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Abstract

Objective: To assess the reliability of peer-review of TURBT videos as a means to evaluate 

surgeon skill and its relationship to detrusor sampling.

Methods: Urologists from an academic health system submitted TURBT videos in 2019. Ten 

blinded peers evaluated each surgeon's performance using a 10-item scoring instrument to quantify 

surgeon skill. Normalized composite skill scores for each surgeon were calculated using peer 

ratings. For surgeons submitting videos, we retrospectively reviewed all TURBT pathology results 

(2018-2019) to assess surgeon-specific detrusor sampling. A hierarchical logistic regression model 

was fit to evaluate the association between skill and detrusor sampling, adjusting for patient and 

surgeon factors.

Results: Surgeon skill scores and detrusor sampling rates were determined for 13 surgeons 

performing 245 TURBTs. Skill scores varied from −6.0 to 5.1 [mean: 0; standard deviation 
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(SD): 2.40]. Muscle was sampled in 72% of cases, varying considerably across surgeons (mean: 

64.5%; SD: 30.7%). Among 8 surgeons performing >5 TURBTs during the study period, adjusted 

detrusor sampling rate was associated with sending separate deep specimens (odds ratio [OR]: 

1.97; 95% confidence interval [CI]: 1.02-3.81, P = .045) but not skill (OR: 0.81; 95% CI: 

0.57-1.17, P = .191).

Conclusion: Surgeon skill was not associated with detrusor sampling, suggesting there may be 

other drivers of variability of detrusor sampling in TURBT.

Transurethral resection of a bladder tumor (TURBT) is the diagnostic and therapeutic 

backbone for managing non-muscle invasive bladder cancer (NMIBC). Despite being an 

ubiquitous urologic procedure grounded in widely taught principles,1,2 substantial variability 

exists across surgeons in achieving critical endpoints, such as detrusor muscle sampling and 

complete tumor resection.3 For instance, rates of detrusor sampling vary from 36% to 90% 

in published series.4-9 The absence of muscle in specimen has oncologic ramifications: 

failure to sample muscle is associated with residual tumor, recurrence, and inaccurate 

staging.10-12

Despite clear recognition of surgeon-level variation in outcomes, less is known about 

why such broad variation is observed. Previous work, for other surgical procedures, has 

demonstrated that skill can be reliably quantified through peer-review of surgical videos 

and is associated with differences in outcomes.13-15 Surgeon skill is thought to influence 

TURBT resection quality,3 but variation in TURBT skill has never been objectively 

evaluated nor has its link with clinical outcomes, including detrusor sampling, a marker 

of resection quality that may be verified pathologically.

In this context, we investigate whether peer-review of TURBT videos can be used to 

quantify TURBT surgeon skill and whether skill is associated with observed differences 

in detrusor sampling across surgeons. To achieve this, we asked surgeons from a large 

academic health system to submit a video of a TURBT they performed for peer-review. 

Peer surgeons reviewed submitted videos in a blinded process, rating performance to derive 

a composite skill score for each surgeon. Next, we used retrospective data to assess the 

relationship between skill scores and detrusor sampling. We hypothesized that peer raters 

would be able to determine variation in skill and that higher skill ratings would be associated 

with increased rates of detrusor sampling.

MATERIALS AND METHODS

Study Environment

The study was conducted in an academic health system comprised of 10 hospitals with 37 

urologists who performed TURBTs in a health system hospital during 2019. This study was 

deemed exempt by the Institutional Review Board at our institution.

Surgical Video Peer-Review

We invited all attending urologists practicing within our health system to submit a full-

length, unedited video of a TURBT they personally performed without trainee involvement. 
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Surgeons were asked to submit a video of a resection representative of their technique. 

Participating surgeons recorded a video using recording equipment available on the 

operating room video tower. Submissions were edited to remove only elements where the 

scope was not within the bladder and uploaded to an online, institutional platform created 

for surgical video peer-review. Using this platform, we invited attending urologists within 

our health system, blinded to the operating surgeon, to review submitted videos. Each video 

was anonymously evaluated by 10 reviewers.

Reviewers completed a 2-component online scoring instrument. In the absence of procedure-

specific precedents, a 10-item questionnaire (Supplemental Table 1) was derived in part 

from the Objective Structured Assessment of Technical Skill (OSATS) survey, a validated 

instrument used in video-based assessments in other surgical disciplines.13-18 Using a 5-

point Likert scale, reviewers evaluated the surgeon's (1) respect for tissue, (2) time and 

motion, (3) instrument handling, (4) flow of operation, and (5) overall performance. A score 

of 3 represented the performance expected of an average attending surgeon with higher 

scores representing greater skill. In addition to the OSATS domains assessed, reviewers 

completed a 5-item checklist (answering yes or no), evaluating whether 5 TURBT-specific 

elements were performed including: (1) a full cystoscopic evaluation before resection, (2) 

consistent resection toward the lens, (3) adequate hemostasis for visualization/resection, (4) 

complete tumor resection, and (5) muscle visualization with appropriate depth.

Clinical Data Source

To study the relationship between detrusor sampling and technical skill, a retrospective 

review of all TURBTs performed by participating surgeons between September 2018 and 

September 2019 was completed. Using our institution's electronic medical record-based 

data repository and manual chart review of operative and pathology reports, we created 

a database containing all patient, procedural, and pathologic characteristics for TURBTs 

performed during the measurement period. Pathologic review was completed by the 

surgeon's institutional pathologist. Included cases were classified as either primary TURBT 

or re-TURBT, defined as a case performed within 8 weeks after a primary TURBT at the 

same institution. To mitigate variable reporting of muscle sampling in benign specimens, 

we excluded primary TURBTs with benign pathology (n = 70) and cases with malignant, 

non-urothelial pathology (n = 15). The presence or absence of muscularis propria was 

reported in all reviewed cases of TURBT.

Outcomes and Covariates

The results of peer-review were used to assign each participating surgeon a composite 

technical skill score (elaborated below). Our primary outcome was detrusor sampling, 

defined as the presence of detrusor muscle in pathologic specimen. Several surgeon-specific 

covariates were included in our regression models including: years in attending practice 

at the time of the study, case volume (the number of TURBTs performed during our 

study period), any fellowship training, and formal training in a Society of Urologic 

Oncology-accredited (SUO) fellowship. We accounted for patient age, gender, and Charlson 

comorbidity index. Procedural and pathologic factors included TURBT type (primary 

vs re-TURBT), the collection of a separate deep specimen intraoperatively for analysis 
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(determined by review of the case's pathology report), and difficult tumor location (tumor at 

the dome or anterior bladder wall).

Statistical Analysis

The composite technical skill score was created using items from the scoring instrument. 

For each item, we first assessed inter-rater reliability (IRR) using Krippendorff's alpha for 

binary items and the G(q,k) reliability estimator for ordinal items.19,20 An IRR coefficient 

of 0.8 to 1.0 was considered strong; 0.6 to 0.8 was very good; 0.4 to 0.6 was moderate; 

and 0 to 0.4 was weak. Each item with moderate IRR or better (IRR ≥0.4) was included in 

the composite technical skill score. The composite technical skill score was calculated as 

the normalized average of 6 items with IRR ≥0.4 (resection toward the lens + 5 technical 

performance elements).

Surgeon-specific rates of detrusor sampling were calculated for all TURBTs within our data. 

Univariate analyses of the association between detrusor sampling and each surgeon, patient, 

and procedural characteristic were performed using Kruskal-Wallis tests for continuous 

variables or χ2 testing for categorical variables with expected counts >5. In cases of 

categorical variables with expected counts ≤5, Fisher's exact tests were used.

To evaluate the association between composite technical skill scores and detrusor sampling, 

we fit a 2-level hierarchical logistic regression model with the provider as the random 

intercept, using surgeon and non-surgeon covariates as fixed effects. We restricted this 

analysis to surgeons with >5 TURBTs to increase the stability of surgeon-specific estimates. 

The model included the following covariates: surgeon variables included composite 

technical skill score, surgeon experience, and case volume. Non-surgeon variables included 

patient age, gender, Charlson comorbidity index, TURBT type, sending a separate deep 

specimen intraoperatively, and difficult tumor location. Statistical analyses were performed 

using SAS 9.4 software (Cary, NC). Statistical significance was considered at a 2-tailed P 
value <.05.

RESULTS

Participant Surgeons

Of 37 surgeons performing TURBT at our institution, 13 surgeons submitted videos for 

peer-review. Surgeons submitting a video accounted for 57% of TURBTs within our system 

(330 of 575) between September 2018 and September 2019. After excluding cases with 

benign or non-urothelial histology, these surgeons completed 245 TURBTs in 191 patients. 

Surgeon and non-surgeon characteristics are detailed in Supplemental Table 2. All surgeons 

were men with attending experience ranging from 0 to 31 years (median: 8, inter-quartile 

range [IQR]: 2-17). Six surgeons practiced in academic settings (46%). Seven participants 

(54%) had fellowship training; 3 trained in SUO-accredited fellowships (23%).

Peer-Review and Inter-Rater Reliability

Thirteen videos were submitted for scoring, each reviewed by a different set of 10 raters. A 

total of 130 reviews were completed by 17 raters. The median number of videos reviewed by 
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a given rater was 8 videos (range 1-12). Individualized IRR estimates for each scoring item 

are in Table 1, with IRR ranging from 0.060 to 0.808. In 4 of 5 TURBT-specific objectives, 

IRR estimates were weak (0.060 to 0.332). The item with the strongest IRR was determining 

consistent resection toward the lens (IRR: 0.808). Moderate IRR from 0.407 to 0.667 was 

reached on all 5 technical performance elements.

Surgeon-Specific Skill

We constructed composite technical skill scores using 6 items with IRR ≥0.4 (Table 1). 

The technical score distribution among 13 surgeons ranged between −5.99 and 5.05 (mean: 

0; standard deviation [SD]: 2.40) (Fig. 1). Most surgeons (85%) were clustered within 

approximately 2 points of the mean. Among participants with >5 TURBTs (n = 8), the mean 

score was −0.16 (SD: 3.00) with 75% of surgeons scoring within approximately 2 SDs of the 

mean.

Procedural Characteristics and Detrusor Muscle Sampling

A total of 191 patients underwent 245 TURBTs with participating surgeons during the 

study period. Our patient cohort consisted of elderly patients with multiple comorbidities 

who were predominantly male and White (Supplemental Table 2). Of 245 cases, 27% were 

re-resections. Separate deep specimens were sent during 37% of cases.

Muscle was present in 177 specimens (72%). To assess for heterogeneity in detrusor 

sampling, we calculated provider-specific rates: substantial variability in sampling existed 

across 13 study participants ranging from 0 to 100% (mean: 64.5%; SD: 30.7%). After 

restricting our analysis to providers with >5 TURBTs, detrusor sampling rates ranged from 

50% to 90% among 8 surgeons (mean: 70.4%; SD: 11.3%) (Fig. 2).

Association Between Detrusor Muscle Sampling and Technical Skill

On univariable analysis (Supplemental Table 3), both lower technical skill (P = .006) and 

difficult tumor location (P = .014) were significantly associated with detrusor sampling. 

Surgeon skill was inversely related to detrusor sampling. Other factors evaluated were not 

associated with detrusor sampling, including surgeon experience (P = .853), case volume 

(P = .324), fellowship status (P = .417), female patient gender (P = .116), and sending 

a separate deep specimen (P = .059). After adjusting for patient, procedural, and surgeon 

factors, however, we found that surgeon skill score was no longer associated with detrusor 

sampling (odds ratio [OR]: 0.81; 95% confidence interval [CI]: 0.57-1.17; P = .191) (Table 

2). There was a significant positive association between sending a separate deep sample and 

detrusor sampling (OR: 1.97; 95% CI: 1.02-3.81; P = .045). The model did not demonstrate 

a relationship between the other included factors and detrusor sampling (Table 2).

COMMENT

In this study, we evaluated surgeon skill in TURBT through peer-review of surgical 

videos from 13 urologists and investigated the link between skill and detrusor muscle 

sampling. Using a multi-component scoring instrument, blinded peer-reviewers assessed 

skill and demonstrated modest reliability in differentiating skill amongst participating 
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surgeons, especially for TURBT-specific items. After developing a composite skill score, we 

demonstrated a moderate degree of variation in skill across surgeons. After accounting for 

covariates using regression, we did not detect a relationship between composite skill scores 

and detrusor sampling. A positive relationship between sending a separate deep sample and 

detrusor sampling was demonstrated.

A review process of surgical technique and outcomes provides objective information 

important to understanding and improving variation in skill and outcomes. Prior work 

from bariatric and colorectal surgery has shown that peer-review of surgical videos can 

reliably assess variation in skill and that surgeons with higher skill ratings achieve 

better outcomes.13,14 These works have established a foundation for efforts to inform 

video-based interventions and surgical coaching to improve surgeon skill in an effort to 

improve outcomes.21-24 This study represents the first attempt to quantify TURBT skill. We 

demonstrate modest reliability in assessing skill and show that skill varies across surgeons.

The relationship between surgeon skill and detrusor sampling during TURBT has never been 

objectively assessed. Given knowledge that lack of detrusor sampling has been associated 

differences in residual tumor, recurrence, and inaccurate staging,10-12 a need exists to 

better understand how to reduce this variation. We hypothesized that a relationship between 

surgeon skill and detrusor sampling existed; however, this link was not found in the current 

study. Documenting such a connection would have been an important step in establishing a 

rationale for interventions to improve TURBT skill.

The lack of association between skill and detrusor sampling may have several possible 

explanations. First, our composite skill score was determined primarily using technical 

performance elements from our scoring instrument that measured operative fluidity and 

finesse rather than successful achievement of TURBT endpoints. It is possible these 2 areas 

are not related and that our instrument may lack the specificity to reliably discriminate 

TURBT skills important for explaining outcome variation. Second, we demonstrate poor 

to modest IRR on many items used in our assessment tool. This raises the possibility 

that the definition of a “skillful” TURBT may not be shared between reviewers. It is also 

possible that the definition of a skillful TURBT may not be shared across surgeons due 

to the relatively unstructured nature of the procedure. This lack of a shared definition of 

success may explain some of the known variation in detrusor sampling and other procedural 

outcomes. This speaks to a need to better describe the objective goals of TURBT and to 

clarify the definition of procedural success.

Our work must be interpreted in the context of several limitations. First, our scoring 

instrument identified challenges in reliably discriminating whether various procedure-

specific endpoints were met. This may be unmasking the high degree of subjectivity 

involved in determining what truly defines an optimal TURBT or could indicate a need 

for a better validated scoring instrument for TURBT. Second, our limited sample size of 

both surgeons and procedures may lead to unstable estimates of performance. We sought to 

minimize this possibility by excluding low-volume providers from our analysis, but longer-

term follow-up with larger surgeon-specific cohorts may also lead to more robust results. 

A trainee confounder may be present in the retrospective analysis: while our measurement 
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of skill was determined using peer-review of procedures performed by attending surgeons 

themselves, detrusor sampling rates among academic surgeons may be impacted by trainee 

involvement in procedures within the dataset. Finally, in the context of our goal to measure 

system-wide outcomes, we did not have a sufficient sample with longitudinal follow-up 

data from newer system sites to allow for measurement of more distant outcomes such 

intravesical therapy use, disease-free or progression-free survival. This is another long-term 

goal of this work.

Despite these limitations, there are important implications to this work. This represents 

the first published attempt to objectively quantify TURBT skill using peer-review and 

to evaluate the link between skill and detrusor sampling. The demonstrated variation in 

surgeon skill is an important finding. Quantifying variation in skill may represent a first 

step in identifying reproducible technical performance elements that can be disseminated to 

improve surgeon skill and subsequent outcomes. Despite demonstrating variation in skill, 

we did not demonstrate a clear association between skill and detrusor sampling. As stated, 

we suspect a multi-factorial explanation for this observation. However, the limitations of 

our scoring instrument speaks to a need for shared definitions of success among surgeons 

in our study and more broadly. As a next step, we plan to work on development of a 

validated instrument to evaluate TURBT skill, in order to study skill more effectively and 

develop a reproducible definition of procedural success. With that better established, it 

will allow for more robust study of variation in skill and assessment of the link between 

skill and outcomes, including longer term outcomes such as survival. If we remain unable 

to demonstrate that skill is associated with detrusor sampling or other TURBT outcomes, 

we will have to search for other mechanisms to improve TURBT. However, if the link 

between skill and outcomes can be demonstrated, then improvement initiatives tailored to 

help surgeons improve skill may represent an important strategy to improve the lives of 

patients with bladder cancer. This study is an early step toward better understanding TURBT 

and its relationship with the intermediate outcome of detrusor sampling. It also indicates 

many opportunities remain to improve procedural understanding, quality of this procedure, 

and outcomes for patients with bladder cancer.

CONCLUSION

Peer-review of surgical TURBT videos can discriminate skill with modest reliability. There 

was variation in surgeon-specific skill and considerable variation in detrusor sampling. 

Technical skill, as measured using our instrument, was not associated with detrusor 

sampling.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Surgeon-level variation in TURBT technical skill scores. ID, identifier; TURBT, 

transurethral resection of bladder tumor. Dots are scaled to represent surgeon TURBT 

volume in the cohort (range: 2 to 82 cases).
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Figure 2. 
Surgeon-level detrusor muscle sampling rates in relation to TURBT technical skill scores. 

Detrusor muscle sampling rates and normalized composite skill scores are shown for 

surgeons with > 5 cases. Dots are scaled to represent surgeon TURBT volume in the cohort 

(range: 6 to 82 cases).
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Table 1.

TURBT skill assessment instrument and inter-rater reliability of each domain

Procedure-Specific Checklist † IRR §

Full cystoscopy prior to resection 0.3

Consistent resection toward the lens 0.808 *

Hemostasis adequate for resection/visualization 0.06

Complete tumor resection 0.332

Muscle visualization with appropriate depth 0.152

Technical performance elements ‡ IRR §

Flow of operation 0.667 *

Instrument handling 0.554 *

Respect for tissue 0.613 *

Time and motion 0.406 *

Overall performance 0.614

IRR, inter-rater reliability.

0.8 - 1.0 Strong.

0.6 - 0.8 Very good.

0.4 - 0.6 Moderate.

0 - 0.4 Weak.

*
Item was used to construct a normalized composite skill score.

†
IRR for binary procedure-specific skill items was estimated by Krippendorff's alpha.

‡
IRR for 5-point items was calculated by G statistics.

§
IRR interpretation.

Urology. Author manuscript; available in PMC 2023 November 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Pham et al. Page 13

Table 2.

Hierarchical logistic regression model assessing predictors of detrusor muscle sampling*

Surgeon Factors OR 95% CI P-value

Technical skill score † 0.81 0.57 - 1.17 0.191

Years of practice 1.01 0.91 - 1.12 0.768

TURBT case volume 1.01 0.99 - 1.03 0.312

Patient factors OR 95% CI P-value

Age (10 years) ‡ 1.18 0.90 - 1.56 0.222

Female gender 0.45 0.19 - 1.05 0.06

Charlson comorbidity index § 0.93 0.84 - 1.03 0.174

Procedural/pathologic factors OR 95% CI P-value

Primary TURBT (reference: re-TURBT) 0.71 0.35 - 1.48 0.301

Separate deep specimen sent by surgeon 1.97 1.02 - 3.81 0.045

Tumor present at the dome / anterior bladder 0.3 0.06 - 1.54 0.11

CI, confidence interval; OR, odds ratio; SE, standard error; TURBT, transurethral resection of bladder tumor.

Random intercept: surgeon.

Variance (SE): 0.42 (0.65).

χ2 test statistics (P-value): .89 (.173).

*
Limited to 8 providers who had >5 cases in data (n=228 cases in total after exclusion).

Hierarchical logistic model with a random intercept for provider, using residual pseudo-likelihood estimation method. P-values are for 2-sided, 
Type III F tests with significance level at 0.05.

†
Normalized composite score for surgeon technical skill in performing TURBT.

‡
Odds ratio estimated for an increase of 10 years from mean age.

§
Odds ratio estimated for each increase in 1 point of Charlson comorbidity index.
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