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What’s known on the subject? and What does the study add?

Most of the studies done in the past show that with all other intraoperative and postoperative parameters being comparable between robotic 
and laparoscopic pyeloplasty, only total operative time and total blood loss happen to be both clinically and statistically significantly lesser 
in robotic pyeloplasty. Our study shows that in the experienced hand, only total operative time happens to be clinically and statistically 
significantly lesser in robotic pyeloplasty whereas, total blood loss is not clinically significantly lesser. 
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Abstract
Objective: A surge in the easy availability of robotic platforms has resulted in numerous surgical procedures, which were previously done using 
an open or conventional laparoscopic approach, are now being done using robots worldwide. A prospective randomized study was conducted to 
compare surgical and functional outcomes of conventional laparoscopic pyeloplasty with robotic-assisted pyeloplasty.

Materials and Methods: Patients who require pyeloplasty who presented to our institute between June 2015 and March 2018 were randomized 
into a robot-assisted or conventional laparoscopic pyeloplasty group. Common steps included a lateral trans-peritoneal approach, intraoperative 
antegrade double-J stent placement, stent removal at 4 weeks postoperative, and Diethylene Triamine Penta Acetate renogram at 4 weeks post stent 
removal. Records of intraoperative and postoperative variables were maintained for all patients. The comparison of continuous numerical data was 
done using the Independent t-test and categorical non-numerical data using the chi-square (χ2) test. P-values of <0.05 were considered significant.

Results: This study includes 58 patients who were randomized into two groups with 29 patients each. No significant difference was noted for 
postoperative variables, such as the visual analog score for pain, drain placement duration, hospitalization duration, and time to return to daily 
activity. Intraoperative variables, such as total operative time (148.56 minute vs. 114.28 minute, p-value=0.001) and intraoperative blood loss (68.4 
mL vs. 59.2 mL, p-value=0.001) were significantly lesser and favored robot-assisted pyeloplasty over conventional laparoscopic pyeloplasty.

Conclusion: In favor of robot-assisted pyeloplasty, both statistically and clinically intraoperative time was lesser, but intraoperative blood loss was 
lesser only statically and not clinically.
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Introduction

The management of ureteric pelvic junction obstruction (UPJO) has 
dramatically evolved over the past two decades. Laparoscopy has 
largely replaced open pyeloplasty and has become the standard of 
care for primary UPJO (1,2). However, conventional laparoscopic 
pyeloplasty (CLP) remains a technically demanding procedure that 
requires advanced intracorporeal suturing skills (3).

The availability of robotic platforms has altered the way 
urologists approach various complex reconstructive procedures. 
The need for precise intracorporeal suturing makes pyeloplasty 
a likely procedure, which would benefit from robotic assistance. 
Therefore, this randomized study aimed to compare functional 
and surgical outcomes following CLP and robot-assisted 
laparoscopic pyeloplasty (RALP) to explore this issue.

Materials and Methods

The study was conducted between June 2015 and Mar 2018 in a 
tertiary care center in Northern India. All patients of congenital 
UPJO presenting with pain, recurrent urinary tract infection, 
secondary renal calculus, or deteriorating renal function were 
randomized and recruited. Patients with secondary/recurrent 
UPJO were excluded from the study. The primary objective was to 
compare the success rate of the procedures between the two groups 
by demonstrating non-obstructed drainage and postoperative 
symptom resolution, with secondary objectives to compare surgical 
parameters like total operative time, total blood loss, intraoperative 
complications, postoperative pain, and durations of drain 
placement, hospitalization, and return to daily activity.

Statistical Analysis

Descriptive statistics were used to characterize the demographic 
data, laterality of obstruction (right/left), indication of surgery 
(pain, incidental detected), intraoperative finding, complications 
and success of surgery. Mean and standard deviation was used 
for quantitative continuous variables. Categorical non numerical 
data analysis was done with chi square test. The p value of <0.05 
was considered statistically significant.

Catering to an alpha error of 5% and power of study as 80%, a 
sample size of 50 cases (25 cases in each group) was calculated. 
The feasibility of 10% lost to follow-up was factored in, thus we 
enrolled 58 cases in total (29 cases each group).

This single-center prospective randomized controlled trial 
randomized patients (1:1) using computer-generated random 
numbers into the two groups. Random numbers were generated 
using the RAND function of MS Excel. They were divided into 
two equal groups. The results were kept in serially numbered, 
sealed, opaque envelopes. These envelopes were kept with a 
third person. Once the patient was enrolled, a call was given 

to the third person to ascertain the group. Both surgeon and 
patient were informed about the technique only on the morning 
of the surgery, thus making it a double-blinded study.

The approval of the institutional ethical committee was obtained 
(Army Hospital (R & R), Delhi Cannt, approval number: 75/2015, 
date: 30.08.2015). Written informed consent was taken from all 
patients. Preoperative data recorded included age, sex, obstruction 
laterality, surgery indication, clinical abdominal findings, 
hemoglobin, blood urea, and serum creatinine levels. Anatomical 
radiological evaluation in ultrasonography and functional 
radiological evaluation in intravenous urography and Diethylene 
Triamine Penta Acetate (DTPA) renogram were also performed.

All surgical procedures were performed by consultants with 
equivalent experience. All surgeries were performed under 
general anesthesia in full lateral position after antibiotic 
prophylaxis administration (third-generation cephalosporin). 
Retro-grade pyelography was done before each surgery. Pneumo-
peritoneum was created using the veress needle technique. For 
RALP, one camera and two robotic arms of the four-arm da Vinci 
Si surgical system were used with one additional 10-mm port 
for the assistant for suctioning or passage of suture materials 
and another 5-mm port for liver retraction (if required on the 
right side) (Figure 1). For CLP, one 10-mm camera port and 
two working ports were used (one 10 mm and another 5 mm) 
(Figure 2). All patients underwent Anderson Hynes dismembered 
pyeloplasty using 4-0 vicryl sutures and intra-operatively 
antegrade Double-J stent (DJS) placement. Intra-operatively 
recorded parameters included the nature of the obstruction, 
surgery duration, blood loss, intraoperative complication, and 
instances involving conversion to an open approach. At the 
end of the procedure, a 20 French Foley catheter and 26 French 

Figure 1. Port placement for right-sided robot-assisted pyeloplasty. *5-
mm port used for right-sided pyeloplasty to retract the lobe of the liver 
(If required). †10-mm assistant port used for suction and passage of suture 
material
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abdominal drains were placed in each case. Foley catheter was 
removed on a postoperative day (POD) 3 or 4. The abdominal 
drain was subsequently removed, once the drain output was less 
than 30 milliliters per day for two consecutive days.

In the immediate postoperative period, patients were monitored 
for any surgical complication, pain severity, which was assessed 
using the visual analog score (VAS) for three consecutive 
days, analgesia requirement (injection of tramadol at 50 mg 
intravenous was administered if patients had VAS of 2 or more 
on that day), hospital stay duration, drain placement duration, 
and time to return to daily activity.

Patients were followed up at 2 (for DJS removal) and 4 months 
(for DTPA scan) post-operatively. Additionally, a note was made 
of any postoperative complications.

Our study revealed a 100% success rate in both groups, which was 
defined by resolution of patient’s symptoms and demonstration 
of non-obstructed drainage on postoperative DTPA scan.

Results

This study included 58 patients with congenital UPJO (29 patients 
in each group) who underwent surgical management during the 
study period at our center. Complete data were available for all 
patients at the end of the study period. Basic demographic data 
are shown in Table 1. No statistically significant difference was 
found between the two groups concerning age, sex distribution, 
and obstruction laterality. Our study revealed a marginally 
higher percentage of patients who presented with symptoms 
in the CLP group compared to the RALP group; however, this 
difference also was statistically insignificant.

Among the intraoperative variables (Table 1), crossing vessel 
was relatively more frequently seen in the RALP group, but 

generally, aperistaltic/stenotic segment was noted as the 
most common etiology of obstruction in both groups. This 
variable was statistically insignificant in our study. The mean 
total operative time in the CLP group, which included time for 
pneumo-peritoneum creation, port placement, and surgical 
procedure, was noted as 34.28 min more than the RALP 
group, which includes time for pneumo-peritoneum creation, 
port placement, docking time, console time, and undocking 
time. Similarly, the total blood loss in the CLP group was 
noted as 9.2 mL more than the RALP group. Reduction in 
both intraoperative time and blood loss was statistically 
significant and in favor of the RALP group. No intraoperative 
complications or conversion to an open approach was noted 
in either of the groups.

Among the postoperative variables (Table 2), the VAS score 
on POD 1/2/3, number of days of analgesia requirement, days 
of abdominal drain placement, hospitalization duration, and 
days required to return to daily activity were comparable and 
statistically insignificant between both groups. In both groups, 
no postoperative complications were noted, and all 29 cases in 
both groups demonstrated a non-obstructed flow pattern on 
follow-up with DTPA scan after 4 months.

Discussion

One of the most significant advances in the surgical field of the 
twenty-first century has been the introduction of laparoscopic 
surgery. Compared to open surgery, the major advantages 
of laparoscopic surgery include better cosmetics, lower 

Table 1. Preoperative and intraoperative characteristics
Characteristics CLP RALP p-value

Number of patients 29 29 -

Age in years 35.44+10.25 33.96+8.85 0.58

Sex (female/male) 13/16 10/19 0.38

Side (left/right) 13/16 17/12 0.25

Presentation

Incidentally detected 7 8 0.73

Symptomatic (Pain) 22 21 0.73

Intraoperative finding

Crossing vessel 8 10 0.52

Aperistaltic/stenotic 
segment 21 19 0.52

Total operative time 
(minutes) 148.56+15.15 114.28+12.98 0.001

Total blood loss 
(milliliter) 68.4+7.86 59.2+9.8 0.001

Intra-op complications Nil Nil -

CLP: Conventional laparoscopic pyeloplasty, RALP: Robot-assisted laparoscopic 
pyeloplasty

Figure 2. Port placement for left-sided laparoscopic pyeloplasty. *5-mm port 
used by the surgeon for holding tissue. †10-mm port used for passage of 
needle with suture material, suction, etc.
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postoperative pain, reduced intraoperative blood loss, reduced 
hospital stay duration, and early return to daily activities despite 
having similar functional and oncological outcomes. A few of the 
major limitations of laparoscopic surgery are counter-intuitive 
and scaled-up movements, ergonomically tiring for surgeons, 
and lack of three-dimensional vision. All these ultimately lead 
to a steep learning curve.

With the introduction of robotic platforms in urology since the 
early 2000s, many of these limitations have been overcome. The 
major advantages of robotic surgery compared to laparoscopy 
include three-dimensional vision, elimination of tremors, and 
a better range of movements. With the wider availability of 
robotic devices, an increasing number of procedures, which were 
initially done using laparoscopy, are now done using robotic 
platforms worldwide with excellent outcomes. However, the 
limitations with robotic surgery include the associated higher 
costs and requirement of larger space in the operating room.

A recent systematic review and meta-analysis by Autorino et al. 
(4) confirmed that laparoscopy represents an effective and less 
invasive technique of pyeloplasty, but RALP is likely to emerge 
as the new minimally invasive standard of care wherever robotic 
technology is available due to its precise suturing and shorter 
learning curve. Previous studies compared RALP with CLP and 
revealed advantages in RALP in respect of total operative time, 
intraoperative blood loss, and length of hospitalization but 
revealed comparable results for postoperative complication and 
success rate (5-7). 

A statistically significant difference was found in the mean 
total operative time of 34.28 min favoring the RALP group in 
our study. This finding was found consistent with other studies 
in the literature. Hemal et al. (6) (98 min in RALP vs. 145 min 
in CLP), Kumar and Nayak (8) (129 min in RALP vs. 150 min 
in CLP), and Pahwa et al. (9) (141.73 min in RALP vs. 191.56 
min in CLP) also demonstrated statistically significant reduction 
favoring the RALP group in their respective studies. The reduced 

operative time in the RALP group is probably due to the better 
three-dimensional vision, tremor elimination, and better range 
of movements compared to the CLP group.

Our study revealed a statistically significant reduction in the total 
blood loss favoring the RALP group. Similarly, other studies in 
the literature have demonstrated similar findings. Hemal et al. 
(6) (40 mL in the RALP vs. 101 mL in the CLP group) and Pahwa 
et al. (9) (46.37 mL in the RALP vs. 55.24 mL in the CLP group) 
demonstrated a statistically significant reduction in the total 
blood loss favoring the RALP group (6,9). We feel that the reduced 
blood loss in the RALP group is associated with better vision, 
which results in more accurate dissection and precise hemostasis.

Additionally, in our study, we did not find any statistically 
significant difference between VAS scores between the two 
groups on POD 1/2/3. Pahwa et al. (9) demonstrated comparative 
postoperative pain scores between both the groups (4.77 in the 
CLP group and 4.16 in the RALP group). Likewise, Riachy et al. 
(10) involved the pediatric population and revealed comparable 
pain scores between the two groups.

Our study revealed a comparable mean number of days of 
keeping the abdominal drain following the surgery between the 
two groups. Consistent with our findings, Kumar and Nayak (8) 
(1.36 days for CLP vs. 1.58 days for RALP) and Pahwa et al. (9) 
(2.68 days for CLP vs. 2.03 days for RALP) also demonstrated 
comparable results. The requirement of longer duration of drain 
placement in our study (4.16 days in RALP versus 3.96 days in 
CLP) compared to the above-mentioned studies was due to the 
removal of drain only when the output was <30 mL per day for 2 
consecutive days (as per our institutional protocol), whereas the 
drains were removed once the output was <50 mL over 24 h in 
both other studies.

Our study revealed a comparable number of hospitalization 
days between both groups. Similarly, Kumar and Nayak (8) (2.90 
days for CLP vs. 2.89 days for RALP) and Pahwa et al. (9) (3 
days for CLP vs. 2.45 days for RALP) found comparable results. 
Contrary to these findings, Braga et al. (11) revealed that the 
hospital stays in the RALP was significantly lesser than the CLP 
group, (weighted mean difference: -0.5 days; 95% confidence 
interval: -0.6-0.4; p<0.01). The longer average duration of 
hospital stays in our study compared to the above-mentioned 
studies was attributable to the longer duration of abdominal 
drain placement in our patients.

The number of days required for the patient to return to daily 
activity was similarly comparable between the two groups in 
our study. We could not find any other study in literature which 
compared CLP and RALP concerning return to daily activity; 
however, Lasmar et al. (12) revealed that the time to return 
to normal activities following CLP ranged from 10 to 28 days 
(median 15 days).

Table 2. Postoperative comparison
Characteristics CLP RALP p-value

VAS on post op day 1 4.86+0.33 4.66+0.51 0.11

VAS on post op day 2 2.84+0.40 2.78+0.32 0.56

VAS on post op day 3 1.26+0.41 1.14+0.36 0.28

Days analgesia Given 2.08+0.27 2.04+0.20 0.56

Days drain kept 4.16+0.62 3.96+0.67 0.28

Total hospitalization (Days) 5.16+0.85 4.96+0.88 0.42

Return to daily activity (Days) 20.4+2.6 20.2+2.4 0.8

Post op complication Nil Nil -

Success of surgery 100% 100% -

CLP: Conventional laparoscopic pyeloplasty, RALP: Robot-assisted laparoscopic 
pyeloplasty
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In both, groups in our study, no intraoperative or postoperative 
complication and requirement for conversion to open approach 
were found. Similarly, Gettman et al. (5) and Kumar and 
Nayak (8) demonstrated no intraoperative complications or 
requirement for conversion to an open approach. Pahwa et al. 
(9) revealed a complication rate of 11.4% in the CLP group and 
8% in the RALP group, all of which were Clavien grade one or 
two, mainly prolonged drain output, UTI, and gut injury.

Our study had a 100% success rate for both groups. Similarly, 
Kumar and Nayak (8) revealed a 100% success rate for both groups 
in their study. Other studies revealed comparable outcomes 
between the two groups, with Gettman et al. (5), demonstrating 
no recurrence following the RALP group versus one recurrence 
following the CLP out of 30 cases in each group at 18 months 
postoperative follow-up and Pahwa et al. (9) demonstrated 
recurrence in one case each out of 30 in both groups. All these 
studies, like ours, confirm the comparable functional outcome 
for both modalities of treatment if meticulously performed.

Study Limitatons

The limitation of our study include the small sample size and the 
fact that the operating surgeons already had vast experience 
and were well versed in laparoscopic pyeloplasty at the start 
of the study, but due to the recent installation of Da Vinci Si 
Robotic surgical platform at our institute, the experience of the 
whole team in robotic procedures were limited, which could 
lead to a bias and inadvertently increased operative time in the 
RALP group at least during the first half of our study.

Conclusion

Finally, our study revealed a statistically significant reduction in 
both; however, the total operative time and intraoperative blood 
loss favoring RALP, of these only a reduction of intraoperative time 
by 34.28 min favoring RALP were clinically significant, whereas 
marginally lesser intraoperative blood loss by 9.2 mL favoring 
RALP was not clinically significant. All other postoperative surgical 
and functional parameters were comparable in both groups. Our 
study results were consistent with previously published studies as 
expected since, ultimately, robotic assistance refines laparoscopy 
in terms of precision of suture placement and tissue dissection 
and unchanged basic surgical approach.
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