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ABSTRACT

Objective: To determine the effect of surgeon experience on intraoperative, postoperative and
long-term outcomes among patients undergoing pelvic exenteration for gynecologic cancer.
Methods: This was a retrospective analysis of all women who underwent exenteration for

a gynecologic malignancy at MD Anderson Cancer Center, between January 1993 and June
2013. A logistic regression was used to model the relationship between surgeon experience
(measured as the number of exenteration cases performed by the surgeon prior to a given
exenteration) and operative outcomes and postoperative complications. Cox proportional
hazards regression was used to model survival outcomes.

Results: A total of 167 exenterations were performed by 19 surgeons for cervix (78, 46.7%),
vaginal (43, 25.8%), uterine (24, 14.4%), vulvar (14, 8.4%) and other cancer (8, 4.7%). The
most common procedure was total pelvic exenteration (69.4%), incontinent urinary diversion
(63.5%) and vertical rectus abdominis musculocutaneous reconstruction (42.5%). Surgical
experience was associated with decreased estimated blood loss (p<0.001), intraoperative
transfusion (p=0.009) and a shorter length of stay (p=0.03). No difference was noted in the
postoperative complication rate (p=0.12-0.95). More surgeon experience was not associated
with overall or disease specific survival: OS (hazard ratio [HR]=1.02; 95% confidence interval
[CI]=0.97-1.06; p=0.46) and DSS (HR=1.01; 95% CI=0.97-1.04; p=0.66), respectively.
Conclusion: Patients undergoing exenteration by more experienced surgeons had
improvement in intraoperative factors such as estimated blood loss, transfusion rates and
length of stay. No difference was seen in postoperative complication rates, overall or disease
specific survival.

Keywords: Pelvic Exenteration; Surgeon Volume; Pregnancy Outcomes; Gynecologic Neoplasms

INTRODUCTION

Over the past 2 decades, compelling evidence from a number of different specialties has
demonstrated that surgeons' experience and hospital qualifications play a significant role
in surgical outcomes. This paradigm suggests that high-volume surgeons, at high-volume
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hospitals deliver superior outcomes in terms of fewer surgical complications, decreased
operative mortality and improved long-term survival for a range of high risk operative
procedures [1-4]. Among gynecologic oncology procedures including ovarian cancer tumor
reduction, laparoscopic radical hysterectomy, and abdominal or laparoscopic hysterectomy
for endometrial cancer, the effect of surgeon volume on outcome is less clear [5-8].

Pelvic exenteration is a complex surgical procedure first described in the 1940s [9].
Substantial improvement in surgical techniques, perioperative care and reconstructive
modalities have occurred, resulting in decreased perioperative mortality from 20 to less than
5%, and an improvement in 5-year survival to 20%-73% [10-12]. Postoperative morbidity
remains a concern, however, with complication rates as high as 60%-95% [12,13]. Given

the limited number of pelvic exenterations done each year, it is now a procedure that is
performed relatively infrequently even among subspecialists at high-volume centers.

The primary objective of our study was to determine the effect of surgeon experience on peri-
operative outcome among women who underwent pelvic exenteration at a large tertiary referral
center. Our secondary objective was to assess differences in recurrence-free survival (RFS),
overall survival (OS), and disease-specific survival (DSS). This information could help determine
if the development of centers of excellence should be considered for these complex procedures.

MATERIALS AND METHODS

Following approval by the University of Texas, MD Anderson Cancer Center Institutional
Review Board (approval number: PA12-0794), a retrospective review of all women who
underwent anterior, posterior or total pelvic exenteration in the Department of Gynecologic
Oncology & Reproductive Medicine, for any indication, from January 1993 to June 2013 was
performed. Only patients with follow up of at least 12 months from surgery were included
except when death occurred prior to 12 months. Demographic data, operative reports,
pathology reports, and clinical outcomes were abstracted from medical records.

Surgeon experience was quantified in the total number of exenterations performed prior to a given
exenteration based on the hospital's billing data. Because the total number of exenterations per
surgeon were relatively low, we also quantified surgeon experience by the total number of surgical
cases as well as procedural units performed by the primary surgeon prior to the exenteration.
While the total number of surgical cases gave us broad indication of surgeon experience,
procedural units allowed us to account for the complexity of each procedure performed by a given
surgeon. For example, a tumor reductive surgery requiring extensive lysis of adhesion, 2 bowel
resections, appendectomy and bilateral ureterolysis would count as one case, but 5 procedural
units. Using these different methods allowed us to account for the increase in a surgeon's
experience over time as the study spanned a 21-year period. To account for multi-surgeon or multi-
disciplinary surgical teams, only the primary surgeon for each component of the exenteration or
reconstruction was considered, and procedures performed by surgeons of subspecialties other
than gynecologic oncology (i.e., plastic surgery) were excluded from the analysis.

Descriptive statistics were used to summarize the patient characteristics including age, body
mass index (BMI), race, cancer diagnosis, tumor characteristics, previous surgery, medical
comorbidities, and prior cancer therapy. Operative data included type of exenteration, duration
of surgery (DOS), estimated blood loss (EBL), intraoperative complications, transfusion rates,
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and final pathology. Length of stay (LOS), as well as short-term (<60 days) and long-term
(=60 days) postoperative complications, were also assessed. Postoperative complications were
graded according to the Clavien-Dindo Classification of Surgical Complications scale1to 5,
which defines the severity of each complication according to the treatment required [14]. For
patients who had more than one complication, the highest-grade complication was recorded.
Grade 1 complications included any deviation from the normal postoperative course, grade

2 required pharmacological treatment, grade 3 required surgical, endoscopic or radiologic
intervention, grade 4 required intensive care, and grade 5 indicated death of the patient.

For the statistical analysis, Spearman's rank correlation (corr) was used to estimate the
relationship between surgeon experience at the time of exenteration and both operative and post-
operative findings. Logistic regression was used to model the relationship between surgeon's
experience and events of interest (i.e., complications and readmission rates). Cox proportional
hazards regression was used to model OS and DSS as a function of surgeon experience [15].

RESULTS

Between 1993 and 2013, a total of 167 pelvic exenteration procedures were performed by 19
surgeons at our institution and were included in this analysis. Demographic characteristics
are summarized in Table 1. Median age at the time of surgery was 55 years (30.4-85.9).
Median BMI was 28 kg/m? (15.2-50.9). The primary diagnoses were cervix (78, 46.7%),

Table 1. Patient characteristics (n=167)

Patient characteristics Values
Age (yr) 54.8 (12.4)/55.2 (30.4-85.9)
BMI (kg/m?) 929.0 (7.5)/28.0 (15.2-50.9)
Race
White 124 (74.3)
Hispanic 32 (19.2)
Black 9 (5.4)
Asian 2 (1.2)
Comorbidities
Smoker (current or history) 62 (37.2)
Hypertension 43 (25.7)
Diabetes 23 (13.8)
Cardiac 13 (7.8)
Pulmonary 12 (7.2)
Type of exenteration
Total 116 (69.4)
Anterior 33(19.8)
Posterior 18 (10.8)
Urinary diversion
Continent 48 (28.7)
Miami pouch 39 (23.4)
Indiana pouch 4(2.4)
Incontinent 101 (60.5)
Ileal 88 (52.7)
Descending colon 15 (9.0)
Vaginal repair
Gracilis flaps 44 (26.4)
VRAM 71 (42.5)
Omental/skin graft 4(2.4)
Primary closure 22 (13.2)

Data shown are number (%) or mean (SD)/median (range).
BMI, body mass index; SD, standard deviation; VRAM, vertical rectus abdominis musculocutaneous.
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vaginal (43, 25.8%), uterine (24, 14.4%), vulvar (14, 8.4%), and other cancer (8, 4.7%). Most
of these cancers were squamous in histology (84, 50.3%) followed by adenocarcinoma (52,
31.1%). The most common indication for the exenteration was recurrent disease (125, 74.9%),
followed by persistent disease (26, 15.6%), and primary disease (16, 9.6%). A majority of
patients underwent total pelvic exenteration (116, 69.4%), incontinent urinary diversion

(101, 60.4%). When reconstruction was done, the most common procedure performed was
vertical rectus abdominis musculocutaneous (VRAM) reconstruction (71, 42.5%). Only 2 of
the urinary diversions were performed by urology and 18/111 (16%) of flaps were performed by
plastic surgery. Negative margins were achieved in 85.6% of the cases.

Among the 19 surgeons who performed at least one exenteration procedure, the median
number of exenterations was 6 (range 1-29). Median surgeon experience at the time of
exenteration was 476 cases (5-1,949). Median EBL was 1,800 mL (range, 280-13,000). Median
DOS was 546 minutes (range, 252-930). Median intraoperative units of blood transfused
were 3 units (range, 0-21). Median LOS was 15 days (range, 5-69). When intraoperative
outcomes were compared with surgeon experience (defined as number of exenterations
cases performed at the time of exenteration), more experience was associated with less EBL
(corr -0.255, p<0.001), less administration of intraoperative blood products (corr —0.200,
p=0.009) and a shorter LOS (corr —0.182, p=0.031). There was no difference in margin status
based on surgeon experience (p=0.69). When the number of total cases or procedural units
was used as a surrogate for surgeon's experience, similar findings were noted.

At least one postoperative complication occurred in 95% of patients. Table 2 shows the

most common postoperative complications that occurred within 60 days of surgery. These
complications were mostly grade 2 in severity (31.1%) and included wound separation
(32.9%), urostomy complication (22.2%), abscess (15.6%), flap complication (10.8%), bowel
obstruction (9.6%), and sepsis (8.4%). Readmission rate within 30 days was 24%. Reasons
for readmission were pyelonephritis (28.5%), sepsis or urosepsis (22.8%), small bowel
obstruction (14.2%), anastomostic leak (14.2%), hydronephrosis, wound infection or abscess
(8.5% each), mental status changes (5.7%), and DVT (2.8%). There was no association
between surgeon experience and postoperative complications within 60 days of surgery
(p=0.12-0.95; p=0.13-0.94; and p=0.23-1.0, respectively)

Postoperative complications were also categorized by grade according to Clavien-Dindo
Classification (Table 3). There was 1 death within 60 days of surgery. There was no difference
in median surgeon experience when compared across grades (p=0.43). Fig. 11is a box-plot

Table 2. Postoperative complications within 60 days

Postoperative complications No. (%)
Wound separation 55 (32.9)
Urostomy complication 37 (22.2)
Abscess 26 (15.6)
Flap complication 18 (10.8)
Bowel obstruction 16 (9.6)
Sepsis 14 (8.4)
Pneumonia 13 (7.8)
Ureteral complication 10 (6.0)
Fistula 8 (4.8)
Colostomy complication 8(4.8)
Deep vein thrombosis, pulmonary embolism 5(3.0)
Acute kidney injury 5(3.0)
Readmission within 30 days 40 (24.0)
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Table 3. Complication grade and in relation to surgeon's experience”

Complication grade No. Minimum Median Range p-value
(0] 7 1 7 1-15 0.432
1 7 1 9 1-22

2 52 1 5 1-28

3 37 1 4 1-27

4 38 1 6 1-29

5 14 1 5.5 1-20

*Measured as median number of exenterations performed at the time of the exenteration.
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Fig. 1. Complication grades 3-5 in relation to median number of exenteration. The orange line across the box
represents the median. The top of the box is the 75th percentile, and the bottom of the box is the 25th percentile.
The orange shaded region is the 95% confidence interval for the median. The staples mark the nearest value not
beyond 1.5 x the interquartile range. The short dashes indicate outliers. Widths of boxes are proportional to the
sample size (p=0.57).

of surgeon experience and grade 3-5 complications. There was no significant difference in
median experience among the grades (p=0.57).

Median follow up time was 32.4 months (range, 1.4-235.1). At the time of analysis, 89 patients
had recurred (53.2%). The majority of recurrences were distant (54, 60.6%), whereas pelvic
recurrences occurred in 30 patients (33.7%). Sixty-six patients (39.5%) had died of disease.
Surgeon experience per number of exenterations performed was not associated with OS
(hazard ratio [HR]=1.02, 95% confidence interval [CI]=0.97-1.06; p=0.46), RFS (HR=1.03;
95% CI=0.99-1.08; p=0.10) or DSS (HR=1.01; 95% CI=0.97-1.04; p=0.66). We also evaluated
all of the outcomes by total number of cases and by procedural units to account for the
complexity of the procedures contributing to surgeon experience and the results were similar
to the number of exenterations performed (data not shown).

DISCUSSION

In patients who underwent a pelvic exenteration for a gynecologic cancer, we found that
increasing surgeon experience was associated with decreased duration of the procedure,
decreased EBL and less frequent blood transfusion. We did not, however, find a difference
in postoperative complications or OS based on surgeon volume. This is the first study to
evaluate surgeon experience in the context of pelvic exenteration for a gynecologic cancer.

A number of studies have looked at the relationship between surgeon volume and other
procedures in gynecologic oncology and the findings are variable. When performing abdominal
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radical hysterectomy for early cervix cancer, high-volume surgeons had fewer postoperative
hemorrhages, gastrointestinal complications, lower transfusion requirements, shorter LOS,
and lower intensive care unit (ICU) admission [8]. Likewise, Worley et al. [16], evaluated the
impact of surgeon volume and surgical complexity on more immediate perioperative outcomes
among patients undergoing gynecologic laparoscopy. He reported higher overall complication
rates, and a longer length of hospital stay for low-volume versus high-volume surgeons. Similar
to our current study, Worley et al. [16] did not find an association between surgeon's experience
and long-term complications, readmission rates or mortality.

While our study did show an improvement in immediate peri-operative outcomes, others'
studies have shown conflicting results. Wright et al. [5] reported on 6,015 patients who
underwent abdominal hysterectomy for endometrial cancer. After adjustment for case-mix
variables and hospital volume, perioperative surgical complications (odds ratio [OR]=0.57;
95% CI=0.38-0.85), medical complications (OR=0.57; 95% CI=0.37-0.88), and ICU
utilization (OR=0.47; 95% CI=0.28-0.80) were lower in patients treated by high-volume
surgeons. Other factors such as operative injury, transfusion, LOS, or readmission were not
associated with surgeon volume.

In ovarian cancer tumor reductive surgery, a complex yet more commonly performed
procedure, the impact of surgeon and hospital volume varies between studies. Bristow et al.
[17] showed that ovarian cancer surgery performed by a high-volume surgeon was associated
with a 69% reduction in the risk of in-hospital death. In addition, care at a high-volume
hospital increased the likelihood of optimal cytoreduction and resulted in lower cost for
care. A population-based cohort study of 2,952 patients undergoing ovarian cancer resection,
however, failed to demonstrate hospital- or surgeon-specific procedure volumes as strong
predictors of OS [6]. Similarly, data evaluating outcomes of laparoscopic hysterectomy

for endometrial cancer demonstrated that neither physician nor hospital volume had a
significant effect on intraoperative complications, surgical-site or medical complications,
transfusion rates or perioperative mortality (p>0.05 for all) in 4,137 cases collected from a
nationwide inpatient database [18].

Among studies looking at surgical volume and outcome, the effect of volume appears to

be most pronounced for high risk cardiovascular and oncologic procedures [19]. Liu et al.
[20] examined the influence of the surgeon volume in a nationwide population study of

over 61,000 patients with colorectal cancer, in which, 5-year mortality rate was significantly
improved with increasing surgeon volume. Similar results were noted in surgical treatment
of patients with other gastrointestinal and oral cancers [20-23]. While these studies done in
cancer patients have shown differences in perioperative mortality and OS, our data did not
suggest this in patients who underwent pelvic exenteration. It is possible that due to the high
complexity of the procedure and relatively low survival rates, that surgeon experience may
have less impact on patient outcome.

Perhaps our hospital characteristics played a more important role than the individual's
surgeon experience. In a study by Birkmeyer et al. [3], the relative importance of surgeon
volume and hospital volume on mortality varied according to the procedure. The mortality
for lung cancer resection for example, depended more on the hospital volume rather than the
surgeon's volume. Thus, it is possible that after an exenteration, hospital based services such
as the intensive care units, blood bank, pain management services and nursing care may have
a relatively higher influence on the outcomes than the technical skills of the surgeon.

https://doi.org/10.3802/jg0.2018.29.€68 6/8
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The main strength of this study was the inclusion of a large number of patients undergoing

a relatively uncommon, complex oncological procedure associated with high morbidity and
mortality. Our statistical model allowed us to account for the change in a surgeon's experience
over time. We measured surgeon experience in number of exenterations performed at the time
of the exenteration. We also looked at surgeon's experience in number of surgical cases as well
as number of procedural units performed at the time of exenteration. For example, a surgeon
performing his/her second exenteration after having done 500 complex oncologic cases has
higher experience than someone who is doing his/her second exenteration after only 100 cases.
In addition, we were able to obtain detailed clinical information with a longitudinal follow up
for more than 12 months, which would have been difficult to obtain had we used a restrictive

or public database. The limitations include its retrospective nature, with the potential for
underreporting of events, complications, and diagnoses. It also spanned 21 years, during which
our surgical techniques changed and our quality of care in the preoperative and postoperative
period likely improved. All procedures involved fellow participation. It is possible that this
could dampen the effect of surgeon experience on outcome as the fellows were all early on

their learning curve and may have performed a majority of the procedure under supervision.
Finally, it is difficult to determine a “high-volume” surgeon in the setting of such an uncommon
procedure. The median number of exenterations was 6 with a range of 1-29, therefore, no single
surgeon had performed a large number of exenterations.

In conclusion, intraoperative outcomes among patients undergoing pelvic exenteration
appear to improve with increasing surgeon experience. Both OS and the rate of postoperative
complications, which were high, did not appear to be influenced by surgeons' experience.
Additional studies are needed to determine the impact of hospital volume on the outcome
patients undergoing these complex procedures. Consideration of a focused group of
surgeons within our large volume center may have further impact on intraoperative and
perhaps survival outcomes.
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