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Aims: The aim of this paper was to review the current status of laparoscopic/robotic kidney 

transplant and evaluate its feasibility and safety in comparison with conventional standard 

“open” kidney transplant.

Methods: An electronic search of PubMed, Embase, and the Cochrane library database was 

performed to identify the papers between January 1980 and June 2013 that reported on laparo-

scopic/robotic kidney transplantation. The terms “laparoscopic kidney/renal transplant” and 

“robotic kidney/renal transplant (transplantation)” were used. Cross-referencing was also used 

to find the further publications. Only English language reports were selected and accepted for 

descriptive analysis.

Results: A total of 17 papers and abstracts were retrieved. There were two case-control stud-

ies of small volume. High-level evidence comparing the safety and efficacy of laparoscopic/

robotic kidney transplant with conventional open kidney transplant was not available at the 

time of this review.

Conclusion: The limited published data have suggested that laparoscopic/robotic kidney 

transplant may offer the advantages of less pain, better cosmesis, possible shorter hospital 

stay, and fewer wound complications, without compromising graft function. Accordingly, 

some immunosuppressive agents, such as sirolimus, might be able to be commenced earlier, 

after laparoscopic/robotic kidney transplant. The techniques are various at this early stage. 

A uniformed operative technique may be established in the near future. With refinement of 

laparoscopic devices, this technique may be widely employed. Further studies will be needed 

to demonstrate the advantages of laparoscopic/robotic kidney transplant over the conventional 

open kidney transplant.
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Introduction
Over the last three decades, laparoscopic surgery has rapidly expanded in clinical prac-

tice, replacing open surgical procedures in a number of areas of abdominal surgery.1 

The first laparoscopic appendectomy was performed in 1981, and a series of success-

ful laparoscopic cholecystectomy procedures followed in due course.2−4 Laparoscopic 

surgical techniques have now been incorporated into surgical practice and training 

programs. It is well recognized that laparoscopic surgery has advantages over open 

surgery, related to its use of smaller incision, less analgesia, quicker recovery, and 

shorter hospital stay. Surgeons continue to promote the evolution of laparoscopic 

surgery and to employ it in complex surgery, and the availability of information on 

the World Wide Web has led patients to demand laparoscopic knowledge and skills 
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from surgeons. In the kidney transplant field, laparoscopic 

donor nephrectomy has now become the standard of care, 

provided in most transplant centers since its introduction in 

1995.5−9 Additionally, over the last 10 years, laparoscopic 

techniques have been successfully employed for vessel 

anastomosis with satisfactory results.10−12 The demonstration 

of the reliability of laparoscopic vessel anastomosis has set a 

benchmark for laparoscopic kidney transplantation, in which 

vessel anastomosis is usually performed under time pressure. 

The aim of this paper was to overview the current status of 

renal transplantation by laparoscopic/robotic surgery.

Methods
An electronic search of PubMed, Embase, and Cochrane 

library databases was performed to identify papers published 

between January 1980 and June 2013 that reported on 

laparoscopic and robotic kidney transplantation. The terms 

“laparoscopic kidney/renal transplant” and “robotic kidney/

renal transplant” (transplantation) were used for search. 

Cross-referencing was also conducted to find further publi-

cations on laparoscopic/robotic kidney transplantation. All 

English language reports were selected and accepted for 

descriptive analysis, as this is a novel technique.

Results
Animal models
There were five papers identified as animal experiments and 

ex vivo training models. The animal models were estab-

lished using a porcine “large animal” model. There were 

four reports of laparoscopic kidney autotransplantation, 

including both heterotopic and orthotopic transplantation, 

respectively. Firstly, Meraney et al13 conducted laparoscopic 

renal autotransplantation in six female pigs in 2001. In this 

work, a laparoscopic donor nephrectomy was performed 

on the animals’ left side. Then, the kidney graft was auto-

transplanted in the left iliac region, with the renal artery and 

vein anastomosed end-to-side with their iliac counterparts. 

Hypothermic renal perfusion was established, via cannula-

tion to the renal artery and perfusion with ice-cold heparin-

ized Ringer’s solution, during the venous anastomosis. The 

graft warm ischemia time lasted from 3 to 8 minutes (mean 

5.1 minutes). The time for renal artery anastomosis was 31 

(27−35) minutes and for the renal vein, was 33 (22−46) 

minutes. Five of six transplanted kidney grafts functioned 

satisfactorily, yielding a mean serum creatinine (Cr) level of 

1.6 mg/dL (1.0−1.9 mg/dL). Histopathology showed a normal 

architecture, without evidence of acute tubular necrosis. One 

graft failure occurred due to vessel thrombosis.

Most recently, He et al14−16 published a different pre-

clinical technique of laparoscopic kidney autotransplant 

in a pig model. The laparoscopic donor nephrectomy was 

performed on the left side, and subsequently, the left kidney 

was transplanted at the orthotopic location, with renal artery 

and vein anastomosed in an end-to-end fashion. The study 

was conducted in three stages. In stage 1, the transplanted 

kidney was observed for only 4 hours while the pig remained 

under anesthesia. In stage 2, the contra lateral right kidney 

was allowed to remain functioning in situ while the pigs 

recovered from surgery and were observed, for 1 week, 

before planned euthanasia. In stage 3, the contralateral right 

kidney was rendered nonfunctional by complete ligation of 

the ureter at the time of the transplant surgery. The pigs were 

recovered and observed for 4 weeks. The transplanted kid-

ney grafts demonstrated immediate function. The serum Cr 

was 1.3 mg/dL presurgery, 2.54 mg/dL on day 7, 1.44 mg/dL 

on day 14, and 1.87 mg/dL on day 28. The hemoglobin (Hb) 

was 108.5 g/L presurgery, 121 g/L immediately after sur-

gery, 117 g/L on day 7, 103 g/L on day 14, and 106 g/L on 

day 28. There were no complications, such as hemorrhage 

or urine leakage. All the pigs recovered normal activity after 

24−48 hours, but one died after extubation. At necropsy, 

the cause of death was found to be laryngospasm. It was 

concluded that orthotopic kidney transplant performed by 

laparoscopic technique is feasible and safe in the preclini-

cal pig model: immediate graft function was achieved by 

laparoscopic vessel anastomosis.

In addition, Khanna and Horgan17 reported a training 

model of ex vivo robotic kidney transplantation using the 

porcine kidney and iliac vessels. It was emphasized that the 

vascular anastomotic time was reduced significantly over 

the time of training. These researchers have no doubt facili-

tated the transition of laparoscopic/robotic kidney transplant 

to the human.

Human kidney transplant
A total of eleven papers and abstracts were identified. Of 

these, five described laparoscopic kidney transplantation, 

whereas six presented robotic kidney transplantation. 

Case-control studies were identified in two papers. There were 

only case or case-series reports for robotic kidney transplant. 

The details are listed in Tables 1 to 4.

Laparoscopic technique
In 2009, Rosales et al18 performed the first laparoscopic kidney 

transplant from a living donor. The recipient was positioned in 

the left lateral decubitus position. A 7 cm Pfannenstiel  incision 
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was made with a hand-access device, through which one 

11 mm port was inserted. Three more ports were inserted in the 

right hemiabdomen. Dissection of the iliac vessels was under-

taken via the transperitoneal approach. The renal vein was 

anastomosed, in end-to-side fashion, to the external iliac vein 

by using 5-0 uncoated monofilament polypropylene running 

sutures. In the same fashion, the renal artery was anastomosed 

to the external iliac artery, using interrupted sutures. Kidney 

graft hypothermia was maintained by continuous irrigation 

with cold normal saline. The ureterovesical anastomosis was 

performed using a modified Taguchi technique. The kidney 

graft was then placed in the extraperitoneal location by closure 

of the retroperitoneal window.

Subsequently, Modi et al19,20 reported 76 cases of laparo-

scopic kidney transplant (the first four cases from deceased 

donors and 72 cases from live kidney donors) using a slightly 

different technique. The patient was supine and placed in a 

20-degree Trendelenburg position. A 6−7 cm incision was 

made in the iliac fossa or suprapubic region. Four 12 mm 

ports were used. The renal vein and artery were anastomosed 

in an end-to-side fashion to the external iliac vein and artery, 

respectively, using two separate 5-0 polypropylene running 

sutures. The ureteroneocystostomy was performed by modi-

fied Lich-Gregoir method, using 4-0 polyglactin sutures. The 

kidney graft was positioned in an extraperitoneal space by 

closing the retroperitoneal window.

Abraham et al21 presented three cases of laparoscopic 

kidney transplantation at the Annual Meeting of the American 

Urology Association, in Atlanta, USA in May, 2012. There 

were no details of the technique described, but the dissection 

was done via the intraperitoneal approach, and the kidney 

graft was placed in the extra peritoneal space by closure of 

the retroperitoneal window.

Robotic technique
The first human kidney transplant relying on robotic assis-

tance was conducted via a conventional open incision, by 

Hoznek et al22 in 2002. The patient was placed in the supine 

position, with legs spread and flexed to allow positioning of 

the surgical instrument cart. The da Vinci® Surgical System 

(Intuitive Surgical Inc, Sunnyvale, CA, USA) was used, and 

the robotic instruments were positioned via the open wound 

at the left iliac fossa. The three-dimensional (3D) 30-degree 

endoscope was placed in the sagittal plane, at an angle of 

45 degrees to the horizontal. Using the robotic device, the 

vessel dissection and anastomosis were performed as well 

as the ureteroneocystostomy, in the same fashion as in open 

transplant surgery.

Eight years later, Giulianotti et al23 reported a robotic 

kidney transplant in a morbidly obese patient (body mass 

index [BMI] 41 kg/m2), via a minimally invasive approach. 

The patient was positioned in a left decubitus position, 

Table 1 Demographic data of patients and results in laparoscopic kidney transplant

Year Author No of  
cases

Donor Recipient OT  
(min)

VAT  
(min)

WIT  
(min)

CIT  
(hr/min)

Blood loss  
(mL)

LOH  
(days)Category Age 

(years)
Age 
(years)

BMI 
(weight [kg]/ 
height²[m²])

2010 Rosales  
et al18

1 Live NA 69 22 240 53 53 182 min NA NA

2011 Modi19 4 Deceased 64.3 37.2 21.4 238  
(210−300)

65  
(60−72)

65  
(60−72)

8.4 hr  
(4−14)

131  
(30−350)

NA

2012 Abraham21 3 Live NA 32.3 22.1 210 NA NA 55.3 min 150 7.3
2013 Modi20 72 Live NA 34.4 20.5 223.8  

(160−325)
50.3  
(37−62)

60.3  
(47−90)

106.1 min  
(26−229)

67.8  
(35−200)

NA

Abbreviations: BMi, body mass index; CiT, cold ischemia time; hr, hours; LOH, length of hospital stay; min, minutes; NA, not available; OT, operating time; vAT, vascular 
anastomotic time; wiT, warm ischemia time.

Table 2 Comparison of laparoscopic kidney transplant with conventional open kidney transplant

No  
of cases

OT VAT Blood loss DGF Wound 
(cm)

Cr 
(1 month)

Cr 
(1 year)

Pain score Graft  
survival 
(1 year)LKT OKT

72 145 LKT . OKT 
(P , 0.03)

LKT . OKT 
(P , 0.03)

No 
significance

No 
significance

LKT:OKT 
5.5 ± 0.8: 
17.8 ± 4.6

LKT . OKT 
(P = 0.01)

No  
difference

LKT , OKT 
(P , 0.05)

LKT:OKT 
87.7%:96.5% 
(P = 0.02)

Note: Data from Modi et al.20 
Abbreviations: Cr, creatinine; DGF, delayed graft function; LKT, laparoscopic kidney transplant; OKT, open kidney transplant; OT, operating time; vAT, vascular 
anastomotic time.
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exposing the right flank. The da Vinci System was docked 

into position on the patient’s right side. The surgical incision 

was only 7 cm at the  periumbilical region, to facilitate the 

placement of the kidney graft into the body, and a Lap Disc 

(Ethicon Endosurgery Inc, Blue Ash, OH, USA) was inserted 

over the incision. Two 12 mm ports, and two 7 mm ports were 

required for the 3-D 30 degree scope, for use by an assistant, 

and two robotic instruments respectively. The iliac vessel 

dissection was performed by mobilizing the right colon via 

a transperitoneal approach. The renal vein and renal artery 

were anastomosed, in end-to-side fashion, to the external iliac 

vein and artery, respectively, with running 6-0 Gore-Tex® 

sutures. The ureteroneocystostomy was done by running a 

6-0 Polydioxanone suture. The kidney graft was placed in 

the intraperitoneal cavity. Furthermore, Dr Bhati, from the 

same center, presented ten more robotic kidney transplants 

in obese patients at the American Transplant Congress, in 

Philadelphia, USA, in 2011,24 followed by Oberholzer et al 

who reported 39 cases of robotic kidney transplant, from the 

same unit, from June 2009 to December 2011.25 As reported 

by Oberholzer, the surgical site infections were significantly 

fewer compared with a historical cohort of 28 obese recipients 

who had conventional open kidney transplantation.

In Europe, Boggi et al26 conducted a robotic kidney 

transplant from a live donor kidney, using a different tech-

nique from that described in the above reports. The recipient 

was placed in a supine position, with the right flank slightly 

elevated and the table then tilted 25 degree to the left, with 

a 15-degree Trendelenburg position. Two 12 mm ports, one 

11 mm port, and one 8 mm port were used in this technique. 

A 7 cm suprapubic incision was created, and a Lap Disc was 

employed over the incision, into which one of the two 12 mm 

ports was inserted. The da Vinci System was docked into the 

patient’s right side. The dissection of the iliac vessels was done 

via the intraperitoneal approach. The renal vein and artery were 

anastomosed in an end-to-side fashion to the common iliac vein 

and artery, using two half 6-0 expanded polytetrafluoroethylene 

(ePTFE) running sutures. However, the ureteroneocystostomy 

was performed via a suprapubic incision, as an open approach. 

The kidney graft was covered by the pelvic peritoneum and 

positioned at the extraperitoneal space.

Operation time
In general, the time taken for laparoscopic kidney transplant 

surgery was from 210 minutes to 300 minutes, with an aver-

age of 238 minutes. The vascular anastomotic time was from 

53 to 72 minutes, average 59 minutes. In the case series study 

by Modi et al,20 it was evident that the laparoscopic technique 

took a longer time than conventional open surgery, and this was 

also true of the vascular anastomotic time. The reported rate of 

conversion to an open procedure was 5.6%. Clearly, the laparo-

scopic kidney transplant is still in its infancy. We anticipate that 

Table 3 Demographic data of patients and results, in robotic kidney transplant

Year Author No  
of cases

Donor Recipient OT  
(min)

VAT  
(min)

WIT  
(min)

CIT 
(hr)

Blood loss 
(mL)

LOH 
(days)Category Age 

(years)
Age 
(years)

BMI 
(weight[kg]/ 
height²[m²])

2002 Hoznek22 1 Deceased 50 26 NA 178 57 57 26.7 NA NA
2010 Giulianotti23 1 Deceased 47 29 41 223 50 50 11 NA 5
2011 Boggi26 1 Live 56 37 21.9 154 51 51 NA NA 10
2012 Bhati24 10 9 live 

1 deceased
NA 44 40.5 305 49 49 2.58 90 6

Abbreviations: BMi, body mass index; CiT, cold ischemia time; hr, hours; LOH, length of hospital stay; min, minutes; NA, not available; OT, operating time; vAT, vascular 
anastomotic time; wiT, warm ischemia time.

Table 4 Comparison of robotic kidney transplant with open kidney transplant, in obese recipients

No  
of cases

BMI 
(weight[kg]/ 
height²[m²])

Conversion 
rate

DGF Follow up 
(months)

Patient  
survival

Graft  
survival

Wound  
complication

LOH  
(days)

Robotic 
kidney 
transplant

39 42.6 ± 7.8 5.1%  
(2/39)

3.6% 
(1/28)

6  
(28/39)

100%  
(28/28)

100%  
(28/28)

3.6%  
(1/28)

8.2 ± 4.5

Open  
kidney 
transplant

28 38.1 ± 5.4 
P = 0.02

NA 0 
P = 0.99

28/28 100%  
(28/28)

100%  
(28/28)

28.6%  
(8/28) 
P = 0.02

8.1 ± 5.3 
P = 0.98

Note: Data from Oberholzer et al.25 
Abbreviations: BMi, body mass index; DGF, delay graft function; LOH: length of hospital stay.
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the technique will be modified, and better instruments may also 

be developed in the near future. It is expected that the surgical 

time will be reduced to be comparable with that of open surgery 

or perhaps even quicker than open surgery over time.

The time to complete robotic kidney transplant surgery 

ranged from 154 minutes to 305 minutes, with an average of 

215 minutes; whereas the vascular anastomotic time was from 

35 to 58 minutes, with an average of 52 minutes. There was no 

substantial difference in anastomotic times in comparison with 

the laparoscopic technique. The conversion rate was 8.6%. 

However, at this early stage, there has not yet been a random-

ized, controlled study that has provided high-level evidence.

Recipient outcome and graft function
There was no surgical mortality in any laparoscopic or robotic 

kidney transplant recipients. There were no significant differ-

ences in blood loss: from 30 mL to 350 mL (mean 140 mL) in 

the laparoscopic group and 50 mL to 200 mL (mean 90 mL) in 

the open kidney transplant (P = 0.46) group.20 There was also 

no significant difference in delayed graft function (DGF) in a 

case-control study of laparoscopic kidney transplant in com-

parison with open kidney transplant, in which the 1-year graft 

survival was 87.7% versus 96.5%, respectively (P = 0.02);20 

the 1-year patient survival was 98% versus 96.8%.20 In a case 

series report of robotic kidney transplantation, the DGF was 

3.7%; the patient survival was 100%.25

Analgesic consumption
The visual analogue scores for pain were significantly less in 

the laparoscopic kidney transplant group when compared with 

the group that had open kidney transplant (P , 0.05).16−20 Giu-

lianotti et al23 have also described that minimal pain was experi-

enced by patients after robotic kidney transplant in comparison 

with the pain from other surgical techniques. In Boggi’s26 case 

report, the pain was described as minimal, and no analgesia 

was needed after 48 hours following surgery. Apart from 

the first robotic kidney transplant, all the other laparoscopic/

robotic kidney transplants were performed by minimally inva-

sive approach, with an incision length of 7 cm. Therefore, the 

pain is anticipated to be less, in comparison with conventional 

open kidney transplant surgery, for which the incision has been 

reported as 17.8 ± 4.6 cm.20 However, at this stage, there has 

not been a randomized, controlled study that has provided high 

level evidence regarding analgesia consumption.

Length of hospital stay
The length of hospital stay was 7.3 days following lap-

aroscopic kidney transplant, while it was 8.2 ± 4.6 days 

(4−13 days) after robotic kidney transplant. In the case series 

study25 of robotic kidney transplant from the University 

of Illinois, the recipient BMI was 42.9 ± 7.8 weight(kg)/ 

height²(m²). There was one wound complication. It has been 

recognized that robotic approach has almost eliminated 

wound complications in obese patients.

Conclusion
Complex laparoscopic surgery can be successfully performed 

after undertaking appropriate training. Whilst the first robotic 

assisted kidney transplant was done with a conventional open 

incision, it nevertheless evoked a surgical revolution in kidney 

transplant.22 Undoubtedly, this is a challenging technique, as 

it took 8 years to see the first case of laparoscopic kidney 

transplant15 following the first robotic kidney transplant. 

Between 2002 and 2010, only three case reports were found in 

the literature. However, over the last 2 years, there has been a 

dramatic increase, with 80 cases of laparoscopic kidney trans-

plant and a further 42 robotic kidney transplants reported. In 

addition, 16 more robotic kidney transplants were identified 

in the discussion by Boggi et al,24 that were performed at 

Saint Barnabas Medical Center, New Jersey, USA.

The present studies have demonstrated that laparoscopic/

robotic kidney transplant is feasible and apparently safe, 

with satisfactory graft function both in large animal models 

and early human clinical practice. Yet, there is no high-

level evidence of safety and efficacy in the literature at this 

early stage. However, there was no surgical mortality, and 

the intraoperative blood loss was 90 mL on average, with 

a maximum blood loss of 350 mL. The kidney grafts have 

functioned immediately after transplantation, and there was 

no reported graft loss from surgical complications. The 

conversion to open surgery was 5.5% during laparoscopic 

surgery and 7.3% during robotic transplant in two case-series 

reports,18,23 which is comparable with the conversion rate of 

3%−6.1% at the early stage of laparoscopic nephrectomy.27 

Understandably, this new approach is still in its infancy and 

should mature over time. It will be expected that random-

ized, controlled studies will be conducted in the near future, 

to provide further evidence of the benefit of transplanting 

recipients using the laparoscopic/robotic technique.

The surgical time and the vessel anastomotic time are 

slightly longer in robotic/laparoscopic kidney transplant at 

this early stage. This can be justified, as robotic/laparoscopic 

kidney transplantation is still a very new technique, and the 

instruments have not been expressly designed for kidney 

transplant. However, the 1-year graft function has not been 

found to be significantly affected by the prolonged vessel 
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anastomotic time.20 Further, it is expected that the surgical 

time and anastomotic time will become comparable with 

those achieved with open surgery, or even shorter, as the 

technique improves. Adequate training and experience is 

required before surgeons can consider the offer of this pro-

cedure to humans. The animal models are readily available 

to help meet individual training requirements; success in 

performing surgery in the live animal model will assure the 

surgeon’s capability to conduct vascular anastomosis under 

the time pressure of human kidney transplant.

The pain score was found to be significantly lower in 

laparoscopic kidney transplant, in a case-control study by 

Modi et al.20 The length of hospital stay was 7.3 days and 

8.2 ± 4.6 days, respectively, in laparoscopic and robotic 

kidney transplant.20,23 A randomized, controlled study should 

be considered in the near future, to determine the advan-

tages of kidney transplant by laparoscopic/robotic surgical 

technique.

As a minimally invasive procedure, laparoscopic/

robotic kidney transplant uses a significantly smaller inci-

sion than does open kidney transplant. In general, morbidly 

obese patients exhibit an increased risk of wound infection, 

requiring prolonged hospital stay. The small incision has 

been found to reduce the risk of wound infection and other 

associated complications − Oberholzer et al have found the 

robotic approach has almost eliminated wound complications 

in morbidly obese patients.25 In addition, a smaller incision 

may allow for earlier administration of sirolimus (which has 

been known to be related to increased incidence of wound 

complications).28

From a technical perspective, laparoscopic and robotic 

kidney transplant are comparable. The average operating 

time is relative shorter in robotic kidney transplant than in 

the laparoscopic group, 215 minutes versus 238  minutes, 

respectively. However, robotic surgery allows for a higher 

BMI patient. The vessel anastomotic time is shorter 

using the robotic technique than with the laparoscopic 

technique. Still, any conclusion could be debated, as it 

would only be based on a case-series report rather than a 

controlled study.

In summary, laparoscopic/robotic kidney transplant is 

a novel approach for kidney transplant. The initial experi-

ence has demonstrated that it is feasible and safe and that 

immediate graft function can be achieved. The technique is 

highly demanding, and appropriate training is mandatory. 

The drawback of the robotic technique is its high cost. The 

facility is not readily available in most transplant units. 

Nevertheless, laparoscopic devices are widely employed 

in surgical practice. Further study should be conducted to 

obtain high-level evidence of  laparoscopic/robotic kidney 

transplant safety and efficacy.
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