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Introduction. Congenital pelviureteric junction obstruction (PUJO) is one of the most common causes of hydronephrosis.
Historically, open dismembered pyeloplasty has been considered the gold standard intervention for correcting PUJO. The aim
of this study was to compare the surgical and functional outcomes of three different approaches, namely, open, conventional
laparoscopy, and robotic pyeloplasty.Material andMethods. 60 patients underwentminimally invasive pyeloplasty (30 conventional
laparoscopies and 30 robotics) for congenital PUJO at a tertiary health center in India. Demographic, perioperative, and
postoperative data were prospectively collected and analyzed.The data of these patients were retrospectively comparedwith another
cohort of 30 patients who had undergone open pyeloplasty. Results.There was significant difference in operative time, time to drain
removal, hospital stay, pain score, and complications rate between open and minimally invasive pyeloplasty (𝑃 < 0.05). SFI was
considerably lesser in robotic as compared to conventional laparoscopy. The success rate in OP, CLP, and RP was 93.33, 96.67, and
96.67%. Conclusion. Robotic pyeloplasty is safe, effective, and feasible. It is associated with significantly lesser operative time, lesser
blood loss, less pain, shorter hospital stay, and fewer complications. It is also associated with considerably lesser surgeon fatigue as
compared to conventional laparoscopy pyeloplasty.

1. Introduction

Congenital pelviureteric junction obstruction (PUJO) is one
of the most common causes of hydronephrosis. The cause of
obstruction can be intrinsic, extrinsic, or both. Traditionally,
open dismembered pyeloplasty (OP) has been considered the
gold standard but it has its own drawbacks in terms of post-
operative morbidity and poor cosmesis [1]. With the intro-
duction of laparoscopy, it became possible to overcome these
disadvantages and offer a minimally invasive approach. Con-
ventional laparoscopic pyeloplasty (CLP) has success rate
equivalent to open pyeloplasty with advantages of improved
convalescence and lower morbidity [2, 3]. But CLP has its
own limitations in the form of prolonged learning curve,
advanced laparoscopy skills like intracorporeal suturing, sur-
geons fatigue, and increased operative time. Recent advances
in robotic surgery have combined the advantages of open and

laparoscopic surgery. We hereby undertook a study to com-
pare the three approaches in terms of functional and post-
operative outcomes.

2. Materials and Methods

We undertook a combined prospective and retrospective
study in patients with primary PUJO. Sixty patients under-
went minimally invasive pyeloplasty in the last two years by
the same surgeon. The operating surgeon was already versed
in laparoscopic pyeloplasty and had been performing these
surgeries for the past 10 years. 30 patients underwent CLP
and thirty patients underwent robot-assisted laparoscopic
pyeloplasty (RP). Informed consent was taken from all the
patients for the surgery and for recruitment in the study.
Ethical clearance was obtained from the institute’s ethical
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committee.The decision to choose either modality was based
on patient’s discretion, financial constraints, and availability
of robot. Demographic, intraoperative and postoperative
data was collected and analyzed. A surgeon fatigue index
(SFI) was calculated according to the numerological rating
scale. It is not a validated tool but just a rough estimate of
surgeon’s fatigue.The operating surgeon was asked to rate the
discomfort after completion of the surgery on a scale of 1 to 10.
Visual analog scale (VAS) was used to assess the pain in
the postoperative period. Pain score was obtained once daily
till the patients got discharged from the hospital before the
administration of analgesics. Furthermore, thirty patients
who had undergone open pyeloplasty by the same surgeon in
the last 10 years were retrospectively studied and compared
with the minimally invasive cohort. Patients had to be taken
from the last ten years in open pyeloplasty group as only a
few patients undergo open pyeloplasty after the advent and
introduction of laparoscopic pyeloplasty at our institute. The
diagnosis of primary PUJO was based on history and appro-
priate imagingmodalities like ultrasound, intravenous pyelo-
gram or contrast enhanced CT KUB, and nuclear renogram.
Patients with prior abdominal surgery, incidentally detected
PUJO, previous failed attempt at PUJO repair (endoscopic,
open, or minimally invasive), bleeding diathesis, and active
urinary tract infection were excluded from the analysis.
Patients who underwent nondismembered pyeloplasty have
also been excluded from this study. JJ stent was inserted intra-
operatively in an antegrade manner. Stent was removed four
weeks after surgery. Patient was initially followed up 10 days
after surgery and then 6weeks after stent removal followed by
six months for one year and annually thereafter. The proce-
dure was considered successful only if patients were subjec-
tively relieved of their symptoms along with objective deter-
mination of unimpeded drainage on imaging studies. Patients
were asked about their symptoms and imaging was limited to
nuclear renography on each follow-up visit after stent
removal. Statistical analysis was performed by the SPSS
program forWindows, version 17.0. Continuous variables are
presented as mean, and categorical variables are presented
as absolute numbers and percentage. Continuous variables
were compared using ANOVA. If the 𝐹 value was significant
and variance was homogeneous, Tukey multiple comparison
test was used to assess the differences between the individual
groups; otherwise, Tamhane’s T2 test was used. Categorical
variables were analyzed using the chi-square test. For all
statistical tests, a 𝑃 value less than 0.05 was taken to indicate
a significant difference.

3. Our Technique

3.1. Minimally Invasive Pyeloplasty. Patient is placed in a
modified flank position and secured to the operating table.
TheDaVinci robot is docked from the back of the patient with
axis of the robot perpendicular to that of patient. We use a
four port transperitoneal technique. Pneumoperitoneum is
made by veeres needle at a point 4 cm above and lateral to
umbilicus. 12mm port is inserted through the same site. Two
other 8mm ports are inserted on either side of this port in
midclavicular line with a minimum of 8 cm distance between

Table 1: Clinical profile of patients in three groups.

OP CLP RP
Number of patients 30 30 30
Mean age (years) 31.4 (21–45) 34.4 (23–39) 32 (19–49)
Gender (M/F) 14/16 13/17 12/18
BMI 24.7 (19–29) 25.5 (20–30) 26.4 (19–30)
Laterality (R/L) 13/17 15/15 14/16

either ports. An assistant 10mm port is made in the midline
8 cm from the camera port. The operative technique is pretty
much the standard. The colon is mobilized along the line of
Toldt and reflectedmedially. Ureters are identified and traced
till PUJ where it is transected. AndersonHynes dismembered
pyeloplasty was performed in most of the cases. After spatu-
lating the ureter, ureteropelvic anastomosis is done with 4–0
vicryl in continuous manner. Antegrade 6 Fr JJ stent is
inserted after completing posterior layer and its position
checked by fluoroscopy. A perinephric drain is inserted and
the trocars are removed under vision. The Foleys catheter is
removed after two days and drain is removed when drain
output is less than 50mL per day.The stent is removed after 4
weeks and patient is followed up at 6-month intervals for one
year. DTPA scan is performed at 6 months and one year later.
Similar technique is followed while performing CLP.

3.2. Open Pyeloplasty. All patients underwent Anderson
Hynes dismembered pyeloplasty by retroperitoneal approach
through intercostal incision.The rest of the technique and fol-
low up are the same as described above in minimally invasive
pyeloplasty.

4. Results

Table 1 shows the demographic and clinical profile of the
patients. Patients were divided into three groups according to
the surgery performed. All the groups were evenly matched
and comparable in baseline parameters. Table 2 shows the
perioperative and postoperative outcomes in the three groups
along with surgeon fatigue index.

The mean operative times were considerably lesser in OP
and RP as compared to CLP.Themean difference in operative
time between open and CLP was 64.2 minutes whereas it was
72.8 minutes while comparing CLP and RP, the difference
being statistically significant using post hoc tests.Mean blood
loss in OP, CLP and RP was 114.47, 55.24, and 46.37mL. OP
was associated with greater blood loss and the difference was
statistically significant from CLP, and RP (𝑃 < 0.001). Drain
removal was found to be the earliest in RP followed by CLP
and OP. It was considerably shorter in patients with RP as
compared to CLP and OP (𝑃 < 0.001). The hospital stay was
also seen to be the shortest inRP cohort andCLP as compared
to patients in OP group. (2.45 days in RP versus 3 days in CLP
and 2.45 versus 4.83 days in OP, 𝑃 < 0.001). As expected and
routinely observed in clinical practice, patients in OP expe-
rienced more pain as compared to minimally invasive pyelo-
plasty groups. Pain score was calculated daily till the patient
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Table 2: Perioperative and postoperative outcomes in the three groups and the significance indifference between minimally invasive group
and OP group. 𝑃 < 0.05 was considered significant.

OP CLP RP Significance 𝑏/𝑤minimally
invasive and open group

Operative time (mins) 127.5 (112–168) 191.56 (145–276) 141.73 (110–235) 𝑃 < 0.001

Mean blood loss (mL) 114.47 (65–198) 55.24 (35–120) 46.37 (30–95) 𝑃 < 0.001

Crossing vessel (%) 26.67 33.3 33.3 NS
Surgeon fatigue index Not calculated 6.8 3.9 𝑃 < 0.05

Pain score 7.9 4.77 4.16 𝑃 < 0.001

Time to drain removal (days) 3.58 (2–12) 2.68 (1–8) 2.03 (1–6) 𝑃 < 0.001

Mean hospital stay (days) 4.83 (3–8) 3 (2–6) 2.45 (2–6) 𝑃 < 0.001

Complications (%) 16.1 11.4 8 NS, 𝑃 = 0.28
Followup (months) 35 (24–60) 18 (8–23) 13.5 (5–20)
Recurrence 2/30 1/30 1/30 NS, 𝑃 = 0.81
NS: not significant.

was discharged from the hospital using numerical rating
scale. It was 7.9 in OP group compared to 4.46 in minimally
invasive pyeloplasty groups, the difference being statistically
significant. It is well known in the literature that CLP is asso-
ciated with increased surgeon fatigue and injuries. We found
laparoscopy to be considerably tiring when compared to RP
(surgeon fatigue index 6.8 versus 3.9, 𝑃 < 0.01). The mor-
bidity rate in the OP, RP, and CLP was 16.1%, 8%, and 11.4%,
respectively. Although the complication rate was higher in
open group, the difference was not statistically significant.
All the complications in the minimally invasive group were
Clavien grade 1 or 2. The main complications observed in
the open group were wound infection, urinary tract infection
(UTI), pleural effusion, ileus, anastomotic leak, and basal
atelectasis, whereas the minimally invasive group had pro-
longed drain output, UTI, and gut injury. Fewer complication
rates relate to the minimally invasive nature of CLP and RP,
improved magnification, and better suturing capabilities due
to improved mobility of instruments.

Speaking of success rate, all three groups had equal
efficacy.Out of the 90 patients analyzed, only 4 patients devel-
oped recurrences. Three patients had documented obstruc-
tion on nuclear renogram in the follow-up period whereas
one patient developed bothersome pain and only partial
obstruction on nuclear renogram. Two patients were in the
OP group and one each in RP and CLP group.

5. Discussion

Since Kuster reported the first successful open pyeloplasty
in 1891 [4], the surgical correction of the PUJO has been
approached in many ways. Anderson-Hynes dismembered
pyeloplasty, first described in 1949, remains most popular
today [4]. However, the significant incisional morbidity,
along with the extended recovery period and the increased
need for narcotic analgesia, has led to the development of var-
ious minimally invasive treatment modalities. Laparoscopy
allows significant better cosmesis, lower blood loss, lower
pain, and improved convalescence with equivalent efficacy.

However it required advanced laparoscopic skills with a
steep learning curve [5–7] and remains limited to specialized
laparoscopic centers. The introduction of robotic technology
to this complex reconstructive surgery reduces the limitations
of laparoscopy. The system improves and magnifies the
view (3D), eliminates tremor, and provides full mobility of
robotic instruments (seven degrees of freedom compared
with four in laparoscopic surgery). Nevertheless, disadvan-
tages to robotic-assisted laparoscopic surgeries are no tactile
feedback, increased setup time, and cost.

In our series, mean age was 38.8 (range 23–62) years. In
analyzing the literature on adults, we found that average age
was in the range of 31–81 years [8–16]. Crossing vessels are a
common finding in patients with PUJO. Detection of abnor-
mal vessels has been reported in 26–100% of cases [8–16].

Numerous case series have been published on robotic
pyeloplasty since Gettman et al. first reported their case series
on RP [17]. Table 3 shows a list of published series on RP
with total number of patients greater than 25. Only 4 papers
could be identified which hadmore than 50 patients. In 2004,
Peschel et al. published their results on 49 patients with mean
operating time 124min, blood loss of 50mL, complication
rate of 4%, and a success rate of 100% [18]. In the largest
multicenter study conducted by Mufarrij et al., 140 patients
underwent RP at 3 centers [16]. The mean operative time was
217 minutes, blood loss was 50mL, complication rate was
9.2%, hospital stay was 2.1 days, and a success rate of 95.7%.
Schwenter published their results on 92 patients with a mean
followup of 39.1 months and a success rate of 97%. The mean
operating time in their study was 108 minutes, blood loss was
less than 50mL, complication rate was 3.3%, and hospital stay
was 4.57 days [14]. Recently, Gupta et al. reported their expe-
rience of 86 patients with mean operating time of 121min,
blood loss of 45mL, average hospital stay of 2.5 days, andwith
a success rate of 97% [19]. In our study, mean operative time
of RP was 147.25, mean blood loss was 46.37, mean hospital
stay was 2.45 days, mean time to drain removal was 2.03 days,
complication rate was 10%, and success rate was 96.7%. The
results were consistent with those reported in the literature.
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Table 3: Summary of case series on robotic pyeloplasty.

Author Year Type of
study Number Mean age

(years)
Mean operative
time (minutes)

Blood loss
(mL)

Complications
(%)

Hospital
stay (days)

Success
(%)

Gettman et al. [17] 2002 CC 9 NA 138.8 50 11.1 4.7 100
Peschel et al. [18] 2004 R 49 NA 124 50 0 5.5 100
Siddiq et al. [8] 2005 R 26 34.5 245 69 11.5 2 100
Mendez-Torres et al. [9] 2005 R 32 31.2 300 52 11.5 2 100
Palese et al. [10] 2005 R 38 39.3 225.6 77.3 10.5 2.9 94.7
Bernie et al.∗ [11] 2005 CR 7/7 32 324 60 28.5 2.5 100
Patel [12] 2005 R 50 31 122 40 0 1.1 100
Weise and Winfield∗ [20] 2006 CR 31/14 26 271 100 6 2.1 97
Link et al.∗ [21] 2006 CR 10/10 46.5 173.8 NA 10 NA 100
Atug et al. [13] 2006 R 44 32.8 219.4 50 0 1.1 100
Schwentner et al. [14] 2007 R 92 35.1 108 <50 3.3 4.57 96.7
Yanke et al. [22] 2008 R 29 41.2 196 39 13.7 2.2 100
Erdeljan et al. [15] 2008 R 55 na 171 57 1.8 2.3 95
Gupta et al. [19] 2010 R 85 24.8 121 45 9.4 2.5 96.5
Mufarrij et al. [16] 2008 R 140 38.5 217 59.4 9.2 2.1 95.7
Erdeljan et al. [23] 2010 R 90 na 167.7 53.4 5.5 2.53 93
Bird et al.∗ [24] 2011 CR 98/74 39.6 189 >50 5 2 100
R: retrospect; CC: case controlled; CR: comparative retrospect.
∗comparative series comparing RP and CLP.

In 2002, Gettman et al. retrospectively compared their
initial 6 patients after RP with 6 age-matched CLP controls
and concluded that operative times were improved with
robotic assistance (140min versus 235min) as was suturing
time (70min versus 120min). Hospital stay (4 days), esti-
mated blood loss (50mL), and complications (none) were
equivalent between the 2 groups [17]. Braga et al. carried out
a meta-analysis and systematic review of RP versus CLP [25].
They found eight studies where these two approaches were
directly compared. Of the eight studies that evaluated oper-
ative time, three showed similar operative time for RAP and
CLP [11, 26, 27], four indicated that RAP time was shorter
than CLP [13, 17, 20, 28] (with a nonstatistically significant
difference in one study [20]), and the only prospective study
revealed that CLP operative time was significantly shorter
than RAP. Meta-analysis of extractable data from five studies
demonstrated a significantly shorter hospital stay after RAP
compared with CLP (random effects model; WMD: −0.5 d;
95% CI: −0.6–0.4; 𝑃 < 0.01). Meta-analysis of these eight
studies showed that both procedures had similar complica-
tion rates (random effects model; OR: 0.7; 95% CI: 0.3–1.6;
𝑃 = 0.40). Of the eight studies that evaluated this outcome,
five revealed a 100% success rate for both approaches [11, 13,
17, 21, 28], two showed higher success rates with RAP than
with CLP (100% versus 97% and 99% versus 97%) [26, 27],
and one had a better success rate with CLP than with RAP
(100% versus 97%) [20]. While comparing these two types of
minimally invasive pyeloplasty we observed that there was no
significant difference between the two in terms of blood loss,
hospital stay, complication rate, and success rate. The oper-
ative time was considerably shorter in robotic pyeloplasty as

compared to laparoscopic pyeloplasty.The difference in oper-
ative time further increases as the experience increases with
robotic surgery as it leads to faster docking.The time to drain
removal was also found to be significantly lower in RP as it
offers improved vision, more mobility of instruments, and
decreased fatigue. As rightly pointed out by Rajeev et al, there
is considerable surgeon fatigue in laparoscopic pyeloplasty.
The surgeon fatigue index was found to be considerably lesser
in RP in our study.

Calvert et al. reviewed 49 laparoscopic pyeloplasty with
51 open pyeloplasty within an overlapping period of 3 years.
Compared with open procedures, laparoscopic procedures
were associatedwith a longermean operating time (159 versus
91min; 𝑃 < 0.001), a shorter mean time to normal diet (38
versus 72 h; 𝑃 < 0.001), and a similar mean hospital stay (5
days; 𝑃 = 0.6). The operative complication rates were 17% for
primary laparoscopic pyeloplasties and 24% for primary open
pyeloplasties [29]. Umari et al. retrospectively compared 24
open pyeloplasty with 25 cases of laparoscopic pyeloplasty.
Laparoscopic pyeloplasty was found to have longer mean
operating time (274 versus 143min) and a shorter mean
hospital stay (9.9 versus 15.8 day) and the perioperative com-
plication rates were 16.7% for laparoscopic pyeloplasties and
20% for open pyeloplasties. The success rates were 90.5% for
laparoscopy and 90.9% for open surgery [30]. Boylu et al. did
a prospective study to compare the surgical and functional
outcomes ofminimally invasive pyeloplasty including robotic
and laparoscopic versus open pyeloplasty. They concluded
that minimally invasive pyeloplasty has low morbidity, short
length of stay, and less blood loss compared with open
surgical repair [31]. Mei et al. did an excellent systemic review
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and meta-analysis on laparoscopic versus open pyeloplasty
in children. The OP has significantly reduced operative time
(weighted mean difference [WMD] = 59.00; 95% confidence
interval [CI] = 41.15 to 76.85; 𝑃 < 0.00001) and higher stent
placement rate (odds ratio [OR] = 5.97; 95%CI = 3.17 to 11.26;
𝑃 < 0.00001) comparedwith LP, whereas the duration of hos-
pital stay was shorter in the LP group (WMD = −0.40; 95%
CI = −0.77 to −0.03; 𝑃 = 0.03). No difference was observed
between LP andOP regarding complications (OR= 0.78; 95%
CI = 0.46 to 1.34; 𝑃 = 0.37) or success rate (OR = 1.76; 95%
CI = 0.71 to 4.36; 𝑃 = 0.22). Mean operative time, blood loss,
hospital stay, and complication rate in OP and CLP groups in
our study were 191.56, 127.5; 55.24, 114.47; 3,4.83; and 11.4%,
16.1%, respectively. Pain scores were more in OP than in CLP
group, the difference being statistically significant [32].

Though not analyzed in this study, financial cost plays an
important role in deciding the type of surgery especially in a
developing nation like India. Cost of robotic surgery is sig-
nificantly higher (almost double) than open or conventional
laparoscopic pyeloplasty. In terms of financial cost and loss of
working hours, laparoscopy seems to offer the best solution.
The low cost of open pyeloplasty has to be balanced against
the increasedmorbidity associated with it and increased time
taken to return to daily activity. Another limitation of the
study is the combined prospective and retrospective nature of
the study.The fact that the open cases were done over a period
of 10 years and the minimally invasive cases were done over a
period of two years is a source of likely selection bias.

6. Conclusions

To conclude, pyeloplasty has comparable efficacy and success
rate irrespective of the approach used. OP and RP have
comparable operative time whereas CLP has considerably
increased operative time. Although blood loss was more in
OP group but it was not significantly more than in CLP and
RP. Complication rate and hospital stay were lesser in CLP
and RP than in OP group. In developing countries, OP offers
a cheaper alternative to patient with equivalent efficacy and
decreased operative time but at the cost of increased mor-
bidity, increased blood loss, more pain, and increased time
to return to daily activity. Considering all the parameters, RP
emerges as the most favorable approach if available in terms
of decreased operating time, blood loss, hospital stay, pain
control, and lesser surgeon fatigue.
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