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Abstract
Evidence supporting the safe use of the single-port (SP) robot for partial nephrectomy is scarce. The purpose of this study 
was to compare perioperative outcomes for patients undergoing robotic assisted SP vs multi-port (MP) partial nephrectomy 
(PN) in a time-matched cohort. All patients with clinically localized renal masses who underwent robotic PN from January 
2019 to March 2020 were evaluated. Patients were stratified according to SP vs MP approach. Postoperative analgesia was 
administered in accordance with department-wide opioid stewardship protocol and outpatient opioid use was tracked. Total 
of 78 patients underwent robotic PN with 26 patients in the SP cohort. The majority of renal masses had low-complexity (53, 
67.9%) R.E.N.A.L. nephrometry scores, without a significant difference between the two cohorts (p = 0.19). A retroperito-
neal approach was performed in 16 (20.5%) patients overall, though more commonly via the SP robotic approach (13 vs 3, 
p < 0.001). Mean operative time for SP cases was 183.9 ± 63.5 min vs 208.6 ± 65.0 min in the MP cohort (p = 0.12). Rate of 
conversion to radical nephrectomy was 3.8% vs 9.6% for SP vs MP cases, respectively, (p = 0.37). The majority of patients 
were discharged on postoperative day one (67.9%) irrespective of operative approach (p = 0.60). There were no differences 
in inpatient milligram morphine equivalents administered (MME, p = 0.08) or outpatient postoperative MME prescribed 
(p = 0.21) between the two cohorts. In this retrospective single-institution study, SP robotic approach offers similar short-
term perioperative outcomes to MP platforms for minimally invasive, nephron-sparing surgery. Using the SP system was 
not associated with a reduction in postoperative opioid analgesic requirements.
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Introduction

The American Cancer Society predicts an estimated 73,750 
new cases of renal cell carcinoma (RCC) in the United 
States in 2020 [1]. The majority of newly discovered renal 
masses are clinically T1; thus, amenable to nephron-sparing 

extirpative approaches to preserve renal function [2, 3]. 
Since up to 20% of small renal masses are benign and open 
partial nephrectomy carries significant morbidity, the Amer-
ican Urological Association and European Association of 
Urology support a minimally invasive conventional laparo-
scopic or robot-assisted laparoscopic approach to minimize 
blood loss, perioperative pain, length of stay, and long-term 
convalescence [3, 4].

The da Vinci single-port (SP) robotic platform (Intuitive 
Surgical, Sunnyvale, CA) gained US Food and Drug Admin-
istration approval for urologic surgery in 2018 and permits 
true single-incision robotic surgery through a 2.5 cm, multi-
channel trocar [5, 6]. While several series have demonstrated 
comparable safety and oncologic efficacy between the SP 
and multi-port (MP) approach for radical prostatectomy, evi-
dence in support of using this platform for nephron-sparing 
surgery is scarce [5–12]. Given the prevalence of intra- and 
perioperative complications reported for minimally invasive, 

 *	 Zachary A. Glaser 
	 zglaser@uabmc.edu

1	 Department of Urology, University of Alabama 
at Birmingham, Faculty Office Tower 1107, 510 20th Street 
South, Birmingham, AL 35294, USA

2	 Department of Pathology, University of Alabama 
at Birmingham, Birmingham, AL, USA

3	 O’Neal Comprehensive Cancer Center at UAB, University 
of Alabama at Birmingham, Birmingham, AL, USA

4	 Department of Radiology, University of Alabama 
at Birmingham, Birmingham, AL, USA

http://orcid.org/0000-0002-6038-0987
http://crossmark.crossref.org/dialog/?doi=10.1007/s11701-021-01271-y&domain=pdf


696	 Journal of Robotic Surgery (2022) 16:695–703

1 3

nephron-sparing surgery, evaluation of the safety and effi-
cacy of the SP robotic system for this procedure is of para-
mount importance [13–15].

The purpose of this study was to evaluate safety and post-
operative opioid analgesic requirements in a contemporary 
cohort of adults undergoing partial nephrectomy (PN) for 
clinically localized renal masses comparing SP and MP 
robotic platforms.

Methods

Patient accrual and study design

All patients with clinically localized renal masses who 
underwent robotic PN from January 2019 to March 2020 at 
our institution were eligible for inclusion in this retrospec-
tive cohort comparison study. Preoperative demographic 
and clinical information, mass characteristics, postopera-
tive course, and post-hospitalization opioid medication use 
were obtained via chart review under Institutional Review 
Board approval. Estimated blood loss (EBL) was stratified 
by greater or less than 500 mL to avoid challenges interpret-
ing mean EBL which, can be skewed by select cases with 
blood loss drastically greater or less than the norm [16].

Preoperative cross-sectional imaging and radiology 
reports were used to calculate the R.E.N.A.L. (radius, 
endophytic/exophytic, nearness, anterior/posterior, loca-
tion) nephrometry score [17]. Patients underwent either a 
MP (da Vinci Xi or Si, Intuitive Surgical, Sunnyvale, CA), 
or SP PN based on operating room availability. A transperi-
toneal (TP) or retroperitoneal (RP) approach was utilized 
based on tumor location, size, and surgeon preference. All 
MP PNs were performed by one of five fellowship-trained 
urologic oncologists with extensive multi-port robotic plat-
form training and clinical experience. Two of those five 
urologic oncologists performed all SP procedures, and they 
preferentially utilized this platform if it was available. Both 
urologic oncologists have utilized the SP platform for mini-
mally invasive procedures since it was first made available at 
our institution in 2019. Complications were recorded using 
the Clavien–Dindo classification system [18]. Final surgi-
cal pathology was reported according to 2016 World Health 
Organization/International Society of Urological Pathology 
classification [19]. Surgical margin positivity was not com-
pared due to the controversial prognostic implications of this 
finding and the operative heterogeneity of enucleation and 
wedge resections across both cohorts [20, 21].

Surgical approach

For patients who underwent SP PN, the transperitoneal 
approach was performed by positioning patients in the 

modified flank position. A 3 cm midline incision above 
the umbilicus was made to accommodate a GelPort MINI 
(Applied Medical, Rancho Santa Margarita, CA), which in 
turn allowed for SP trocar and 12 mm AirSeal assistant port 
(ConMed Corp., Utica, NY) placement through a single inci-
sion. For anatomically challenging cases, a separate incision 
was made inferior to the xyphoid process or in the ipsilat-
eral lower quadrant to accommodate an 8 or 12 mm AirSeal 
assistant port. The retroperitoneal approach was performed 
in a full flank position. The 3 cm horizontal incision for the 
GelPort MINI was made medial to the tip of the 12th rib. 
A separate assistant port was placed medially in line with 
the umbilicus after the retroperitoneal working space was 
bluntly developed if needed (Fig. 1).

The transperitoneal MP PN was performed in the modi-
fied flank position in the traditional manner by placing three 
8 mm trocars and an 8 mm (Xi) or 12 mm (Si) camera port 
linearly along the midclavicular line on the ipsilateral side of 
the tumor. The AirSeal assistant port was placed superior to 
the umbilicus. For the retroperitoneal MP approach, patients 
were placed in formal flank position. Retroperitoneal access 
was achieved by making a 1–1.5 cm incision two finger-
breadths below the midpoint between the 11th and 12th ribs. 
A Spacemaker balloon (Medtronic, Minneapolis, MN) was 
used to develop the retroperitoneal working space. The ini-
tial incision served as the camera port and three additional 
8 mm working ports were placed in line with the camera port 
and the umbilicus. An additional 12 mm AirSeal port was 
placed inferior to the camera port.

All patients received 5000 u heparin and antibiotics 
preoperatively. Hilar exposure was performed in all cases 
but decision to clamp the renal artery and/or vein prior to 
tumor extirpation and renorrhaphy was made based on sur-
geon preference. The two surgeons performing SP as well 
as some MP PNs favored ‘off-clamp’ tumor extirpation 
whereas the other three surgeons performing MP-only PN’s 
performed hilar clamping routinely. The two SP surgeons 
have 7- and 9-year post-fellowship operative experience, 
one MP surgeon has 13-year experience and the other two 
MP surgeons each have greater than 1-year post-fellowship 
operating experience. The decision to leave a perinephric 
drain postoperatively was based on surgeon preference and 
case complexity. All patients were continued on prophylactic 
heparin or enoxaparin while admitted.

Postoperative opioid management

Baseline opioid use was defined as filling an opioid nar-
cotic prescription within 3 months of surgery according 
to the Alabama Prescription Drug Monitoring Program 
(AL-PDMP), which reports opioid prescriptions nation-
wide. Postoperative analgesia was managed in accordance 
with department-wide opioid conservation efforts: unless 
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contraindicated, all patients receive scheduled acetami-
nophen. A low (5 mg) and moderate dose (10 mg) oral opi-
oid narcotic (oxycodone or hydrocodone) were available. For 
patients with persistent intolerable pain, non-narcotic anal-
gesics such as muscle relaxers (i.e., methocarbamol) and/or 
neuralgesics (i.e., gabapentin) were administered prior to 
any additional oral or intravenous opioids. Inpatient analge-
sic administration was dictated by self-reported pain severity 
from 0 to 10. Mild pain (1–3) was managed by oral acetami-
nophen, moderate pain (4–6) with a 5 mg oral opioid, severe 
pain (7–10) with a 10 mg oral opioid and persistent or break-
through pain with muscle relaxers, neuralgesics or intrave-
nous opioids as a last resort. Upon discharge, all patients are 
instructed to take alternating doses of acetaminophen and 
ibuprofen prior opioid use. Patients are prescribed no more 
than 8 5 mg oxycodone or 14 5/325 mg oxycodone/aceta-
minophen tablets (if ibuprofen is medically contraindicated) 
following surgery. Additional measures such as transverse 
abdominis plane blocks were not routinely used.

The AL-PDMP was reviewed to identify opioid prescrip-
tions filled postoperatively. Additional opioid prescriptions 
were defined as any additional opioid prescription filled 
within 3 months of surgery. Milligram morphine equiva-
lents (MMEs) were calculated for all inpatient and outpatient 
opioid use for standardization [22, 23].

Statistical analysis

Statistical analysis was performed using Stata SE v12.1 soft-
ware (College Station, TX, USA). Group categorical and 
continuous variables were compared using χ2 and t tests, 
respectively. Fischer exact modifications were made for the 
χ2 test in situations where frequency of a categorical vari-
able necessitated adjustment. A p value less than 0.05 was 
considered statistically significant.

Results

From January 2019 to March 2020, 78 patients underwent 
robotic PN. Among these, 26 (33.3%) were performed using 
the SP platform. No significant differences in average age, 
BMI, gender, ECOG performance status, or history of prior 
abdominal surgery between the two cohorts were observed. 
Baseline opioid use was present in 24 (30.8%) of all patients, 
and this was not significantly different between the two 
cohorts. Additional preoperative information is summarized 
in Table 1.

The majority of all renal masses were cT1a (52, 66.7%) 
without a laterality predominance (p = 0.34). Most masses 
were low- (53, 67.9%) or moderate-risk (23, 29.5%) for 

Fig. 1   Port configuration for SP robotic retroperitoneal (a) and trans-
peritoneal (b) partial nephrectomy. The retroperitoneal approach is 
conducted in a formal flank position and the transperitoneal approach 
is achieved in a modified flank position. Both SP approaches utilize 

a 3 cm single incision to accommodate the robotic arm and AirSeal 
port. A separate 1 cm incision for an AirSeal assistant port for chal-
lenging cases is possible
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perioperative complications according to R.E.N.A.L. 
nephrometry score calculations. These factors did not 
significantly differ when stratified by SP vs MP approach 
(Table 2). No significant difference in mean tumor size 
between the SP and MP cohorts was observed (3.5 ± 1.3 cm 
vs 3.3 ± 1.6 cm, respectively, p = 0.55). A greater proportion 
of SP cases involved posterior or mid-axis tumors compared 
to MP cases (20, 76.9% vs 33, 63.5%) but this was not sta-
tistically significant (p = 0.48).

Significantly more SP cases were performed ‘off-clamp’ 
(24/26 or 92%) whereas hilar clamping was utilized for 
32/52 (61.5%) of the MP cohort (p < 0.001). A retroperi-
toneal approach was performed in 13 (50%) and 3 (5.8%) 
SP and MP cases, respectively (p < 0.001). Mean operative 
time for all patients was 190 min. No significant differ-
ence were observed when stratified by SP vs MP approach 
(183.9 ± 63.5 min vs 208.6 ± 65.0 min, p = 0.12). A separate 
AirSeal port was utilized in 16 (61.5%) SP cases. Using a 
separate assistant port did not impact mean SP case opera-
tive time (p = 0.73).

While occurring at a higher relative incidence in the SP 
cohort, episodes of EBL > 500 mL did not significantly dif-
fer between the SP (8, 30.8%) and MP cohorts (8, 15.4%, 
p = 0.11). Transfusion requirement was overall higher in 
the SP cohort (3/26 vs 1/52) but not statistically signifi-
cant (p = 0.07). Subgroup analysis revealed incidence of 
EBL > 500 mL did not significantly differ in the setting of 
hilar clamping (p = 0.98) or according to transperitoneal vs 
retroperitoneal approach (p = 0.62). Significant EBL did not 

significantly differ when stratified by use of a separate assis-
tant port in the SP cohort (p = 0.95). Six patients required 
conversion to radical nephrectomy in the entire study, with 
no significant difference between the SP and MP cohorts (1 
vs 5, p = 0.37).

There were six observed complications in the entire 
cohort: two Clavien–Dindo II complications, three Cla-
vien–Dindo III and one Clavien–Dindo IV. The three Cla-
vien–Dindo III complications were postoperatively discov-
ered collecting system injuries necessitating ureteral stent 
placement (two SP, one MP, p = 0.21). The Clavien–Dindo 
IV complication in the MP cohort was a postoperative cere-
brovascular accident. The overall incidence of complications 
did not differ between the two cohorts (p = 1.0). Additional 
intraoperative information is outlined in Table 3.

Most patients were discharged on postoperative day one 
(53, 67.9%), and overall length of stay did not significantly 
differ between the two cohorts (p = 0.60). Mean postopera-
tive inpatient MME was not significantly different between 
the SP and MP cohorts although there was a trend towards 
lower MME administration in the SP arm (63.1 vs 95.8 
MME, p = 0.08).

Nearly all patients were prescribed an opioid pain medi-
cation at discharge (73, 93.6%), and 62 (79.5%) filled their 
prescription. Ten opioid pills were prescribed on aver-
age, and this did not significantly differ between SP and 
MP cohorts (p = 0.17, Table 3). There were a significantly 
higher number of MP patients who received a non-narcotic 
analgesic prescription (24, 46.2%) compared to SP patients 

Table 1   Baseline patient clinical and demographic information

*Mean preoperative daily MME only reflects patients who were taking chronic narcotic pain medications at baseline

All patients (n = 78) SP approach (n = 26) MP approach (n = 52) p

Mean age, years (range) 54.9 ± 13.4 (26–81) 58.4 ± 13.4 (31–81) 53.2 ± 13.2 (26–78) 0.11
Sex 0.16
 Male 55 (70.5%) 21 (80.8%) 34 (65.4%)
 Female 23 (29.5%) 5 (19.2%) 18 (34.6%)

Race 0.081
 White 48 (61.5%) 18 (69.2%) 30 (57.7%)
 Black 23 (29.5%) 4 (15.4%) 19 (36.5%)
 Asian 1 (1.3%) 1 (3.8%) –
 Other/unknown 6 (7.7%) 3 (11.5%) 3 (5.8%)

Mean BMI (kg/m2, range) 33.3 ± 7.4 (18.6–61.1) 32.5 ± 6.6 (24.0–53.0) 33.8 ± 7.8 (18.6–61.1) 0.48
ECOG 0.66
 0 73 (93.6%) 25 (96.2%) 48 (92.3%)
 1 5 (6.4%) 1 (3.8%) 4 (7.7%)

eGFR < 60 mL/min 15 (19.2%) 5 (19.2%) 10 (19.2%) 0.39
Prior abdominal surgery 39 (50%) 12 (46.2%) 27 (51.9%) 0.63
Baseline preoperative opioid use 24 (30.8) 8 (30.8%) 16 (30.8%) 1.0
 Mean preoperative daily MME (range)* 30.9 ± 18.8 (12–90) 26.7 ± 6.4 (20–37.5) 33.1 ± 22.5 (12–90) 0.45

Substance abuse 5 (6.4%) 1 (3.8%) 4 (7.7%) 0.50
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Table 2   Perioperative tumor characteristics

All patients (n = 78) SP approach (n = 26) MP approach (n = 52) p

Preoperative information
 Laterality 0.34
  Right 42 (53.8%) 12 (46.2%) 30 (57.7%)
  Left 36 (46.2%) 14 (53.8%) 22 (42.3%)

 Mean tumor size, cm (range) 3.4 ± 1.5 (1–7.1) 3.5 ± 1.3 (1.5–5.9) 3.3 ± 1.6 (1–7.1) 0.55
 cT-stage 0.26
  1a 52 (66.7%) 18 (69.2%) 34 (65.4%)
  1b 18 (23.1%) 8 (30.8%) 10 (19.2%)
  2a 1 (1.3%) – 1 (1.9%)
  2b 1 (1.3%) – 1 (1.9%)
  3a 6 (7.7%) – 6 (11.5%)

 Centrality 0.13
  Endophytic 8 (10.3%) 5 (19.2%) 3 (5.8%)
  Greater than 50% exophytic 51 (65.4%) 17 (65.4%) 34 (65.4%)
  Less than 50% exophytic 19 (24.4%) 4 (15.4%) 15 (28.8%)

 Anterior vs posterior 0.48
  Anterior 25 (32.1%) 6 (23.1%) 19 (36.5%)
  Posterior 26 (33.3%) 10 (38.5%) 16 (30.8%)
  Neither 27 (34.6%) 10 (38.5%) 17 (32.7%)

 Proximity to collecting system 0.60
  Greater than 7 mm 59 (75.6%) 18 (69.2%) 41 (78.8%)
  4–7 mm 15 (19.2%) 6 (23.1%) 9 (17.3%)
  Less than 4 mm 4 (5.1%) 2 (7.7%) 2 (3.8%)

 Polarity 0.80
  Does not cross a polar line 39 (50%) 12 (46.2%) 27 (51.9%)
  Partially crosses 22 (28.2%) 9 (34.6%) 13 (25%)
  Greater than 50% crosses 8 (10.3%) 2 (7.7%) 6 (11.5%)
  Crosses midline of kidney 4 (5.1%) 2 (7.7%) 2 (3.8%)
  Entirely between polar lines 5 (6.4%) 1 (3.8%) 4 (7.7%)

 Hilar tumor 5 (6.4%) 2 (7.7%) 3 (5.8%) 0.74
 Nephrometry score 0.71
  4 22 (28.2%) 7 (26.9%) 15 (28.8%)
  5 13 (16.7%) 4 (15.4%) 9 (17.3%)
  6 18 (23.1%) 6 (23.1%) 12 (23.1%)
  7 10 (12.8%) 4 (15.4%) 6 (11.5%)
  8 10 (12.8%) 2 (7.7%) 8 (15.4%)
  9 3 (3.8%) 1 (3.8%) 2 (3.8%)
  10 1 (1.3%) 1 (3.8%) –
  11 1 (1.3%) 1 (3.8%) –

 Nephrometry score risk class 0.19
  Low 53 (67.9%) 17 (65.4%) 36 (69.2%)
  Moderate 23 (29.5%) 7 (26.9%) 16 (30.8%)
  High 2 (2.6%) 2 (7.7%) –

Final surgical pathology 0.74
 Benign 7 (9%) 2 (7.7%) 5 (9.6%)
  AML 3 (42.8%) 2 (7.7%) 1 (1.9%)
  Oncocytoma 2 (28.5%) – 2 (3.8%)
  Cyst 1 (14.3%) – 1 (1.9%)
  Juxtaglomerular cell tumor 1 (14.3%) – 1 (1.9%)

 Malignant 71 (91%) 24 (92.3%) 47 (90.3%)
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Table 2   (continued)

All patients (n = 78) SP approach (n = 26) MP approach (n = 52) p

  ccRCC​ 44 (62.0%) 14 (53.8%) 30 (57.7%)
  papRCC​ 16 (22.5%) 6 (23.1%) 10 (19.2%)
  Chromophobe 6 (8.5%) 3 (11.5%) 3 (5.8%)
  Clear cell papillary 2 (2.8%) – 2 (3.8%)
  Eosinophilic, solid and cystic 1 (1.4%) – 1 (1.9%)
  Xp11 translocation 1 (1.4%) 1 (3.8%) –
  Mucinous tubular and spindle cell 

carcinoma
1 (1.4%) – 1 (1.9%)

 pT-stage 0.17
  1a 45 (63.4%) 12 (46.2%) 33 (63.4%)
  1b 13 (18.3%) 6 (23.1%) 7 (13.5%)
  2a 2 (2.8%) – 2 (3.8%)
  2b – – –
  3a 11 (15.5%) 6 (23.1%) 5 (9.6%)

 pN stage
  NX 71 (100%) 24 (92.3%) 47 (90.3%)

Table 3   Perioperative information and postoperative outcome

All patients (n = 78) SP approach (n = 26) MP approach (n = 52) p

Operative details
 Retroperitoneal approach 16 (20.5%) 13 (50%) 3 (5.8%)  < 0.001
 Off-clamp 44 (56.4%) 24 (92.3%) 20 (38.5%)  < 0.001
 Assistant port – 16 (61.5%) –
 Conversion to radical nephrectomy 6 (7.7%) 1 (3.8%) 5 (9.6%) 0.37
 Mean operative time, min (range) 200.4 ± 65.2 (101–357) 183.9 ± 63.5 (114–349) 208.6 ± 65.0 (101–357) 0.12
 EBL greater than 500 mL 16 (20.5%) 8 (30.8%) 8 (15.4%) 0.11
 Complication 6 (7.7%) 3 (11.5%) 3 (5.8%) 0.36
 Clavien–Dindo classification 1.0
  II 2 (2.6%) 1 (3.8%) 1 (1.9%)
  III 3 (3.8%) 2 (7.7%) 1 (1.9%)
  IV 1 (1.3%) – 1 (1.9%)

Postoperative course
 Length of stay 0.60
  Discharged day of surgery 1 (1.3%) – 1 (1.9%)
  1 day 53 (67.9%) 19 (73.1%) 34 (65.4%)
  Greater than 1 day 24 (30.8%) 7 (26.9%) 17 (32.7%)

 Mean inpatient MME (range) 85.2 ± 77.2 (0–599.6) 63.1 ± 46.2 (0–204.5) 95.8 ± 86.7 (0–599.6) 0.08
 Prescribed opioid 73 (93.6%) 25 (96.2%) 50 (96.2%) 1.0
 Prescribed non-opioid analgesic 30 (38.5%) 6 (23.1%) 24 (46.2%) 0.041
 Opioid prescription filled 62 (79.5%) 20 (76.9%) 42 (80.8%) 0.69
 Mean # pills (range) 10 ± 7.6 (0–30) 8.3 ± 5.5 (0–20) 10.8 ± 8.4 (0–30) 0.17
 Mean prescribed MME (range) 77.2 ± 83.3 (0–630) 60.1 ± 42.7 (0–150) 85.7 ± 96.8 (0–630) 0.21
 Additional opioid prescribed 14 (17.9%) 3 (11.5%) 11 (21.2%) 0.24
  Mean # pills 26 ± 28.4 (5–112) 23.3 ± 15.2 (10–40) 27.5 ± 31.5 (5–112) 0.83

 Third opioid prescribed 2 (2.6%) – 2 (3.8%) 0.44
 Total perioperative MME 207.7 ± 272.3 149.0 ± 130.1 235.0 ± 316.4 0.20
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(6, 23.1%, p = 0.041). Operative time, EBL, complication 
occurrence, conversion to radical nephrectomy and length of 
stay were not significantly associated with being prescribed 
a non-narcotic analgesic prescription on univariate analyses.

Mean overall perioperative opioid use (inpatient + pre-
scribed) was 207.7MME, and while lower in the SP cohort 
(149.0 vs 235.0MME) this was not statistically significant 
(p = 0.20). There was a nonsignificant but lower mean MME 
prescribed postoperatively in the SP cohort (60.1 vs 85.7 
MME p = 0.21), and fewer SP patients required an additional 
opioid (11.5% vs 21.2%, p = 0.24, Table 3). Total periopera-
tive MME did not significantly differ between the SP and 
MP cohorts when further stratified according to gender, 
transperitoneal or retroperitoneal approach (p > 0.05 for all 
subgroups). Use of an assistant port was not significantly 
associated with total perioperative MME requirements for 
SP cases (p = 0.25).

Final surgical pathology revealed RCC in 71/78 cases. 
Clear cell RCC (ccRCC) and papillary RCC (papRCC) were 
among the most common RCC subtypes (44, 62.0% and 16, 
22.5%, respectively). A total of 45 (63.4%) tumors were 
pT1a, 13 (18.3%) were pT1b, and 11 (15.5%) were pT3a. 
Regional node dissections were not performed in accord-
ance with society guidelines and thus were pNX in all cases. 
The incidence of benign vs malignant neoplasms, various 
RCC subtypes as well as pT-stage did not significantly differ 
between the SP and MP cohorts (Table 2).

Discussion

Single-site robotic assisted partial nephrectomy was first 
described by Kaouk et al. in 2009 using a multichannel 
gelport to accommodate a MP robot [24]. While safe and 
efficacious for small exophytic tumors in several multi-insti-
tutional series, trocar setup and hilar control can be chal-
lenging [12, 24–26]. Early evidence suggest the SP platform 
is safe for radical prostatectomy, but only few studies have 
evaluated perioperative outcomes for partial nephrectomy. 
Our initial experience demonstrated feasibility of perform-
ing an off-clamp SP PN and radical nephrectomy [10]. Na 
et al. recently described 14 patients undergoing either SP 
or MP PN, and no significant complications were observed 
perioperatively [8–11]. To our knowledge, the present 78 
patient study is the largest comparing SP vs MP PN and the 
largest retroperitoneal SP PN cohort reported to date.

Using the da Vinci SP platform to perform a PN via a 
transperitoneal and retroperitoneal approach appears safe 
and well tolerated in the present study. The incidence of 
conversion to radical nephrectomy and postoperative com-
plications were overall low and did not differ significantly 
between the two cohorts. While the higher incidence of 
EBL > 500 mL and rate of blood transfusion in the SP 

cohort is worth noting, these differences were not statisti-
cally significant and may reflect ‘on-’ vs ‘off-clamp’ pref-
erences, patient and/or perioperative factors not tracked 
in this study.

Though not statistically significant, the SP robotic system 
yielded a lower mean operative time despite our surgeons 
having vastly greater experience with the Si and Xi plat-
forms. This is likely multifactorial and may reflect fewer 
required port sites for the SP platform, ease of docking and 
potentially lowered learning curve for experienced robotic 
surgeons. This shorter operative time may be especially 
advantageous for a retroperitoneal approach using the SP 
robot given the challenges associated with developing an 
adequate working space to accommodate multiple ports 
required for MP platforms [26–28]. This could be evidenced 
by the significantly higher rate of retroperitoneal PN per-
formed in the SP cohort compared to the MP cohort in our 
study series.

In 2016, there were more than 2  million Americans 
with an opioid use disorder. Narcotic prescriptions as short 
as 6 days are associated with an increased risk of opioid 
dependence [29]. Resultantly, postoperative pain minimi-
zation and opioid stewardship have become increasingly 
important goals. Vigneswaran et  al. recently evaluated 
163 men who underwent SP or MP radical prostatectomy. 
Postoperative pain scores were significantly lower in the 
SP arm; however, no differences in total inpatient MME 
were observed [5]. While we similarly did not observe a 
significant decline in perioperative MME, mean total opioid 
administration (149.0 vs 235.0 MME, p = 0.20) and percent 
of patients requiring an additional opioid were insignifi-
cantly lower in the SP cohort (Table 3). This may be spuri-
ous or could reflect lower postoperative pain. Alternatively, 
recently implemented opioid stewardship efforts may have 
a greater impact on perioperative MME requirements than 
incisional size. While a significantly higher proportion of 
patients in the MP arm received a non-narcotic analgesic 
prescription, this discrepancy may not reflect patients’ true 
home medication regimens as all patients received written 
instructions to take acetaminophen and ibuprofen.

Our study has several acknowledged limitations. This was 
a retrospective, single-institution study. Selection bias influ-
encing the use of SP vs MP platform as well as a transperito-
neal vs retroperitoneal approach may have occurred. Opera-
tive time and EBL were derived from anesthetic records and 
other perioperative documents which are subject to error. 
While this represents the largest SP PN cohort to date, this is 
an admittedly small sample size lacking long-term oncologic 
follow-up and renal function monitoring. Intraoperative 
details such as the need to convert to radical nephrectomy 
and postoperative outcome including narcotic use may also 
reflect individual provider experience and counseling not 
captured in the present study.
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Future studies with a larger and thus optimally powered 
sample size may further stratify patients according to trans-
peritoneal and retroperitoneal approaches and better eluci-
date explanations for EBL discrepancies observed. Future 
studies may also assess the incidence of placing a second 
assistant port as well as any varying perioperative factors 
such as EBL and operative time as they may relate to the 
decision to perform ‘on- ’ vs ‘off-clamp’ extirpation. While 
introduction of a bulldog clamp without a dedicated 12 mm 
assistant port is feasible, it can be challenging and thus less 
desirable [12, 30]. Subsequent studies with long-term onco-
logic follow-up may also compare any prognostic implica-
tions of margin positivity in SP vs MP patient cohorts, as 
this finding on final surgical pathology remains controversial 
[31].

While postoperative opioid analgesia was only provided 
if patients met aforementioned criteria, objective 0–10 pain 
scores were not tracked for statistical analysis as the timing 
of acquisition as well as the temporal relationship to anal-
gesic administration was not standardized. Similarly, sur-
veying patients following discharge to quantify the number 
of opioid doses consumed may be an optimal modality to 
compare pain. Due to the large geographic area served by 
our institution, postoperative complications may have been 
addressed by other hospitals and thus not captured.

Conclusion

In this retrospective cohort study, the da Vinci SP platform 
offers similar perioperative and immediate postoperative 
outcomes to MP platforms for minimally invasive nephron-
sparing surgery. When compared to traditional multi-port 
platforms, the SP platform did not appear to significantly 
reduce postoperative opioid analgesic requirements.
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