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Robotic assisted nephrectomy for living kidney donation (RANLD) 
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Background: Robotic assisted nephrectomy for living donation (RANLD) is a rapid emerging surgical 
technique competing for supremacy with totally laparoscopic and laparoscopic hand assisted techniques. 
Opinions about the safety of specific techniques of vascular closure in minimally invasive living kidney 
donation are heterogeneous and may be different for laparoscopic and robotic assisted surgical techniques.
Methods: We retrospectively analyzed perioperative and short-term outcomes of our first (n=40) RANLD 
performed with the da Vinci Si surgical platform. Vascular closure of renal vessels was performed by either 
double clipping or a combination of clips and non-transfixing suture ligatures.
Results: RANLD almost quintupled in our center for the observed time period. A total of n=21 (52.5%) 
left and n=19 (47.5%) right kidneys were procured. Renal vessel sealing with two locking clips was performed 
in 18 cases (45%) Both, clips and non-transfixing ligatures were used in 22 cases (55%). Mean donor age was 
53.075±11.68 years (range, 28–70). The average total operative time was 150.75±27.30 min. Right donor 
nephrectomy (139±22 min) was performed significantly faster than left (160.95±27.93 min, P=0.01). Warm 
ischemia time was similar for both vascular sealing techniques and did not differ between left and right 
nephrectomies. No conversion was necessary. Clavien-Dindo Grade ≤IIIb complications occurred in (n=5) 
12.5%. Grade IV and V complications did not develop. In particular no hemorrhage occurred using multiple 
locking clips or suture ligatures for renal vascular closure. Mortality was 0%. Thirteen kidneys (32.5%) were 
transplanted across the AB0 barrier.
Conclusions: RANLD is an emerging minimally invasive surgical technique which facilitates excellent 
perioperative and short-term outcomes also when using multiple locking clips or suture ligatures for renal 
vascular closure.
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Introduction 

Nephrectomy for living kidney donation has been 
performed laparoscopically for more than two decades (1). 
Minimally invasive surgical techniques have substantially 
contributed to the future development of transplant 
programs and among others significantly increased the 
number of potential living donors (2,3). This evolution 
was fueled by the fact that minimally invasive operative 
techniques generate significant patients’ benefits such as 
reduction in postoperative pain, decreased length of hospital 
stay, better cosmetic results and lower morbidity rates (4-6).

In this context, robotic assisted nephrectomy for living 
kidney donation has become a well-established procedure, 
competing for supremacy with laparoscopic and hand 
assisted minimally invasive approaches (7,8). Unlike in 
other surgical interventions, living kidney donation involves 
healthy altruistic individuals, who are willing to undergo 
major surgery for the wellbeing of another human being. 
Minimization of any potential risk factors thus maximizing 
donor safety is even more highest priority (9). 

Hemorrhagic complications resulting from inadequate 
renal artery closure in living kidney donation surgery have 
been shown to jeopardize donor life and health. Opinions 
about the safety of specific techniques of renal vascular 
closure are heterogeneous and predominantly investigated 
in open and laparoscopic procedures of living kidney 
donation. In general, transfixing techniques using various 
vascular stapling devices and surgical sutures are considered 
superior when compared with non-transfixing techniques 
like clips and ligatures. A survey among surgeon-members 
of the American Society of Transplant Surgeons (ASTS) 
however, also revealed that multiple locking clips are still 
commonly used in laparoscopic cases of living kidney 
donation (10,11).

From a technical perspective robotic assisted surgery 
provides the surgeon with enhanced 3D visualization of the 
operative field and the use of wristed instrumentation allows 
tremor free articulation with seven degrees of freedom. 
Surgeons intraoperative comfort while using the robotic 
unit has been described to be extremely high, resulting 
in continuous steep reproducibility rates of various major 
surgical interventions (12,13). 

The first series of robotic assisted laparoscopic donor 
nephrectomies were reported in 2001 (14,15). Recent 
data suggest that robot assisted nephrectomies account 
for a fraction of 3,8% of all minimally invasive donor 
nephrectomies, numbers increasing (16). Published data 
suggest that renal vascular closure in robotic assisted 

nephrectomy for living donation (RANLD) has been 
prevalently performed safely with vascular staplers (13,17).

The da Vinci Surgical System® (Intuitive Surgical, 
Sunnyvale, CA) is currently the most used device with more 
than 3,500 operating platforms worldwide (18). As the 
company’s name suggests, the design and handling of the 
robot is meant to be intuitive for a first-time user, which 
allows for a steep learning curve for novices. 

Here we describe the experience of our first 40 
consecutive robotic assisted donor nephrectomies 
with regard to pre- and intraoperative strategies and 
postoperative outcome. In contrast to previous studies we 
used multiple locking clips or a combination of clips and 
suture ligatures for renal vascular closure. 

Methods

Patient evaluation

According to the German law, living donors can be either 
directly related to the recipient or altruistic. In any case, a 
close relationship without a direct degree of kindship must 
be evident and will be reviewed by an ethics committee of 
the German medical association (Bundesärztekammer). 

Donor selection was based on a medical and psychological 
evaluation as recommended by the KDIGO Clinical 
Practice Guidelines of the Transplantation Society (19).  
Table 1 gives an overview of the standard parameters 
investigated during the assessment process. Older age and 
comorbidities such as moderate hypertension and a BMI 
>30 kg/m2 are no contraindications at our center, since 
previous studies have proven safe results for these types of 
donors (20-22). Preoperative CT or MRI angiography of 
the kidneys was performed with special emphasis on vascular 
supply. Split renal function was determined by MAG3 
kidney scintigraphy. Presuming that isotope clearance of the 
organ selected for donation did not differ more than 5% of 
the total isotope clearance, the kidney with the fewer artery 
supply was chosen for donation. The institutional review 
board composed of a multidisciplinary team of transplant 
surgeons, nephrologists and anesthesiologists approved 
every case before schedule. Informed consent from all 
parties involved into the transplant process was obtained 
before the procedure. 

Surgical technique

All robotic assisted donor nephrectomies were performed 
by two board certified urologic and transplant surgeon 
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specialists using the da Vinci® Si Surgical System. As 
described earlier (17), the patient was placed in a left or 
right 45° lateral decubitus position, depending on the 
nephrectomy side. Following the team-timeout, under 
general anesthesia and sterile conditions, the 12mm 
camera trocar was placed on the hemiclavear line, next 
to the umbilicus. Capnoperitoneum was maintained at  
12 mmHg. The 3 trocars (8 mm) for the robotic arms 
were subsequently placed in an imaginary semicircular 
line equidistant to the camera. Another 12 mm trocar used 
by the assistant for suction-irrigation, introduction and 
removal of suture materials and clip application was placed 
in the lower lateral abdomen. The “docking maneuver”, 
which virtually means connecting the robotic arms with all 
trocars, was performed after the robot was positioned lateral 
at the backside of the donor. Standard instruments used 
for all operations comprised hot shears (MSC), fenestrated 
bipolar forceps, Cadiere forceps and a large SutureCut 
needle driver (Endowrist®, Intuitive Surgical). 

In short, for left donor nephrectomy (LDN) the 
descending colon was mobilized and displaced medially 
to allow opening of the Gerota’s fascia. In a first step 
the ureter was identified at the level of the iliac axis and 
dissected free up to the lower pole of the kidney preserving 
the periureteral tissue commonly known as “golden 
triangle”. After dissection of the lateral and posterior region 
of the kidney the renal vein was dissected free until its 
outlet into the inferior vena cava, and its branches (lumbar, 
gonadal and adrenal) are clipped and transected free. In a 
subsequent step the renal artery was identified and dissected 
free up to the level of its aortic origin. When the kidney 
was completely mobilized the ureter got clipped with 
one hemlock clip and was divided leaving the clip in situ. 
Subsequently the kidney was placed into an endobag for 
extraction. Before removal of the wrapped kidney through 

a Pfannenstiel or Rutherford-Morrison incision, the renal 
artery and renal vein was either double clipped with locking 
hemlock clips (Video 1) or addressed by one locking hemlock 
clip and one non-transfixing ligature (Vicryl 3-0).

For right donor nephrectomy (RDN), in a similar 
fashion the ascending colon was mobilized and displaced 
medially to allow access to the Gerota’s fascia and perirenal 
fat. In contrast to the left side the renal vascular stalk, 
especially the right renal vein is shorter. Ligation and 
clipping close to the inferior vena cava is even more crucial 
for a simple and successful subsequent transplant procedure. 
Again, the kidney was extracted manually in an endo-bag 
and afterwards flushed with 200 mL of heparinized ice-cold 
perfusion solution (Custodiol®). Before wound closure the 
renal bed and vascular stumps were inspected for bleeding. 
All trocars were removed under direct vision during 
evacuation of the pneumoperitoneum and occasionally a 
12 Chr. Robinson drain was inserted into the wound bed 
depending on the surgeon’s decision. 

Data analysis

Data collection was performed retrospectively in context 
with quality inspection for all 40 consecutive RANLD. 
Evaluated donor parameters included, relationship to 
the recipient, gender, age, BMI, preoperative creatinine 
and GFR CDK EPI as well as vascular supply of the 
organ selected for donation and transplantation. Data 
related to the surgical procedure included operation time 
(operation time was defined as time between skin incision 
and placement of the last skin suture), warm ischemia 
time during the donation operation(warm ischemia time 
was defined as the time from renal artery clipping to the 
beginning of back-table perfusion), intra- and postoperative 
complications in terms of Clavien-Dindo classification as 

Table 1 Overview for standard parameters evaluated during assessment process for RANLD

Renal function: GFR CKD EPI (mL/min/1.73 m2), isotope clearance of each side, albuminuria, hematuria, kidney stone disease

Cardio vascular risk factors: hypertonia, myocardial infarction, pAVK

Metabolic risk factors: obesity, glucose intolerance, dyslipidemia, nicotine abuse

Viral serology: HIV, HCV, HBV, CMV, EBV

Donor anatomy and renal vascular supply: CT, MRI, ultrasound

Anamnesis of family tumor diseases: family anamnesis, gastroscopy, colonoscopy, mammography, PSA

Anamnesis of family genetic diseases: autosomal dominant polycystic kidney disease, APOL1 risk allele

RANLD, robotic assisted nephrectomy for living kidney donation; GFR, glomerular filtration rate; CKD, chronic kidney disease.



Brunotte et al. Robotic assisted living kidney donation

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2020;8(6):305 | http://dx.doi.org/10.21037/atm.2020.02.97

Page 4 of 10

well as the pre- and postoperative laboratory parameters 
including serum creatinine (µmol/L) and glomerulus 
filtration rate (mL/min/1.73 m2) which were estimated 
using the CDK-EPI-formula. Laboratory parameters 
were evaluated preoperatively and at date of discharge. 

Furthermore, days of intermediate care unit (ICU) and 
length of hospital stay (LOS) were assessed. 

Data analysis was performed using descriptive statistics. 
Continuous variables were reported as mean values ± 
standard deviation (SD). SD was calculated using Microsoft® 

Excel (Redmond, WA, USA). Categorical variables were 
presented as the absolute values and/or percentage of the 
group. Statistical analysis was performed using Graph Pad 
Software (La Jolla, CA, USA) and statistical significance was 
calculated using Student’s t test, with significance defined as 
P<0.05.

Results

From November 2013 till August 2018, forty consecutive 
RANLD were performed at our center. Within this time 
period an exponential increase of donation surgeries could 
be detected (Figure 1). A number of 13 cases alone was 
performed within the last 8 months, which represents 32.5% 
of the total patient volume. Sex distribution among donors 
was n=21 (52.5%) women and n=19 (47.5%) men, with a 
donor’s average age of 53.075±11.68 years (range, 28–70) 
and an average body mass index of 25.99±3.58 kg/m2 (range, 
19.9–35.3 kg/m2). All donors were Caucasian. Relation to 
the recipient was distributed in parent (n=18, 45%), sibling 
(n=5, 12.5%), spouse (n=9, 22.5%) and children (n=1, 2.5%) 
for direct relation as well as other (n=7, 17.5%) for a very 
close relationship. Preoperative laboratory parameters 
showed average creatinine values of 72.7±11.95 µmol/L  
and a  mean glomerular  f i l t rat ion rate  of  92.48± 
12.46 mL/min/1.73 m2 (see all Table 2). 

A total of n=21 (52.5%) left and n=19 (47.5%) right 
kidneys were used for donation. Hereof n=31 (77.5%) 
kidneys had a single arterial vascular supply and n=9 (22.5%) 
a multiple (seven donors with 2 arteries and two with 3 
arteries). Venous vascular supply was as follows: n=37 
(92.5%) single and n=3 (7.5%) multiple (maximum of two 
veins) (see all Table 3). Eighteen cases, (including all cases 
with multiple vessel supply) were operated with double 
clipping of renal vessels using locking hemlock clips and in 
22 cases vessels were addressed with one locking hemlock 
clip and one Vicryl ligature (Vicryl 3-0). No significant 
difference in warm ischemia time (WIT; defined as time 
from renal artery closure to cold perfusion) was evident in 
both groups (WIT double clipping: 3.9±1.2 min vs. clip + 
ligature: 3.8±1.5 min, P=n.s.). 

Overall mean operative time was 150.75±27.30 min with 
no individual difference between the two surgeon specialists 

Table 2 Baseline patient data and preoperative laboratory 
parameters. 

Variables Number

Gender

Female 21

Male 19

Relation to recipient

Parent 18

Sibling 5

Spouse 9

Child 1

Other 7

Age (years) 53 [28–70]

BMI (kg/m2) 25.99 [19.9–35.3]

Creatinine (µmol/L) 72.7 [52–99]

GFR CKD EPI (mL/min/1.73 m2) 92.48 [71–123]

Continues variables are depicted as median [range]. Categorical 
variables are depicted as absolute values. BMI, body mass 
index; GFR, glomerular filtration rate; CKD, chronic kidney 
disease.

Figure 1 Number of performed RANLDs per year beginning 
from 11/2013 to 08/2018, total n=40. (reference date: August 31st 
2018). 
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(surgeon A with n=18 RANLD and a mean operation time 
of 153.11±30.92 min, surgeon B with n=22 RANLD with a 
mean operative time of 148.8±24.53 min, P=0.636). Also, the 
mean operative time for patients with single 150.9±26.99 min  
or multiple 150.27±28.99 min vascular supply (arterial and 

or venous) showed no significant difference (P=0.949) (no 
figure provided).

Interestingly a significant difference in operation time 
could be detected when looking at the donation side. 
Right donor nephrectomy (139±22 min) was performed 
significantly faster than left (160.95±27.93 min) (P=0.01) 
(Figure 2). 

Total operation time gradually decrease with the numbers 
of robotic donor nephrectomies performed (Figure 3).  
There was also a significant decrease in operation time 
when comparing the first 20 RANLD (161±29.16 min) with 
the last 20 cases (140.5±21.38 min) (P=0.016). 

Average warm ischemia time (WIT) was 2.25±0.63 min. 
30 patients received an intraoperative drainage (Redon, 16 
Charr), placed in the nephrectomy loge. First eight Patients 
were transferred to the ICU postoperatively for safety 
reasons. The mean length of stay was 1.25±0.54 days (range, 
0–2). Average length of hospital stay was 7.25±3.59 days 
(range, 4–21). Mean value of postoperative serum creatinine 
at day of discharge was 114.05±18.42 µmol/L and average 
GFR was 55.89±11.17 mL/min/1.73 m2.

No conversion to hand assisted, laparoscopic or total 
open surgery was necessary. There were no intraoperative 
complications. A number of five (12.5%) postoperative 
complications were identified. Clavien-Dindo grade I 
complications occurred in n=2 (5%), lymphatic fistula, 
urinary tract infection), grade IIIa complications occurred 
in n=1 (2.5%) (abscess of the trocar insertion site) and 
grad IIIb complications occurred in n=2 (5%) n=1 fascial 
dehiscence and n=1incisional hernia). Grad IV and V 
complications did not occur (see all Table 4). 

Similar to results of operative time, there is a small 
difference for complication rate between the first 20 (n=3, 
7.5%) and the second 20 (n=2, 5%) cases. Donor mortality 
was 0%. Thirteen kidneys (32.5%) were transplanted across 
the AB0 barrier, requiring therapeutic apheresis as well as 
T and B cell directed immunosuppressive therapy for the 
recipient. 

Figure 2 Total operative time in minutes per case for right and left 
kidney.
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Table 3 Nephrectomy side (depending on Isotopen-Clearance, vascular supply and individual parameters) with average total operative time [range]. 
Renal vascular supply with average total operative time for arterial and or venous single and multiple supply

Variables
Kidney Vascular supply

Left Right Single Multiple

N 21 19 Arterial 31 (venous 37) Arterial 9 (venous 3)

Operative time [range], min 160.95±27.93 [119–232] 139±22 [110–198] 150.9±26.99 [110–232] 150.27±28.99 [114–198]

Figure 3 Chronologically arranged total operative time in minutes 
per case (dot). Dashed line indicates interpolation with decreasing 
time trend. Average total operative time was 150.75 minutes (range, 
110–232 minutes).
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Discussion

Kidney transplantation is the treatment of choice for 
patients with end-stage renal disease (23). In particular, live 
kidney donation has been shown to be superior to deceased 
donor kidney transplantation mainly in terms of long-
term benefits and better graft survival (24,25). In Germany, 
living donor kidney transplantation is currently available in 
37 transplant centers, and 39% of all kidney transplants in 
2018 were living donor related (www.DSO.org).

As surgical robots begin to diversify into all different 
fields of surgery worldwide, innovations in robotic surgical 
procedures continuously strive to improve patients’ 
outcome, including the field of transplant surgery.

Our data support the evidence of a limited number 
of articles highlighting the feasibility and safety of 
robotic assisted living kidney donation (13,26). The 
majority of European, American and Asian transplant 
centers performing living donor kidney transplantation 
offer their patients a minimally invasive donor organ 
procurement strategy (27,28). The elective type surgery 
allows transplantation of kidney grafts with excellent 
function to recipients under optimal conditions. Living 
kidney donation furthermore allows to reduce wait time to 
transplantation and time on dialysis and should therefore 
additionally be propagated in the field of transplant surgery. 
As described earlier (20-22), older age and comorbidities 
such as moderate hypertension and a BMI >30 kg/m2 are no 
contraindications at our center and have again proven safe 
outcomes for the donor.

Interestingly the introduction of robotic assisted donor 
surgery has furthermore propelled the living kidney 

donation program in our center. A similar effect has 
already been described by Oberholzer et al. for the kidney 
transplantation program at the University of Illinois at 
Chicago (3). In 2001 for the first time the number of living 
kidney donors has exceeded the number of transplantations 
with organs from deceased donors in several specialized 
transplant centers (5,29). In 2018 almost 39% (n=638) of 
all kidneys transplanted (n=1,653) in Germany were living 
donor related (www.DSO.org). This mirrors our numbers 
of living donations which have almost quintupled within 
the last 5 years since our debut of robotic assisted donor 
surgery. 

Renal scintigraphy and volumetry for split renal function 
assessment are key decision parameters for donor side 
selection, which generally falls for the side with inferior 
function. Accurate preoperative evaluation of renal vascular 
anatomy using CT angiography (30) or MRI imaging (31) 
is vital for successful and safe postoperative outcomes. As 
a principle we selected the kidney with inferior function 
and smaller number of vessels. If split renal function was 
well balanced, we generally selected the left kidney for 
anatomical reasons which are mainly the longer renal vein. 
We share the idea that in contrast to early publications, 
kidney grafts with multiple vessels are no longer considered 
as a relative contraindication for living donation (32). In 
this context our cohort included an amount of 27.5% 
donor organs with multiple (n=2 or n=3) renal arteries, all 
originating from the aorta. In case of a significant difference 
of split renal function (more than 5% difference) we did 
not hesitate to select the qualitatively inferior kidney for 
donation, even if the number of vessels was increased. 

Although uncommon, major vascular complications 

Table 4 Postoperative complications (*according to the Clavien-Dindo classification)

Postoperative complications* Type of complication Hospital stay (days) Creatinine (µmol/L) GFR CKD EPI (mL/min/1.73 m2)

n=5 7.25 [4–21] 114.05 [77–150] 55.86 [38–88]

I (n=2) Lymphatic fistula, urinary tract 
infection

8, 8

II (n=0) – –

IIIa (n=1) Abscess of the trocar insertion 
site

Post-stationary

IIIb (n=2) Fascial dehiscence, incisional 
hernia

21, post-stationary

Length of hospital stay and creatinine and GFR values at the day of discharge. Continues variables are depicted as median (range). 
Categorical variables are depicted as absolute values [RANLD (n=40)]. RANLD, robotic assisted nephrectomy for living kidney donation; 
GFR, glomerular filtration rate.

http://www.DSO.org
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during minimally invasive donor nephrectomy can be 
potentially fatal (10). Based on data from laparoscopic 
donor nephrectomies, it has been postulated that vascular 
clips alone are inadequate for safe closure of the main renal 
artery and vascular staplers would be saver due to transfixion 
of the vessel wall (27). In 2006 the US Food and Drug 
administration (FDA) and the manufacturer of the hemlock 
clip, Teleflex, as a reaction to two death of living kidney 
donors, announced a recall stating that the use of hemlock 
clips in laparoscopic donor nephrectomy is contraindicated. 
In addition, three live kidney donors, two form the United 
States and one from India reportedly died after the release 
of the statement and several other donors obviously suffered 
severe hemorrhagic events from clipping failures during 
laparoscopic kidney donation (11). This is a substantial 
dilemma, and we strongly believe that the incidence of fatal 
vascular complications in living kidney donation is even 
under-reported. By now, from all vessel sealing devices 
and techniques that were used for laparoscopic kidney 
donation [intracorporal knot tying (33), bipolar vascular 
sealing devices (34) ultrasonic shears (35)] staplers and 
clips still remain the prevalent techniques used for vascular 
control (36). The reason why staplers may not have entirely 
replaced clips in this surgical scenario may be the fact 
that stapler use is itself is associated with a considerable 
amount of malfunction (37). In addition to malfunction (38) 
stapler use in laparoscopic kidney donation is furthermore 
associated with donor vessel length shortening (39) and 
increased operative costs (40). 

In our patients, we either used two locking hemlock 
clips, or a combination of one locking hemlock clip and 
one Vicryl 3-0 ligature for renal artery closure. Informed 
consent on this technique was obtained by all patients. 
Our strategy is supported by a recent metanalysis on vessel 
controlling devices for renal pedicle ligation in laparoscopic 
live donor nephrectomy, which revealed no significant 
differences between hemlock clips and staplers with regard 
to device failure rate, death rate and severe hemorrhage 
rate (41). Our strategy utilizes the full capacity of the robot, 
namely enhanced 3-D vision and when indicated, the ability 
of delicate intracorporal tying. This method does not waste 
significant millimeters of vessel length when compared 
to vascular stapling and seems to be cost effective. When 
compared to the robotic clip applicator, the conventional 
re-usable laparoscopic applicator proved sufficient, allowing 
for even more cost savings in our setup.

Furthermore, the simultaneous use of two laparoscopic 
clip applicators, one used for clipping and another one ready 

to be applied might furthermore reduce warm ischemia 
time, since the repeat loading of one robotic clip applicator 
might be more time consuming. 

In case of multiple vascular supply, the individual vessel 
diameter trends to be smaller. Under these circumstances 
our strategy of double clipping proved to be save. Our 
indigenous technique furthermore does not significantly 
delay the operation time or increase warm ischemia time. 
We believe that vessel length might be of crucial importance 
in case of multiple artery supply, requiring microvascular 
reconstruction before transplantation. Reduction of material 
costs in terms of saving expenses for stapling devices, might 
in our situation furthermore compensate for the current 
global higher costs associated with robotic surgery (42). 

In general, robotic operations are predominantly 
performed by two surgeons, one handling the robotic 
console and the second one scrubbed in the operating field 
for assistance. In contrast, fully laparoscopic, laparoscopic 
hand assisted, or open donor nephrectomies may require up 
to three surgeons depending on the strategy and technique. 

In comparison to previous studies (13,17) our mean 
operative time was relatively low. This is probably due 
to the fact, that both surgeons have a work experience 
with the robotic platform of more than 10 years, having 
completed more than 400 complex robotic assisted kidney 
surgeries each. Still a learning curve was evident after the 
first 10 operations for each surgeon, resulting in a decrease 
of operation time and patient morbidity. In parallel, steep 
learning curves have also been reported for both minimally 
invasive retroperitoneoscopic and laparoscopic donor 
nephrectomies (43). 3-D vision which is not only exclusively 
restricted to robotic assisted operations, but also broadly 
available for laparoscopic procedures in general seem to 
reduce operation time and warm ischemia times when 
compared to 2-D techniques (44).

Interestingly multiple vessel supply did not have a 
significant impact on operation time or warm ischemia time, 
nor did it have an impact on graft survival or morbidity after 
transplantation (data not shown). This supports our strategy 
of vessel occlusion, using a combination of both ligatures 
and clips.

A new surgical technique must always be compared 
to the gold standard. RALDN has been reported to be 
feasible and save, although operation time and warm 
ischemia time in some studies may be slightly longer 
when compared to laparoscopic kidney donation (17,45). 
A recent study however, revealed that skin to skin time 
of RALDN approached that of laparoscopic which each 
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subsequent procedure, and the standard operation time 
of the laparoscopic kidney donation procedure could be 
reached at the 22nd case (46). Longer operation times 
might hypothetically be explained with an initial cautious 
and slower approach of the surgeon to an unfamiliarly 
procedure (47). 

Our study presented here is not devoid of limitations, 
which are mainly a small sample size and the retrospective 
character, which has to be taken into consideration. We 
used a total of six trocars for the robotic procedure which 
is two more than in the average laparoscopic procedure. In 
addition to the 4 robotic trocars (three working trocars and 
one camera trocar) our additional two trocars are necessary 
for simultaneous suction irrigation and clip application. 
Admittedly we also have a fairly high complication rate, 
especially when it comes to fascia dehiscence and early 
hernia development. This might be directly related to the 
Rutherford Morrison incision, since no complications 
developed when a Pfannenstiel incision was used for kidney 
extraction. 

However, to date no data using explicitly hemlock clips 
or ligatures for renal vascular control in robotic assisted 
living kidney donation have been published. Further 
prospectively randomized studies involving robotic surgery 
in living kidney donation are in demand.

We consider the robotic assisted nephrectomy for 
living kidney donation as the method of choice for the 
experienced robotic surgeon which incorporates lowest 
donor risks and highest reproducibility rates. Vascular 
closure with two locking clips or a combination of one 
locking clip and one ligature have been proven save and 
feasible using the robotic platform. Laparoscopic or hand-
assisted laparoscopic techniques may always be taken into 
consideration for selected cases or at institutions where a 
robotic device is currently not available. 
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