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CHAPTER 10 

ROBOTIC NOTES (NATURAL ORIFICE TRANSLUMENAL 
ENDOSCOPIC SURGERY) IN RECONSTRUCTIVE UROLOGY: 
INITIAL LABORATORY EXPERIENCE 

Published in Urology. 2008 Jun;71(6):996-1000.  
 

ABSTRACT 

Objectives 

To present an initial experience with robotic natural orifice translumenal surgery (R-

NOTES) in reconstructive urology using the da Vinci® surgical system. 

Methods 

In 10 female farm pigs (mean weight, 34.5 kg), 10 pyeloplasties (right 5, left 5), 10 

partial nephrectomies (right 5, left 5), and 10 radical nephrectomies (right 5, left 5) were 

performed.  The robot telescope and the first robotic arm were placed through a single 2-cm 

umbilical incision, and the second robotic arm was placed through the vagina.  

Results 

All 30 R-NOTES procedures were performed successfully without any addition of 

laparoscopic port or open conversion. Mean length of the umbilical incision was 2.6 cm. 

Mean operative time was 154 minutes, and mean estimated total blood loss was 72mL. 

Mean warm ischemia time in the partial nephrectomy group was 25.4 min. There were no 

intraoperative complications. There were no robotic system failures during the entire 

experiment. We did not find any significant difference when comparing right-side and left-

side procedures. When analyzing the learning curve, only robot preparation time reached a 

statistically significant inverse correlation with increasing number of cases (r=-0.72, 

p=0.018). 

Conclusions 

Robotic NOTES pyeloplasty, partial nephrectomy, and radical nephrectomy are 

feasible and safe in the porcine model. This approach has the potential of a less morbid 

approach with scarless surgery.  Intracorporeal suturing is significantly enhanced using the 

robot, especially through the challenging translumenal natural orifice approach.  Further 
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development of robots adaptive to NOTES would boost efforts toward clinical NOTES 

applications. 

INTRODUCTION 

Laparoscopic surgery has gained wide acceptance and validity in urology because it 

is performed through tiny incisions that not only improves cosmesis but results in minimal 

abdominal wall trauma, less pain, and rapid recovery. To further optimize minimally 

invasive surgery, trans-umbilical single-port laparoscopy has been reported lately, using a 

single-port device that allow simultaneous introduction of a scope and two curved or flexible 

instruments [1-3]. Alternatively, NOTES using vaginal or gastric access has been 

investigated in the laboratory [4-6] with limited clinical applications [7].  Free-hand suturing 

using NOTES is challenging in the absence of port triangulation.  The da Vinci® system 

(Intuitive Surgical, Sunnyvale, CA) offers articulated laparoscopic instruments with wrist 

motion that assists particularly during suturing and knot tying.  We used the da Vinci® 

robot system to perform NOTES surgery, with a main focus on evaluating robotic 

intracorporeal suturing and knot tying during pyeloplasty and partial nephrectomy.  Herein 

we present our initial experience with R-NOTES. 

MATERIAL AND METHODS 

Study Protocol 

The study protocol was approved by our Institutional Animal Care and Use 

Committee and performed using 10 female farm pigs weighting 30 to 40.5 kg. All animals 

underwent a pyeloplasty followed by a radical nephrectomy on the same side. The animal 

was repositioned to perform a partial nephrectomy on the opposite side.  All animals 

provided acute data.  

Instrumentation 

The da Vinci® surgical system with 8-mm robotic instruments was used. A single 

port with three cannula (one cannula each for scope, CO2, insufflations, and instrument) 

(Uni-X™; Pnavel Systems, Morganville, NJ) was inserted in one fascial incision in the 

umbilicus.  Alternatively, two ports—a 12-mm standard trocar and an 8-mm robotic 

cannula—were inserted in two fascial incisions through a single 2-cm incision in the 

umbilicus. A flexible 12-mm cannula 20 cm long (US Endoscopy, Mentor, OH) served as a 

transvaginal port. 
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Installation 

After general endotracheal anesthesia, the 

animals were placed in the lateral flank position.  

Pneumoperitoneum was obtained using a Veress® 

needle.  A 2-cm skin umbilical skin incision was 

made, and a flap of periumbilical skin and 

subcutaneous tissue was raised to allow more lateral 

introduction of the port by displacing the skin incision 

laterally before introducing the port through the 

fascia (Figure 1.)   The vaginal port was placed 

through the posterior fornix of the vagina under 

laparoscopic monitoring. During a right-side 

procedure, the left robotic arm and the robotic 

laparoscope were placed through the umbilicus and the right robotic arm was inserted 

through the vagina. During a left-side procedure, the right robotic arm and the robotic 

laparoscope were placed through the umbilicus and the left robotic arm was inserted 

through the vagina (Figure 2).  

 
Figure 1. Intraoperative photograph of a 
single-port multi-cannula placed in the 
umbilicus and used to insert the robotic 
laparoscope and a robotic instrument. The 
third cannula was used for CO2 
insufflation only. 

Dismembered Pyeloplasty 

For dismembered 

pyeloplasty, a monopolar 

curved scissors and a 

grasper were placed on the 

right and left robotic arm, 

respectively. The ureter was 

transected at the 

ureteropelvic junction and then spatulated.  Using EndoWrist® needle drivers (Intuitive 

Surgical, Inc., Sunnyvale, CA), the anastomosis was performed with two 5-0 synthetic 

absorbable monofilament running sutures introduced through the vaginal port. 

Radical Nephrectomy 

Radical nephrectomy was performed after completing the pyeloplasty on the same 

kidney.  The renal hilum was dissected, the renal artery was clipped and divided, and the 

vein was stapled and divided using an XL Endo-GIA® (Covidien, Mansfield, MA) introduced 

through the vaginal port. The upper pole was freed from its attachments using the umbilical 

instrument while the transvaginal instrument applied caudal traction on the kidney.  The 

 
Figure 2. Robotic Arm Placement 
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kidney was extracted transvaginally using a 15-

cm Endocatch® bag (US Surgical, Norwalk, CT) 

(Figure 3).  

Partial Nephrectomy 

The animal was flipped to the opposite 

lateral flank position. En bloc dissection and 

preparation of the renal hilum were performed. 

Using a monopolar curved scissors and a grasper 

on the right and left robotic arms, respectively, 

lower pole partial nephrectomy was performed.  The vaginal port was used to introduce the 

pre-prepared sutures, surgical bolster, and the laparoscopic bulldog (MicroFrance, Saint-

Aubin le Monial, France) to clamp the renal artery and vein en bloc.  Using robotic needle 

drivers, the collecting system was sutured, and a renorrhaphy was performed with sutures 

cinched over a surgical bolster. 

 
Figure 3.Transvaginal Specimen Extraction 

Autopsy Evaluation 

Upon the completion of partial nephrectomy, the animal was killed. During autopsy, 

bilateral lumbar regions and pelvis were grossly examined for any iatrogenic injuries. An ex-

vivo pyelogram was performed to assess collecting system integrity in the partial 

nephrectomy specimen and the quality of the anastomosis in the pyeloplasty specimen. 

Data Collection and Statistical Analysis 

Intraoperative surgical outcomes and autopsy data were collected prospectively 

during each animal surgery and entered into an electronic database. Continuous parametric 

data were compared using the Wilcoxon rank sum test and categorical data using Fisher’s 

exact test. For analysis of the learning curve, a linear regression model was used. A P value 

of <0.05 was considered statistically significant.  Statistical analyses were performed with 

JMP 7 software (SAS Institute, Cary, NC). 

RESULTS 

All 30 procedures were performed successfully without any addition of laparoscopic 

ports or open conversion. Six procedures (20%) were performed using the Uni-X single-port 

device through the umbilicus, but owing to significant CO2 leakage, the remaining 24 

procedures (80%) were performed using two ports placed through a single umbilical 

incision. The mean incision size measured at the end of the procedures was 2.6 cm (range 
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2.4-2.9 cm) (Figure 4). Mean total operative time 

was 154 minutes (range, 140 to 187 minutes), and mean blood loss was 72 mL (range, 55-

100 mL). Mean warm ischemia time for partial nephrectomy procedures was 25.4 minutes 

(range, 22-30 minutes). There were no intraoperative complications. Because of 

extracorporeal conflict between robotic arms (instrument arm and scope holder) competing 

for the limited periumbilical space, significant limitation of umbilical instrument movement 

and “Fault Override” message were observed in 5 cases (17%).  Unavoidable intracorporeal 

conflict between the laparoscope and the umbilical robotic instrument was observed in 9 

cases (30%). Although laparoscope movement was not affected, we experienced 

unexpected movements of the umbilical robotic instrument caused by rubbing of the 

intracorporeal segment of the robotic instrument and scope.  In addition, in 3 of the 10 

radical nephrectomy cases (30%) the transvaginal robotic instrument was unable to reach 

the upper pole of the kidney (Table 1). 

There was no significant difference between the right or left kidney intraoperative 

data (Table 2).  When analyzing the learning curve, only robot docking time reached a 

statistically significant inverse correlation with the increasing number of cases (r=-0.72, 

p=0.018) (Figure 5).  

COMMENT 

A NOTES procedure using a flexible endoscope with two working channels is 

challenging without a robotic platform [8].  In addition, single-port procedures are 

cumbersome owing to the parallel insertion of all laparoscopic instruments through one port.  

Intracorporeal suturing is particularly difficult during a single-port approach, mailing owing 

to the lack of triangulation.  The main advantage provided by da Vinci robot articulating 

instruments and three-dimensional vision is improved intracorporeal suturing.  However, the 

 
 

 
Figure 4. Abdominal Wall Incision at the End 
of the Procedure. 
 

 
Figure 5. Learning Curve Analysis 
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current robot is bulky, and thus 

performing a single-port approach 

with the two robotic instruments and 

scope introduced exclusively in the 

umbilicus is challenging.  In our 

study, we inserted the second robotic 

arm through a vaginal port.  Vaginal 

access allowed a full range of motion 

for the robotic arm and avoided 

clashing between both robotic 

instruments.  The distance between 

the vaginal port and the umbilical port 

is long and makes it physically 

impossible for a surgeon to hold and 

manipulate an instrument going 

through the vagina and another 

instrument through the umbilicus at 

the same time.  The robot allowed 

simultaneous umbilical and vaginal 

access to perform various kidney 

procedures in a manner impossible to 

perform with conventional 

laparoscopic approach. 

The Uni-X port has 5-mm 

channels and cannot normally receive 

an 8-mm robotic instrument and a 12-mm robotic scope.  To allow larger instrument 

insertion, the valves of the Uni-X port channels were cut; however, this led to a significant 

CO2 leak.  Although we were able to control the gas leak using gel gauze, we switched to 

two standard ports inserted through the same umbilical incision for the subsequent cases to 

effectively minimize gas leakage.  Significant gas leakage is determined as a leak that 

interferes with surgical exposure and surgical maneuvers. 

Table 1: Intraoperative Data 
No. female porcine/Total no. 
procedure 

10/30 

Mean weight kg (range) 34.5 (30 – 40.5) 
Mean size of incision cm (range) 2.55 (2.4 – 2.9) 
Mean operative time min (range)  

Preparation (n = 10) 20.4 (16 – 30) 
Pyeloplasty (n = 10) 41.7 (37 – 50) 

Suturing time 24.3 (19 – 28) 
Partial nephrectomy (n = 10) 59.5 (52 – 70) 

Warm ischemia time 25.4 (22 – 30) 
Radical nephrectomy (n = 10) 32.1 (27 – 45) 
Total surgery  153.7 (136 – 285) 

Mean estimated blood loss cc (range)  
Pyeloplasty (n = 10) 19.5 (10 – 35) 
Partial nephrectomy (n = 10) 39.8 (30 – 60) 
Radical nephrectomy (n = 10) 13.0 (10 – 20) 
Total surgery 72.3 (55 – 95) 

Complications  
Organ injuries None 
Skin injuries None 
Abdominal muscle injuries None 
Operator or assistant injury None 

Limitation of use (%)  
Conflicts between instruments 5 (17) 
Unwanted contacts between 

endoscope and instruments 
3 (9) 

Abnormal gas leak through trocar 2 (6) 
Removal of robotic arms during 

surgery 
None 

Limitation of endoscope 
movement range 

None 

Technical failures (%)  
Unexpected movement 3 (9) 
Instrument could not reach the 

kidney 
3 (9) 

System could not initialize 
correctly (error message) 

None 

Could not place trocars correctly None 
Arm could not be attached to 

trocar 
None 

System failure during surgery None 
Broken Instruments None 

Values are mean (range) unless otherwise noted. 

To minimize conflict between the laparoscope and the umbilical robotic instrument 

observed in the first 3 animals, the ultra-fine scaling option on the robotic console was 

used.  The use of a 30° scope also helped to decrease conflicts between instruments. 
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Although the procedures 

were all successful, it should be 

noted that R-NOTES is 

technically easier in the porcine 

model owing to minimal 

Gerota’s fat, smaller renal 

vessels, and shorter distance 

between the kidney and 

vaginal access, compared with 

human kidney. 

Table 2. Comparison Between Right-Side and Left-Side Procedures 
P 

 Right (n=5) Left (n=5) 
Value 

Operative Time Min     
Preparation 19.2 (16-22) 21.6 (18-30) 0.58 
Pyeloplasty 41.0 (38-43) 42.4 (37-50) 0.92 
   Suturing Time 23.6 (19-27) 25.0 (20-28) 0.40 
Partial Nephrectomy 56.6 (52-62) 62.4 (57-70) 0.095 
   Warm Ischemia Time 24.8 (22-30) 26.0 (22-30) 0.59 
Radical Nephrectomy 30.6 (27-35) 33.6 (28-45) 0.53 
Total Surgery 147.4 (136-155) 160.0 (149-182) 0.094 

Estimated Blood Loss (mL)    
Pyeloplasty 21.0 (15-35) 18.0 (10-30) 0.51 
Partial Nephrectomy 41.6 (30-60) 38.0 (30-45) 0.92 
Radical Nephrectomy 11.0 (10-15) 15.0 (10-20) 0.19 
Total Surgery 73.6 (55-95) 71.0 (60-90) 0.92 

Complications None None  
Values are mean (range) 

CONCLUSIONS 

Robotic NOTES pyeloplasty, partial nephrectomy, and radical nephrectomy are 

feasible and safe in the porcine model. Although the NOTES approach has the potential for a 

less morbid and scarless surgery, incorporating robotics into NOTES will significantly 

enhance intracorporeal suturing.  In addition, the robot allows suturing using both umbilical 

and vaginal access simultaneously.  Significant refinement in robotic instruments is certainly 

needed for R-NOTES to be adapted to the unique anatomy of a human being. 
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