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Abstract At our institution, faculty surgeons newly
practicing robotic surgery are proctored by an expert
surgeon for a minimum of three cases before operating
independently. Our study evaluates the effectiveness of
this proctor environment on the learning curve of faculty
pediatric urologists training to perform robotic-assisted
laparoscopic (RAL) pyeloplasty. We reviewed all pedi-
atric RAL pyeloplasties performed at our institution
between June 2006 and September 2012, comparing
procedures performed by expert surgeon (E) and two
training surgeons (both previously experienced laparo-
scopic surgeons). Training surgeons were proctored for at
least three cases before able to operate on their own.
Learning curve was quantified by benchmarking training
surgeons’ post-proctored operative times to E’s mean
operative time. One hundred and thirty-four RAL pyel-
oplasties were performed during the time period. Mean
operative time was 3:31 h from start of cystoscopy to
dressing placement. Both training surgeons achieved E’s
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mean operative time by their fourth case. The transition
from laparoscopic pyeloplasty to RAL pyeloplasty for
faculty surgeons in a proctor environment results in a
more rapid achievement of benchmark levels than pre-
viously described for a new learner. The dual module da
Vinci® Si surgical system may expedite this process
further with the operative surgeon acting as a true “co-
pilot™.
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E Expert surgeon

Tl Training surgeon 1

T2 Training surgeon 2

RAL  Robotic-assisted laparoscopic

RALP Robotic-assisted laparoscopic pyeloplasty
UPJO  Ureteropelvic junction obstruction
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Introduction

In the pediatric population, robotic-assisted laparoscopic
pyeloplasty (RALP) is being increasingly utilized for the
treatment of ureteropelvic junction obstruction (UPJO) [2—
7]. There have been numerous studies in the adult literature
to evaluate the learning curve of RAL adult procedures [8—
14], but few studies evaluating pediatric RALP. A study by
Sorensen et al. [2] compared RALP cases performed at
their institution to previously performed open pyeloplasty
cases, finding similar outcomes but a longer mean opera-
tive time for RALP. They were able to quantify a learning
curve of 15-20 cases, after which operative time for RALP
was within 1 SD of mean open pyeloplasty operative time
[2]. A recent study by Tasian et al. [3] evaluated operative
times of pediatric urology fellows performing RALP,
finding an average decrease in operative time of 3.7 min
per case, projecting it would take 37 cases to achieve the
same operative time as that of the attending surgeon.

At our institution, new robotic faculty surgeons are
trained in a proctor environment, with an expert surgeon
proctoring a trainee faculty surgeon for a minimum of three
cases prior to his performing robotic-assisted surgery
independently. The aim of our study is to determine the
effectiveness of this proctor environment on the learning
curve, as measured by operative time for a standard pro-
cedure, of faculty pediatric urologists training to perform
RALP.

Patients and methods

After Institutional Review Board approval, all RALP’s per-
formed at our institution between June 2006 and September
2012 were retrospectively reviewed. Procedures were per-
formed by three pediatric urologists; an expert surgeon [CAP
(BE)], and two training surgeons [STC (T1), CAH (T2)]. Both
training surgeons had extensive previous laparoscopic expe-
rience, but neither had prior robotic experience. T1 surgeon
had just completed pediatric urology fellowship training with
a wide variety of laparoscopic procedures such as partial
nephrectomy, transplant donor nephrectomy, ureteral reim-
plantation and others, having completed over 20 laparoscopic
pyeloplasty procedures. T2 surgeon had been practicing as a
pediatric urologist for several years, using laparoscopy for a
wide range of abdominal procedures. During the last 3 years
of his busy practice, he exclusively used the laparoscopic
approach for upper pole heminephrectomies and dismem-
bered pyeloplasties, performing 36 laparoscopic pyeloplasties
prior to this study.

A proctor environment was established at our institution
in which a minimum of three cases were supervised by a
proctor surgeon before a surgeon in training performed
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cases on his own. Additional proctored procedures were
performed if either the proctor or the training surgeon felt
more cases were needed to establish competency.

Criteria for pyeloplasty were diuretic renography
indicative of poor radionuclide washout with diminished
ipsilateral relative renal function (<40 %), exacerbation of
hydronephrosis, clearly symptomatic hydronephrosis (as
demonstrated by increased hydronephrosis during an epi-
sode of ipsilateral renal colic), renal stone(s), or febrile
urinary tract infections associated with a system with
radiographic concern for UPJO. Initial cases in the series
were performed using the da Vinci® Standard surgical
system, and later cases were performed using the da Vinci®
Si surgical system after this was purchased by our insti-
tution in July 2010. Procedures were performed using a
12 mm camera port, and either two 5 mm or two 8§ mm
working ports (8 mm ports were utilized in larger children
or when 5 mm ports were unavailable). In all cases, a
ureteral stent and a urethral catheter were left in place. In
some patients, a cystoscopy with retrograde placement of
the ureteral stent was utilized, whereas other cases utilized
a 14-French angiocatheter for antegrade placement of the
stent.

In order to determine effectiveness of the proctoring
program, operative time, intra-operative and post-operative
complications, and length of stay were compared. Effec-
tiveness was further examined by benchmarking both proc-
tored surgeon’s operative times to the average £+ SD overall
operative time of the expert surgeon. As patient weight may
be associated with variation in operative time, the expert
surgeon’s cases were matched to each training surgeon’s
cases by weight at surgery for the benchmarking analysis.

Operative time was defined as time of start of cystos-
copy or first incision to time of dressing placement.
Patients were excluded from operative time and benchmark
analysis if they received concurrent bilateral repair
(n = 1), underwent other concurrent procedures (n = 12),
had received a prior pyeloplasty procedure (n = 5), had
both concurrent procedures and prior pyeloplasty proce-
dures (n = 2), or had an intra-operative complication
(n = 1). Complications were defined as any operative or
post-operative complications reported in the patient’s
record and were classified using the Clavien—Dindo clas-
sification of surgical complications [1].

Data analysis was performed using SPSS 17.0 (IBM
Corporation, Armonk, New York). Categorical variables
were compared by Fisher’s exact test using the Bonferroni
adjustment, and continuous variables compared using one-
way analysis of variance (ANOVA) followed by Bonfer-
roni post hoc test or Kruskal-Wallis test followed by
Mann—Whitney U using the Bonferroni adjustment. Com-
parative statistical tests were two-tailed with a p value of
<0.05 considered significant.
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Table 1 Patient characteristics Characteristic Expert Training 1 Training 2 p value
by surgeon
No. of patients, % (n) 61 % (82) 31 % (41) 8 % (11)
Gender, % (n) 1.00*
Male 67 % (55) 68 % (28) 73 % (8)
Female 33 % (27) 32 % (13) 27 % (3)
Age at surgery, mos, median (range) 48 (3-240) 20 (7.5-78) 60 (6-204) <0.05°
Weight at surgery, kg, median (range) 18 (6-156) 12 (6-66) 22 (7-74) <0.005°
Laterality, % (n) 1.00*
Left 59 % (48) 58 % (24) 64 % (7)
Right 40 % (33) 42 % (17) 36 % (4)
Bilateral 1% (1) - -
Co-existing GU diagnosis, % (n) 0.89*
4 et Yes 7 % (6) 10 % (4) 9% (1)
Fisher’s exact test
No 93 % (76) 90 % (37) 91 % (10)

® Kruskal-Wallis test

Results

There were 134 RAL pyeloplasty cases at our institution
from 2006 to 2012. The majority of surgeries were per-
formed by the E surgeon (61 %), followed by T1 surgeon
(31 %), and T2 surgeon (8 %). The E surgeon’s patients
were significantly older (p = 0.014) and weighed more
(p = 0.01) at surgery than those of T1. There was no sig-
nificant difference in age or weight at surgery between T1
and T2; however, this may have been due to T2’s limited
sample size. Otherwise, the cohort was statistically similar
in gender, laterality, and co-existing urologic conditions
among the three surgeons (Table 1). Concurrent proce-
dures performed for co-existing urologic conditions include
inguinal hernia repair, umbilical hernia repair, circumci-
sion, orchiopexy, and ureteral dilation.

Overall, most of the pyeloplasties (80 %) were per-
formed using the da Vinci® Standard surgical system. The
E surgeon performed significantly more procedures with
the standard system than either of the training surgeons
(» < 0.001 T1, T2). T2 surgeon placed more stents ante-
grade than either E (p < 0.001) or T1 (p = 0.01), but T2
did still perform cystoscopy and retrograde pyelography
prior to laparoscopy in all cases. The number of cases with
prior pyeloplasty surgery and the experience of the resident
assisting with the case were similar among all surgeons
(Table 2).

The E surgeon’s mean operative time was significantly
shorter than either T1 (p < 0.05) and T2 (p < 0.001), and
T1’s mean operative time was significantly shorter than
T2’s operative time (p < 0.01). There was no difference
between the three surgeons for the remaining effectiveness
measures (Table 3).

As the E surgeon represented a substantial number of
cases in this series, it was possible to weight match to the
training surgeon’s cases for benchmarking purposes as

Table 2 Operative characteristics by surgeon

Characteristic Expert Training 1 Training 2 p value
Robot type, % (n) <0.001*
da Vinci® 99 % (81) 24 % (10) -
Standard
da Vinci® Si 1% 1) 76 % (31) 100 % (11)
Prior pyeloplasty, 0.16*
% (n)
Yes 7% (6) - 9% (1)
No 93 % (76) 100 % (41) 91 % (10)
Stent placement, 0.001*
% (n)
Retrograde 83 % (68) 73 % (30) 27 % (3)
Antegrade 17 % (14) 27 % (11) 73 % (8)
Surgical assistant 0.53%
Chief resident 78 % (64) 73 % (30) 91 % (10)
Junior resident 24 % (18) 27 % (11) 9 % (1)

? Fisher’s exact test

there was a significant difference in age and weight
between E and T1/T2 patients. After weight matching, the
median weight for T1 was 14 kg (range 7-66) and E was
14 kg (range 6-65) within the weight-matched subgroup
for T1 (n = 35). The median weight for T2 was 22 kg
(range 7-74) and E was 23 kg (range 7-75) within the
weight-matched subgroup for T2 (n = 10). When these
subgroups were analyzed chronologically, the T1 surgeon’s
post-proctored operative time reached within 1 SD of the
E’s weight-matched average operative time by the fourth
case. The T2’s proctored operative time reached within 1
SD of the E’s weight-matched average operative time also
by the fourth case. Figure | illustrates operative time per
case for the T1 and T2 subgroups, as compared to E’s
weight-matched average overall operative time.
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Table 3 Operative outcomes

Characteristic Expert Training 1 Training 2 p value
by surgeon
Operating time, h:mm, mean (SD) 3:18 (0:40) 3:41 (0:40) 4:26 (0:47) <0.001*
Surgical complications, % (n) 0.39°
Yes 3% (2) 9 % (4) 18 % (2)
No 97 % (78) 91 % (38) 82 % (9)
Length of stay, % (n) 0.14°
1 day 57 % (46) 76 % (32) 91 % (10)
2d 34 % (27 12 % (5 -
© ANOVA ays 6 (27) 6 (5)
b 3 or more days 9 % (7) 12 % (5) 9% (1)
Fisher’s exact test ) X
Length of stay (days), median (range) 1 (1-8) 1 (1-5) 1(1-4) 0.08°¢

¢ Kruskal-Wallis test

—— Training 1 Surgeon

Training 2 Surgeon

O Case w/Complication
------ Expert Average (+ SD)

A

Fig. 1 Training surgeons’ 7:00
weight-matched operative times
benchmarked to expert
surgeon’s average overall 6:00
operative time .
IS
£ 5:00
=
£
o
£ 4:00-
£
3:00
2:00 — T

Discussion

The patient populations of the three surgeons were similar,
with a few significant differences. Robot type also differed
among the three surgeons, with virtually all of the expert
surgeon’s cases performed on the da Vinci® Standard
(99 %). The training surgeons predominantly used the da
Vinci® Si for their cases (T1 = 76 %, T2 = 100 %). Both E
and T1 placed the majority of stents in a retrograde fashion,
and T2 placed the majority of stents in an antegrade fashion.
Antegrade stent placement may take less time than retro-
grade stent placement, but T2 did still perform cystoscopy
and retrograde pyelography prior to laparoscopy which
would make overall operative time similar to procedures
including retrograde stent placement. All other patient
characteristics were similar among the three surgeons.

T1 appeared to have a rapid achievement of benchmark
levels, with post-proctored operative time reaching within
1 SD of E’s mean operative time by his third case. The
learning curve for T2 was also rather quick, with the
operative time for T2 reaching within 1 SD of E’s mean
operative time by his fourth case.

All surgeons had similar numbers of complications and
length of stay. Complications among T1’s patients occurred
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M1 13 15 17 19 21 23 25 27 29 31 33 35
Case (chronologically ordered)

after the proctoring period, and were reported for his 15th,
19th, 30th and 36th cases. These were all cases of post-oper-
ative ileus which were managed conservatively (Clavien
grade I) [1]. T2’s complications were reported for his 6th and
10th cases. One of these was a case of post-operative ileus
managed conservatively (Clavien grade I). The other was a
16-month-old with a very narrow ureteral orifice through
which a guide wire was able to be placed along the entire
ureter, but a double-J ureteral stent could not be placed either
retrograde or antegrade. A cutaneous pyeloureteral catheter
was placed for this patient, but this catheter stopped draining
on the third post-operative day. The catheter was made
functional again with a slight adjustment under fluoroscopy
without anesthesia (Clavien grade Illa). Expert’s complica-
tions were reported for his 48th and 55th cases. One of these
was a patient with a non-functioning stent that later required
percutaneous nephrostomy tube placement (Clavien grade
IIIb). The other patient developed a urine leak that was
managed with stent exchange and paracentesis (Clavien grade
IIIb). Including even minor deviations from the standard post-
operative course (Clavien grade I), the complication rate for E
(3 %) and T1 (9 %) were within the range reported in other
series of 3—12.5 %, while the complication rate for T2 (20 %)
was higher than previously reported [3—6]. Including only
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Clavien grade II or higher complications, all surgeons had
complication rates at or below the previously reported ranges.

The study by Sorensen et al. [2] showed that after 15-20
robotic cases, operative times were consistently within 1
SD of mean operative time for open pyeloplasty. Our study
shows similar findings with T1 surgeon’s operative times
reaching within 1 SD of E surgeon’s mean operative time
by his third case. However, this study may be better suited
to evaluate the ability to achieve benchmark levels for
robotic surgery by using as its benchmark mean operative
time of an expert robotic surgeon rather than mean oper-
ative time of open surgery.

The study by Tasian et al. [3] showed that operative time
for pediatric urology fellows in training decreases by an
average of 3.7 min per case, with a projected achievement
of operative time equal to the attending surgeon at the 37th
case. Our study shows more rapid achievement of operative
time equal to E surgeon, but our training surgeons were
both attending surgeons with extensive prior laparoscopic
surgical experience.

Our study does have limitations. As a retrospective
study, it is subject to the inherent limitations of any ret-
rospective study design. Our measure of achievement of
benchmark levels is based mainly on operative time, and
we did not evaluate patient outcomes with regard to reso-
lution of symptoms or hydronephrosis. A future study
which includes long-term patient outcomes will be essen-
tial in determining if training surgeons are able to provide
surgical treatment which is not only timely, but effective as
well. T2 surgeon had a small sample size of cases, and had
not yet performed adequate cases beyond the proctor per-
iod for analysis. This study did not measure how much of
each procedure is performed by the resident surgeon. The E
and T1 surgeons roughly estimate that ~40 % of the case
based on time is performed by the resident. Finally, our
achievement of benchmark findings are only based on the
experience of one expert surgeon, and further evaluation in
future series would prove helpful.

Conclusions

The transition from laparoscopic pyeloplasty to RALP for
faculty surgeons in a proctor environment results in a more
rapid achievement of benchmark levels than previously
described for a new learner, with high success and minimal
complications. The dual module da Vinci® Si surgical
system expedites this process further with the operative
surgeon acting as a true “co-pilot”.
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