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Introduction

Radical cystectomy with extended pelvic lymphadenectomy is 
the standard of care treatment for muscle-invasive and high-grade 
non-muscle-invasive bladder cancer at high risk for progression 
[1]. With advancing technology, robot-assisted radical cystectomy 
(RARC) has emerged as an increasingly utilized approach, offering 
the surgical and postoperative advantages of minimally invasive 
surgery while maintaining comparable oncologic efficacy to the 
open surgery [2-5]. In the context of RARC, extracorporeal urinary 
diversion (ECUD) has been the mainstay method for urinary 
diversion as a completely intracorporeal procedure involves a 
steeper learning curve [6]. Nonetheless, improvements in robotic 
technology and surgeon experience have led to exploration of 
an intracorporeal urinary diversion (ICUD), offering potential 
benefits as an entirely minimally invasive approach relative to 
ECUD [7,8]. Previous studies have compared outcomes in robotic 
ICUD versus ECUD, though they have primarily focused on acute 
perioperative measures. Available literature has suggested both 
benefits and drawbacks to ICUD including shorter operative time  

 
and less blood loss, yet higher complications rates; however, 
results have been inconsistent [9-13]. There remains a paucity of 
literature evaluating pain-related measures such as pain scores 
and narcotic use, which are significant potential advantages to 
completely minimally invasive surgery and, given the current 
opioid crisis, beg to be explored.

In recent years, there has been a concerted effort among 
surgeons to combat the opioid epidemic [14] Oxycodone and 
hydrocodone represent over 80% of opioid prescriptions written 
after surgery and are also among the most common culprits in 
opioid-related overdoses which have nearly tripled in frequency 
since 1999 [15,16]. Studies have shown that even opioid-naïve 
patients are at risk for persistent postoperative opioid use 
[17,18]. In response to the current crisis, surgeons across fields 
have adopted various tools and techniques to minimize narcotic 
consumption, combatting the opioid epidemic within their own 
realm of influence [19-21]. As ICUD is less invasive than ECUD, 
we hypothesized that ICUD in the setting of a dedicated Enhanced 
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Recovery After Surgery (ERAS) protocol driving post-operative 
pain management would reduce postoperative pain and narcotic 
consumption, offering urologists another valuable tool to combat 
this epidemic and contribute to improvement on a broader scale.

Understanding the challenges and advantages of performing 
a robot assisted ICUD will inform whether its learning curve 
is worthwhile. Given the lack of literature around pain and 
narcotic use comparing ICUD versus ECUD, we sought to assess 
perioperative outcomes in ICUD and ECUD, comparing surgical, 
functional, and pain-related measures. 

Materials and Methods

Patients 

We retrospectively analyzed our prospectively maintained, 
Institutional Review Board approved, database of patients 
undergoing RARC between January 2017 and October 2020. 
The data were obtained from our automated perspective data 
collection that is supplemented with manual data entry and 
housed in Redcap. We included all adult patients (age > 18 years) 
who underwent RARC with ileal conduit diversion. We excluded 
patients who underwent cystectomy for benign disease and 
patients who underwent concurrent nephrectomy.  

Technique 

Surgery was performed by two experienced, fellowship-trained 
urologic oncology surgeons (SR and KG) who currently diverge in 
their approach to ileal conduit urinary diversion (ICUD vs ECUD).  
Our surgical technique for RARC utilizes 6 ports (4 robotic and 2 
assistant) and is performed in a similar fashion between surgeons. 
The suprapubic ports measured 15 mm in length. The cephalad 
extent of the lymph node dissection is the aortic bifurcation. 
ICUD and ECUD use a running technique for the ureteroenteric 
anastomosis. Following the removal of the bladder and lymph 
nodes for RARC ECUD patients, the robot was undocked, and the 
specimen was retrieved through extension of the camera port via 
a 5–7 cm peri or sub-umbilical midline incision. Urinary diversion 
with an ileal conduit was then performed extracorporeally. The 
ureteroenteric anastomosis was performed with 5-0 dissolvable 
monofilament suture in a combined interrupted and running 
fashion. In the case of ICUD, all procedures, including isolation 
of the ileal segment and uretero-enteric anastomosis, were 
performed intracorporeally. The specimen for intracorporeal 
diversion is removed through extension of the suprapubic port 
that is used for the stapled bowel anastomosis in male patients 
and through the vagina in female patients. 

In April 2018, we instituted intraoperative transversus 
abdominis plane (TAP) blocks using liposomal bupivacaine, 
0.25% bupivacaine and normal saline. TAP blocks were performed 
by each surgeon using the same technique. Recognizing TAP 
block as a potential covariate, we adjusted for this difference in 
our analyses as described below. Additionally, since January 1st 

2017, all patients undergoing cystectomy at our center were 
enrolled in an ERAS program, which standardizes many facets 
of patient care, including analgesic administration from pre-
operative preparation through to post-operative follow up after 
discharge. The postoperative analgesic regimen consists of 
scheduled acetaminophen with oxycodone and hydromorphone 
administered on an as-needed basis. Due to the protocolized 
nature of the ERAS program, the provision of as needed narcotics 
in the postoperative period is largely nurse-directed, with little to 
no influence from individual surgeons.  

Statistical Analysis

Patient baseline characteristics including demographics, ASA 
score, Charlson Comorbidity Index (CCI), body mass index (BMI), 
tumor clinical stage, history of pelvic radiation, and neoadjuvant 
chemotherapy were compared between ICUD and ECUD 
cohorts via descriptive statistics. Corresponding p-values were 
determined using Fisher’s exact test for categorical variables, 
and two-sample t-tests or non-parametric Mann-Whitney U tests 
were used for continuous variables. All patients were censored at 
time of death or last follow-up to calculate overall survival. The 
Kaplan-Meier method was utilized to estimate the probabilities 
of overall survival, and the differences between ICUD and ECUD 
were assessed via a log-rank test. Cox regression model was 
used to analyze risk factors for overall survival. Possible risk 
factors included surgery approach (ICUD vs ECUD), patient 
demographics, neoadjuvant chemo, pathologic stage, and TAP 
block.  Postoperative complications included those occurring 
within 30 days of surgery. Univariate and multivariate logistic 
regression models were performed to evaluate 30-day readmission 
(adjusted for TAP block) and postoperative complications as 
a function of surgery approach (ICUD vs ECUD) and patient 
baseline characteristics. Other categorical outcomes such as 
blood transfusion, ureteral anastomotic stricture, and hernia were 
analyzed using the same method. A verbal numeric rating scale 
(NRS) 0-10, which is administered by nurses at regular intervals 
throughout a patient’s stay, was used to measure pain scores 
for each patient on postoperative day (POD) 1-3. Average pain 
score was summarized for each patient and a linear regression 
model was performed to analyze average pain score adjusted for 
TAP block. The same method was used to determine risk factors 
associated with continuous outcomes such as length of stay, 
operative time, EBL, and lymph nodes removed. Daily narcotic 
dosing was summed across dosing routes to calculate a morphine 
milligram equivalent dosing (MME). Total narcotic use was log-
transformed (log[x+1]) to help reduce data variability and meet 
the normality model assumption. Risk factors associated with 
narcotic use were investigated using a linear regression model. 
All regression analyses were performed via a stepwise model 
selection procedure, where all covariates were first included in 
the univariate analysis, and covariates with P-value < 0.1 were 
entered in the multivariate model and only covariates with 
P-value < 0.05 were retained in the final model. All statistical tests 
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were two sided, and a P-value < 0.05 was considered to indicate 
statistical significance. 

Results

Analysis included 177 bladder cancer patients following 
application of inclusion/exclusion criteria. Of the 177 patients, 107 

(60.4%) patients underwent ECUD and 70 (39.6%) underwent 
ICUD. Patient baseline characteristics were similar with regards 
to gender, age, race, body mass index (BMI), American Society 
of Anesthesiologists (ASA) score, history of pelvic radiation or 
neoadjuvant chemotherapy, pre-operative clinical stage and 
Charleston co-morbidity index (CCI) (Table 1, P>.05). 

Table 1: Patient Baseline Characteristics.

Characteristic All (n=177) ICUD (n=70) ECUD (n=107) P-value

Gender, n (%)  

 Female 42 (23.7) 20 (28.6) 22 (20.6) 0.278 

 Male 135 (76.3) 50 (71.4) 85 (79.4)

Race, n (%)  

 Caucasian 157 (88.7) 63 (90.0) 94 (87.9) 0.809 

 Non-Caucasian 20 (11.3) 7 (10.0) 13 (12.1)

ASA, n (%)  

 2 19 (10.7) 7 (10.0) 12 (11.2) 0.676 

 3 150 (84.7) 61 (87.1) 89 (83.2)

 4 8 (4.5) 2 (2.9) 6 (5.6)

Neoadjuvant chemo, n (%) 91 (51.4) 36 (51.4) 55 (51.4) >0.999

Clinical stage, n (%)  

 T1 43 (24.3) 17 (24.3) 26 (24.3) 0.901 

 T2 100 (56.5) 38 (54.3) 62 (57.9)

 T3 3 (1.7) 1 (1.4) 2 (1.9)

 T4 3 (1.7) 2 (2.9) 1 (0.9)

 Ta 20 (11.3) 8 (11.4) 12 (11.2)

 Tis 7 (4.0) 3 (4.3) 4 (3.7)

 Tx 1 (0.6) 1 (1.4) 0 (0.0)

Pelvic radiation, n (%) 15 (8.5) 8 (11.4) 7 (6.5) 0.479

Age, yr  

 Median (range) 72 (29-85) 73 (39-85) 72 (29-84) 0.393

CCI  

 Median (range) 4 (0-10) 4 (0-7) 4 (0-10) 0.297

BMI, kg/m2  

 Median (range) 27.9 (12.6-47.2) 27.6 (12.6-38.6) 28.4 (16.9-47.2) 0.494

P-values were determined using Fisher’s exact test for categorical variables and two-sample t-test or non-parametric Mann-Whitney U test for 
continuous variables

There were no differences between ICUD and ECUD in 
operative times (beta=-19.1, 95%CI [-41.96, 3.71], P=.10), 
estimated blood loss (beta=-2.23, 95%CI [-85.14, 80.69], P=.958), 
blood transfusion rate (OR=0.59, 95%CI [0.23, 1.5], P=.267), and 

lymph node yield (beta=1.95, 95%CI [-1.04, 4.9], P<.195) (Table 
2). Additionally, 30-day readmissions (OR=0.55, 95%CI [0.29, 
1.07] P=.080) and LOS (beta=-.33, 95%CI [-1.79, 1.12], P=.652) 
were not significantly different across ICUD and ECUD cohorts. 
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Table 2: Descriptive Statistics of Postoperative Outcomes.

Outcome All (n=177) ICUD (n=70) ECUD (n=107)

Readmission, n (%) 62 (35.0) 19 (27.1) 43 (40.2)

Post-op complication, n (%)  

 Any 65 (36.7) 29 (41.4) 36 (33.6)

 High grade (> 3) 16 (9.0) 6 (8.6) 10 (9.3)

 GI 27 (15.3) 12 (17.1) 15 (14.0)

Blood transfusion, n (%) 24 (13.6) 7 (10.0) 17 (15.9)

LOS, d

 Median (range) 5 (3-45) 5 (3-23) 5 (4-45)

EBL, ml   

 Median (range) 250 (0-2100) 250 (0-2100) 200 (20-1300)

Lymph nodes removed  

 Median (range) 21 (0-58) 23 (0-50) 20 (2-58)

Operative time, min   

 Median (range) 447 (273-860) 437 (326-590) 455 (273-860)

Narcotics usage, IV MME    

 Total narcotics   

  Median (range) 15 (0-289.5) 10.4 (0-156.7) 19.2 (0-289.5)

 POD1    

  Median (range) 5 (0-116.5) 3.3 (0-75) 7.5 (0-116.5)

 POD2    

  Median (range) 4.2 (0-118) 1.5 (0-66.7) 5 (0-118)

 POD3    

  Median (range) 2.5 (0-55) 2.5 (0-30) 4.2 (0-55)

Average pain score    

 POD1    

  Median (range) 3.7 (0-10) 3 (0-8.2) 4 (0-10)

 POD2    

  Median (range) 4 (0-10) 3 (0-8.3) 4.5 (0-10)

 POD3    

  Median (range) 3.5 (0-9) 2.5 (0-9) 4 (0-9)

Median follow-up time, mos 17.1 20.9 14.5

In the multivariate Cox model, no significant difference 
in OS was found between ICUD and ECUD cohorts (HR=0.52, 
95%CI [0.24, 1.13], P=.485). Pathologic stage (stage 0 vs III-IV: 
HR=0.19, 95%CI [0.08, 0.47], P<.001, Stage I-II vs III-IV: HR=0.29, 

95%CI [0.12, .7], P=.006), gender (HR=2.45, 95%CI [1.03, 11.53], 
P=.044), and pelvic radiation (HR=3.25, [1.3, 8.13], P=.012) were 
significantly associated with OS (Table 3).
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Table 3: Cox Regression Model for Survival Analysis

OS

 Univariable Analysis Multivariable Analysis

Variable HR 95% CI P-value HR 95% CI P-value

Cohort       

 ICUD vs ECUD 0.77 [0.37, 1.61] 0.485 0.52 [0.24, 1.13] 0.100

Age 1.01 [0.97, 1.05] 0.728    

Gender       

Male vs Female 3.35 [1.02, 11.01] 0.047 2.45 [1.03, 11.53] 0.044

BMI 0.96 [0.89, 1.02] 0.201    

CCI 1.15 [0.95, 1.39] 0.142    

ASA       

 3 vs 2 1.6 [0.38, 6.73] 0.524    

 4 vs 2 1.26 [0.11, 13.88] 0.852    

Neoadjuvant chemo       

 Yes vs No 1.62 [0.78, 3.39] 0.198    

Pelvic radiation       

 Yes vs No 3.4 [1.39, 8.3] 0.007 3.25 [1.3, 8.13] 0.012

Pathologic stage       

 Stage 0 vs Stage III-IV 0.2 [0.08, 0.48] <0.001 0.19 [0.08, 0.47] <0.001

 Stage I-II vs Stage III-IV 0.33 [0.14, 0.81] 0.015 0.29 [0.12, 0.7] 0.006

TAP block       

 Yes vs No 1.46 [0.7, 3.05] 0.319

      On log-transformed multivariate linear regression modeling 
of total narcotic use (POD1-3), patients who underwent ICUD 
had significantly lower total narcotic usage even after adjusting 
for TAP block (Table 4). Compared to ECUD, ICUD patients were 
estimated to consume 52.3% less opioids (beta=-0.74, 95%CI 

[-1.41, -0.07], P=.031). Pain scores were significantly lower 
among patients who received ICUD on POD2 (beta=-1.10, 95%CI 
[-1.95, -0.25], P=.012); however, pain scores were not significantly 
different across cohorts on POD1 (beta=-0.71, 95%CI [-1.56, 0.13], 
P=.098) or POD3 (beta=-0.39, 95%CI [-1.28, 0.5], P=.386). 

Table 4: Modelling Opioid Usage.

Log-transformed total narcotics (adjusted for TAP block)

 Univariable Analysis Multivariable Analysis

Variable β 95% CI P-value β 95% CI P-value

Cohort       

 ICUD vs ECUD -0.74 [-1.41, -0.07] 0.031 -0.68 [-1.35, -0.01] 0.046

Age -0.04 [-0.07, -0.0001] 0.050 -0.03 [-0.07, 0.003] 0.076

Gender       

 Male vs Female -0.47 [-1.23, 0.31] 0.232    

BMI 0.03 [-0.03, 0.09] 0.361    

CCI -0.03 [-0.21, 0.15] 0.739    

ASA       

 3 vs 2 -0.67 [-1.73, 0.38] 0.209    

 4 vs 2 0.003 [-1.83, 1.84] 0.997    

Neoadjuvant chemo       

 Yes vs No -0.39 [-1.04, 0.27] 0.245    
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Pelvic radiation       

 Yes vs No 0.59 [-0.58, 1.76] 0.324    

Pathologic stage       

 Stage 0 vs Stage III-IV 0.43 [-0.38, 1.24] 0.300    

 Stage I-II vs Stage III-IV 0.32 [-0.55, 1.19] 0.471

There was no difference between ICUD and ECUD with 
regards to rate of any postoperative complications at 30 days 
(OR=1.40, 95%CI [0.75, 2.6], P=.294). Furthermore, no significant 
difference was found between either technique with regards 
to high grade (OR=0.91, 95%CI [0.32, 2.63], P=.861) or GI 
complications (OR=1.27, 95%CI [0.56, 2.9], P=.573). However, 
BMI was significantly correlated with high grade complications 
(OR=1.11, 95%CI [1.01, 1.22], P=.039).

Discussion

In this study, we assessed perioperative and pain-related 
outcomes between ECUD and ICUD following RARC for bladder 
cancer. Our study is the first to our knowledge to explore narcotic 
consumption and pain scores as outcomes related to the use of 
ICUD. Our results demonstrate that despite similar pain scores 
between the cohorts, patients who underwent ICUD experienced 
a nearly 50% reduction in post-operative narcotic consumption 
compared to patients who underwent ECUD.

Though narcotic consumption has not yet been compared 
between ICUD and ECUD following RARC, previous studies have 
highlighted the advantage of minimally invasive surgeries in 
reducing postoperative narcotic usage [22-25]. Our data indicate 
no significant difference between ICUD and ECUD pain scores on 
POD1 and POD3. We postulate this could be due to the diminished 
effect of the TAP block by POD2 leading to the observed difference 
in pain scores on this day, followed by compensatory narcotic 
usage among ECUD patients resulting in a re-alignment of pain 
scores between the cohorts by POD3. Self-rating pain scales 
including NRS used at our institution are limited by subjectivity 
in measuring pain, as studies have shown factors such as mood 
can influence these pain scores [26-28]. Thus, it is possible that 
narcotic consumption is a more objective indicator of pain relative 
to the NRS. The observed differences in narcotic usage therefore 
may be attributable to the minimally invasive approach of ICUD. 
Additionally, it is important to note that all patients included in 
this study were enrolled in our ERAS program, of which a basic 
tenet is reducing narcotic consumption. This goal is in part 
achieved by standardizing a significant amount of post-operative 
care, with the effect that opioid administration is largely driven 
outside of individual surgeon influence.

Our data suggest that complication rates, operative times, 
30-day readmission, LOS, and estimated blood loss were not 
significantly different across cohorts. Previous studies have 
provided conflicting results regarding these outcomes in patients 

undergoing ICUD versus ECUD [9-13]. A 2013 study found no 
difference in operative times and EBL between groups, while a 
more recent study demonstrated shorter operative time and less 
blood loss in ICUD compared to ECUD patients [9,10]. Nonetheless, 
our data are in concordance with the general finding that ICUD is 
at least non-inferior to ECUD in terms of operative time and EBL.

In our study, complication rates were not significantly 
different across cohorts, which we surmise could be due to the 
high level of experience among the surgeons. Supporting this 
possibility, one study demonstrated shorter operative time and 
reduced complications associated with increased experience, 
mentoring, and team-approaches to robotic surgery [29]. 
Similarly, another study found that while ECUD complication rates 
remained relatively stable, ICUD complications decreased over 
time, attributing the trend to increased surgeon experience with 
the technique [9].

Despite a steep learning curve, ICUD is becoming increasingly 
utilized given the possible benefits associated with a completely 
minimally invasive approach [9]. Our findings of reduced narcotic 
consumption and lower readmission rates further support 
investment in ICUD. Our study is limited by modest sample size 
and single institution data. Additionally, readmissions rates and 
complications were only assessed out to 30 days postoperatively, 
which excludes adverse events that might occur longer after 
surgery. Finally, selection bias may limit this study as receipt 
of ICUD versus ECUD was not randomized. While all ICUDs and 
ECUDs were performed by separate surgeons, overall operative 
characteristics and postoperative complications rates were 
similar. Additionally, as noted above, postoperative pain control 
is managed primarily by departmental ERAS nurses via a 
protocolized order set. Therefore, it is likely the results stem from 
procedural rather than surgeon differences. 

Nonetheless, we demonstrate valuable advantages to the 
adoption of ICUD following RARC including decreased narcotic 
consumption and lower risk for readmission. Future studies 
are needed to further evaluate these perioperative outcomes 
and in addition to the effect of increased surgeon experience on 
perioperative outcomes.  

Conclusion

Our study suggests that robotic cystectomy with intracorporeal 
ileal conduit reduces post-operative narcotic use as compared 
to extracorporeal diversion. Further validation across multiple 
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institutions will be required to elucidate the full advantage and/
or disadvantage to this minimally invasive approach.
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