this study. The high costs associated with robotic surgery, 

including the acquisition and maintenance of robotic systems and the cost-effectiveness of 

procedures, have not been evaluated. These factors are critical for assessing the broader applicability 

of robot-assisted surgery. Additionally, patient-reported outcomes, such as satisfaction, quality of 

life, and cosmetic results, are underreported, limiting a holistic evaluation of the intervention’s 

impact. The statistical power of the study is constrained by the small number of cases, both in the 

literature and institutional data, reducing the ability to detect significant differences or trends and 

risking overinterpretation of findings. Surgeon expertise and the learning curve associated with 

robotic techniques also represent unaddressed variables. Variability in surgical proficiency could 

significantly impact outcomes, complicating comparisons across studies. Ethical and cultural variability 

among studies conducted in different regions adds another layer of complexity, as differing standards 

and expectations influence patient selection and treatment approaches. The absence of external 

validation through multicenter studies further limits the reliability and reproducibility of the findings. 

5.9. Future Research Directions 

RAUEPC offer numerous clinical benefits; however, challenges and opportunities remain for 

further advancement. A primary focus is the development of proficiency-based progression (PBP) 

training frameworks for surgeons undertaking these procedures, ensuring that they acquire and 

maintain the high level of skill necessary for optimal outcomes [63]. There is significant potential for 

creating structured, standardized curricula and dedicated mentorship programs specifically tailored 

to robotic urology [64–67]. The European Association of Urology emphasizes the need for 

standardized training to ensure that surgeons are equipped with the latest technological and 

procedural advancements [68]. Incorporating advanced simulation training, such as virtual reality 

(VR) environments and frequent skill assessments, into these programs would help maintain the 

highest standards of care, preparing surgeons to adapt effectively to ongoing technological 

innovations [69]. 
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Technological limitations also present a significant avenue for research and development (R&D). 

While some advanced systems offer haptic force feedback, most robotic platforms lack this feature, 

limiting sensory experience. However, evidence suggests that haptic feedback significantly improves 

surgical outcomes by reducing force application, shortening completion time, and enhancing 

accuracy and success rates [70]. Collaborative efforts between clinicians and engineers are essential 

to enhance haptic feedback technologies across a broader range of systems, improving procedural 

precision and outcomes. Concurrently, efforts to reduce the costs associated with robotic systems 

would increase accessibility, particularly in resource-limited settings [71,72]. The continued 

development of simulation technology is equally important, as it provides a practical and safe 

platform for surgeons to refine their skills and adapt to new systems, addressing both training and 

technological gaps in a controlled environment [73]. 

To address these limitations, future research should prioritize studies that incorporate direct 

comparisons with laparoscopic and open surgical techniques. Stratifying populations by age 

(pediatric vs. adult) and pathology (benign vs. malignant) would improve the clarity of findings. 

Standardized reporting frameworks, such as the CONSORT and STROBE guidelines, should be 

utilized for consistent data collection and analysis. 

Patient selection criteria also require further investigation to identify which patients would 

benefit most from robot-assisted versus traditional surgical approaches [74,75]. Clinical factors, such 

as tumor size, location, and patient health status, play a crucial role in determining the suitability of 

robotic surgery. Developing a more nuanced understanding of these criteria through targeted 

research could provide clearer guidelines, ultimately assisting clinicians in making more precise 

evidence-based recommendations and potentially reducing the risk of complications. 

Assessment of long-term outcomes remains a critical area for future research. While short-term 

results are promising, extended follow-up studies are necessary to confirm the durability of the 

outcomes achieved through robotic surgery and to facilitate direct comparisons with traditional 

methods. To address these gaps, future research should prioritize prospective multicenter studies with 

larger sample sizes to provide robust data. Additionally, the inclusion of long-term follow-up data is 

essential for evaluating durability of oncological and functional outcomes, recurrence rates and 

survival. Cost-effectiveness analyses should be conducted to determine the economic viability of 

robotic procedures, while patient-reported outcomes should be included to assess satisfaction and 

quality of life. 

Preliminary findings suggest that well-trained surgeons can achieve comparable or superior 

results with robotic techniques, underscoring the need for rigorous, long-term evaluations to 

substantiate these observations [76]. 

Finally, economic viability is an important consideration for the broader adoption of robotic 

surgery. While early studies suggest that robotic surgery may be more cost-effective than traditional 

methods, comprehensive analyses across diverse healthcare settings are required to confirm these 

findings [77]. Implementing cost-effective simulation training to improve surgical skills could reduce 

the costs associated with surgical errors, further supporting the economic feasibility of robotic 

procedures [78]. 

Multicenter, prospective trials with larger sample sizes and diverse populations are necessary 

to validate these findings. By addressing these issues, future research can provide more robust 

evidence to comprehensively assess the efficacy, safety, and cost-effectiveness of robot-assisted 

urachal procedures. 

Exploring the potential of artificial intelligence and machine learning could significantly 

enhance surgical precision and patient outcomes [79–81]. AI-driven advancements, particularly in 

preoperative planning and real-time intraoperative decision-making, could further optimize 

procedural efficiency, support surgeons in achieving superior clinical outcomes, and improve overall 

quality of care. 
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6. Conclusions 

This systematic review, combined with institutional experience, suggests that RAUEPC may be 

a feasible and safe approach for managing both benign and malignant urachal pathologies. The 

available data indicate promising short-term outcomes, including low intraoperative blood loss, a 

short mean hospital stay, acceptable complication rates, and no reported conversions to open surgery. 

The procedure appears to be effective in achieving complete resection with negative surgical margins, 

which is critical for reducing the risk of recurrence, particularly in malignant cases. 

Short-term clinical outcomes, such as the consistent achievement of negative surgical margins, 

low complication rates, and favorable histopathological findings, suggest the potential efficacy of 

RAUEPC. Additionally, umbilical removal and lymphadenectomy were not universally performed, 

reflecting variability in clinical indications and patient presentations. However, these aspects require 

further evaluation in larger studies. 

Long-term follow-up data remain limited, but the recurrence rates observed in both the 

literature and institutional cases seem low, supporting the potential oncological efficacy of this 

approach. The absence of metastatic cases in our series and the limited need for adjuvant therapy 

suggest the effectiveness of RAUEPC in appropriately selected cases. However, longer follow-up 

periods are essential to validate these observations. 

Factors influencing outcomes, such as patient selection criteria, diagnostic accuracy, and surgical 

success predictors, were identified as key areas for optimization. Standardized protocols and 

evidence-based guidelines are necessary to enhance the consistency and reliability of outcomes. 

These findings emphasize that while RAUEPC appears promising, larger prospective studies 

are needed to validate these results and fully assess its long-term safety, efficacy, and cost-

effectiveness in managing urachal pathologies. 
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