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 Background: The aim of this study was to investigate the efficacy and safety of right retroperitoneal laparoscopic live donor 
nephrectomy (LDN) in 81 cases of living-related renal transplant.

 Material/Methods: We retrospectively reviewed all living-related donors who underwent right retroperitoneoscopic living donor 
nephrectomy between June 2010 and December 2017 at the First Hospital of Jilin University and their corre-
sponding recipients. Demographic and clinical data were collected from the hospital’s electronic clinical data 
system. Data on preoperative renal retention parameters, operative time, and donor kidney warm ischemia time, 
the trimmed length of the renal artery and vein of donor kidney, and the time to extubation were recorded. 
Complications in both donors and recipients were recorded.

 Results: We included 81 donors who underwent successful right-sided retroperitoneoscopic LDN, with 31 males and 
50 females and a mean age of 47.1 years (range 21–63 years). There was no intraoperative conversion to 
open donor nephrectomy. The mean operative time was 120.68±29.8 min. The mean warm ischemic time was 
49.26±3.86 s. The estimate blood loss was 54.32 mL (range 50–400 mL). The median length of hospital stay 
was 7 days (range 4–13 days). There was neither intraoperative complication such as hemorrhage or lymph 
fistula nor kidney graft injury. There was no graft renal vein thrombosis and ureteral stricture or other compli-
cations. No graft rejection occurred.

 Conclusions: Right retroperitoneal laparoscopic live donor nephrectomy is safe and effective for renal transplant in living-
related renal transplant by laparoscopic excision and extraction of the right kidney with vena cava flap.
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Background

Traditional surgical techniques of open donor nephrectomy 
(ODN) have transitioned over the years to minimally invasive 
surgical techniques [1]. Compared to ODN, laparoscopic live 
donor nephrectomy (LDN) is less invasive and has faster re-
covery, and has become the preferred approach for nephrec-
tomy [2]. Because the right renal vein is shorter, excision and 
transplantation of the right kidney are challenging, and given 
a choice, most surgeons prefer left nephrectomy. However, if 
the left kidney has multiple vessels, the right kidney becomes 
the only choice available [3].

Right laparoscopic LDN is routinely performed in large-volume 
centers, but in smaller centers it is less frequently performed 
due to the technical challenge of the surgical procedure and 
due to fear of poor outcomes, despite available evidence dem-
onstrating safety and feasibility of the procedure [4,5]. Data are 
scant on the efficacy and safety of right retroperitoneoscopic 
nephrectomy in Chinese liver donors, as live kidney transplant is 
uncommon in China. Ma et al. studied 19 right vs. 84 left retro-
peritoneoscopic nephrectomy patients, and found that right ne-
phrectomy was safe and cost effective. This finding is supported 
by a recent and so far the largest series from China consisting 
of 104 right vs. 423 left retroperitoneoscopic nephrectomy pa-
tients [6]. In the present retrospective analysis, assessed the ef-
ficacy and safety of right retroperitoneoscopic LDN in 81 cases.

Material and Methods

Donors

Eligible donors were informed of the risk of the surgical pro-
cedures and all provided written informed consent. Organ do-
nation and the study protocol were approved by the local eth-
ics review committee at the authors’ affiliated hospital and by 
the provincial health ministry of Jilin, China.

All donors who underwent retroperitoneoscopic living donor 
nephrectomy between June 2010 and December 2017 at the 
First Hospital of Jilin University and their corresponding recip-
ients were retrospectively reviewed. Donors who were healthy 
on preoperative workup were included. Donors whose unilat-
eral glomerular filtration rate (GFR) was >40 mL/min and total 
GFR >80 mL/min were eligible. Persons who had a history of 
hypertension, cardiac diseases, pulmonary tuberculosis, diabe-
tes mellitus, or chronic hepatic or renal diseases were ineligible.

Donor evaluation

All donors underwent a preoperative workup according to the 
Amsterdam Forum guidelines [7]. Renal function was assessed 

by conventional renal scintigraphy. The anatomy of the renal 
parenchyma and the renal arteries and veins were imaged by 
ultrasonography, magnetic resonance angiography, and/or com-
puted tomography (CT)-angiography. The branches of donor 
renal vessels and malformations of the urinary system were 
examined by 3-dimensional (3D) CT reconstruction of the uri-
nary system. The selection of the side of LDN was based on 
leaving the best kidney with the donor [8]. When bilateral GFR 
differed by less than 10% and if no unilateral anatomical ab-
normalities were present, anatomical considerations guided 
surgical decision-making, and if there were no differences be-
tween the 2 kidneys, left-sided retroperitoneoscopic LDN was 
given preference. Right-sided retroperitoneoscopic LDN was 
given preference if there was an accessory renal artery aris-
ing from the abdominal aorta, if there was early branching 
of the left renal artery (defined as branches arising within 15 
mm from the origin of the main renal artery ostium), and if 
the right GFR was lower than the left GFR by more than 10%.

Surgical technique

The surgery was performed by 3 surgeons with more than 10 
years of experience in laparoscopic surgery. All surgical sub-
jects or their legal surrogates provided written informed con-
sent for the surgery.

Under general anesthesia, the patient was placed in the left flank 
position with the head lowered 15 degrees and the feet 30 de-
grees, and the lumbar region elevated. Three ports were estab-
lished. The distance was 6–8 cm between the 2 subcostal operat-
ing ports, facilitating the connection of the 2 ports during kidney 
extraction and controlling incision length (Figure 1). The intraab-
dominal pressure was set to 1.330–1.596 kPa (10–12 mmHg) to 
avoid any effect on renal perfusion. Dissection was performed 
along the surface of the kidney, and the ventral and dorsal as-
pects and the upper pole of the kidney were dissected. Then, 
the lower pole of the kidney and the ureter were fully dissoci-
ated. The renal artery was dissected distally posterolateral to 
the inferior vena cava near the origin of the abdominal aorta 
to assure adequate length of the artery. The renal vein and the 
inferior vena cava were carefully dissected at their confluence, 
and fibrofatty tissues 1–2 cm at the caudal and cranial end of 
the inferior vena cava were removed to facilitate clamping and 
suturing during renal vein extraction. Furosemide (40 mg) was 
given intravenously before kidney removal. Urine output was 
maintained at a brisk pace using aggressive intravenous hy-
dration. The ureter was carefully dissected to assure adequate 
perfusion. Pneumoperitoneum was released before the renal 
pedicle was cut and the kidney retrieved. A transverse incision 
connecting the 2 operating ports was made to allow the en-
try of half of a curled hand. The incision was retracted crani-
ally and ventrally by 2 large S hookers. The peritoneum was 
not violated, but it, along with the gastrointestinal tract, was 
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gently pushed away to expose the kidney and the renal pedi-
cle. A surgical space identical to that under the pneumoperito-
neum was established. Under direct laparoscope monitoring, 
the renal artery was clipped proximally with 2 Hem-o-lok clips 
and cut. The renal vein was clamped at the confluence of the 
renal vein at the inferior vena cava and the inferior vena cava 
and cut with a laparoscopic scissor so that the right renal vein 
contained a partial vena cava wall (Figure 2). The donor kidney 
was rapidly retrieved along the long axis of the kidney. The in-
cision on the lateral wall of the inferior vena cava was contin-
uously sutured using 4-proline and examined for active bleed-
ing or lymphatic oozing before the wound was closed in layers. 
The surgical steps are shown in Figure 3.

Data collection

Demographic and clinical data were collected from the hospital’s 
electronic clinical data system. Data on preoperative renal reten-
tion parameters, body mass index (BMI), blood group, and HLA 
status of both donors and recipients were obtained. Operative 
time was defined as the interval from the moment when pneumo-
peritoneum was established to the time when anastomosis of 
the vena cava incision was completed. Donor kidney warm isch-
emia time was defined as the interval from clamping of the re-
nal artery to the start of hypothermic perfusion. The trimmed 
length of the renal artery and vein of donor kidney and the time 
to extubation were recorded. The length of hospital stay was cal-
culated from the date of surgery to the date when the patient 
was discharged from the hospital. Delayed graft function was 
defined as the use of dialysis in the first postoperative week [9]. 
Recipients were followed up at our surgical outpatient clinic at 
3 months after surgery and after transplant renal function was 
noted. Complications in donors and recipients were recorded.

Statistical analysis

Data are expressed in mean±standard deviation (c±s) and were 
analyzed using SPSS 21 (SPSS, Inc., Chicago IL, USA).

Results

Donor characteristics

The present retrospective analysis included 81 donors who 
underwent right-sided retroperitoneoscopic LDN. They includ-
ed 31 males and 50 females, with a mean age of 47.1 years 
(range 21–63 years). There were 61 parent-to-child donors, 
5 spouse donors, and 15 sibling donors. Twenty donors and 
recipients had HLA mismatch in 1 locus, 22 donors and recip-
ients had HLA mismatch in 2 loci, and 4 donors and recipients 
had HLA mismatch in 3 loci. The donors and recipients were 
fully matched in ABO blood type. Lymphocyte crossmatch be-
tween donors and recipients was negative (<10%), and the 
recipient population reactive antibody (PRA) was negative 
(<10%). The demographic and baseline characteristics of the 
donors are shown in Table 1.

Operative characteristics

The mean operative time was 120.68±29.8 min. The mean 
warm ischemic time was 107.2±24.8 s. The estimate blood 
loss was 54.32 mL (range 50–400 mL). No transfusions were 

Figure 1.  A 2-cm longitudinal incision is made 2 cm medial 
and superior to the right Anterior superior iliac spine. 
A 0.5-cm and 1.0-cm transverse incision are made in 
the posterior axillary line inferior to the 12th rib and 
in the anterior axillary line inferior to the 12th rib tip, 
respectively. Three ports are established. The distance 
is 6–8 cm between the 2 subcostal operating ports, 
facilitating the connection of the 2 ports during kidney 
extraction and controlling incision length.

Figure 2.  G: Right renal vein; H: the origin of the right renal 
vein; I: the inferior vena cava; J: the second Hem-o-lok; 
K: the first Hem-o-lok; L: the right renal vein is incised 
along the broken line for routine extraction of the right 
kidney. M: The renal vein is clamped at its origin in 
the direction of the inferior vena cava using vascular 
clamps or renal pedicle clamps and the renal vein is 
incised along the broken line. The origin of the right 
renal vein and partial inferior vena cava are preserved.
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performed. Time to drainage tube removal was 3.31±0.82 
days (range 2–6 days). The median length of hospital stay 
was 7 days (range 4–13 days). The preoperative creatinine 
was 71.19±14.35 mmol/L at baseline and 93.67±21.76 mmol/L 
postoperatively. There was no intraoperative conversion to 
open donor nephrectomy.

Complications

There was neither intraoperative complication such as hem-
orrhage or lymph fistula nor kidney graft injury. There was no 
return to the operating theater and no readmissions within 
30 days after discharge.

Figure 3.  Surgical steps of right retroperitoneal laparoscopic live donor. nephrectomy. The renal fascia is opened (1), the ureter is 
fully dissociated (2), and then the right renal artery is dissected (3). The renal vein and the inferior vena cava are carefully 
dissected at their confluence (4). Then, the renal artery is clipped proximally (5), the renal vein is blocked at the confluence 
of the renal vein at the inferior vena cava and the renal vein is cut along with partial vena cava wall (6). The incision on 
the lateral wall of the inferior vena cava is then continuously sutured (7) and the vena cava after suturing is shown (8). 
A: the renal fascia; B: the right kidney; C: the ureter; D: the right renal artery; E: the inferior vena cava; F: the right renal vein.

7 8

Variables
Right-sided 

retroperitoneoscopic living 
donor nephrectomy

No. of cases 81

Gender (Male: Female) 31: 50

Age, years

 Mean  47.10±9.28

 Range 21.00–63.00

Body mass index, kg/m2

 Mean  23.06±2.69

 Range 15.90–28.70

American Society of 
Anaesthesiologists (ASA) risk 
status

 Mean  1.72±0.48

 Range 1–2

Site of kidney (left: right) 0: 81

Table 1. Donor characteristics.

Variables
Right-sided 

retroperitoneoscopic living 
donor nephrectomy

Operative time, min

 Mean  120.68±29.80

 Range 70.00–265.00

Warm ischemic time, sec

 Mean  49.26±3.86

 Range 40–60

Length of hospital stay, days

 Median 7.00

 Range 4.00–13.00

Creatinine (µmol/L)

 Preoperative  71.19±14.35

 Postoperative  93.67±21.76

Complications

 Yes 0
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Recipient outcomes

The demographic and baseline characteristics of the recipi-
ents are shown in Table 2. Right-sided retroperitoneoscopic liv-
ing donor nephrectomy was uneventful in all recipients. Urine 
flow started 1–3 min following restoration of renal blood flow. 
Delayed graft function was reported in 2 cases. There was no 
graft renal vein thrombosis, ureteral stricture, or other com-
plications. The recipients were followed up for duration of 3 
months to 10 years. No graft rejection occurred.

Discussion

This retrospective single-center study demonstrated that right 
laparoscopic LDN is a safe and effective surgical procedure 
for liver donor kidney transplant. There were no major intra-
operative or postoperative complications in donors or recip-
ients. Kidney graft function rapidly recovered, with no graft 
loss reported.

Traditional live donor nephrectomy is open surgery, which has 
a long incision, is invasive, and has a slow pace of recovery, 
which, to a great extent, hampered the development of living-
related renal transplant surgery. Clayman et al. [10] reported the 
first case of laparoscopic nephrectomy in 1991, ushering in the 
era of laparoscopic surgery. Four years later, Ratner et al. [11] 
completed the first transperitoneal laparoscopic live donor 

nephrectomy, which has since become popular at transplant 
centers because of its noninvasiveness, shortened length of 
hospital stay, faster recovery, and less steep learning curve vs. 
open surgery. In 1997, Wolf et al. [12] performed the first hand-
assisted laparoscopic nephrectomy, heralding the era of ma-
ture laparoscopic surgery for living-related donor kidney trans-
plant. Compared to traditional open surgery, LDN is minimally 
invasive and has a shorter length of hospital stay and faster 
recovery and has become the standard treatment for live do-
nor kidney retrieval [13,14]. Our surgical method is not a pure-
ly laparoscopic technique. In this technique, dissection of the 
kidney and dissociation of vessels are all undertaken under 
the laparoscope. We do not opt to block and transect the re-
nal pedicle, and complete suturing the vena cava under the 
laparoscope, which does not allow prompt donor kidney ex-
traction and perfusion, thus prolonging warm ischemia time. 
Immediate extraction of the donor kidney after transection of 
the renal pedicle followed by perfusion and then suturing the 
vena cava shortens warm ischemia time. During the surgery, 
an incision, which only allows entry of one hand, is made for 
extracting the donor kidney; this incision is far smaller in size 
vs. incision in conventional open nephrectomy. The right renal 
vein contains a partial vena cava, lengthening the right renal 
vein by 0.5–0.7 cm and also enlarging the caliber of the renal 
vein, which greatly decreases the difficulty of vessel anasto-
mosis. Meanwhile, renal vein blockade with Hem-o-lok clips 
reduces the right renal vein by 0.5 cm in length, thus greatly 
increasing the difficulty of vessel anastomosis for the intrin-
sically short right renal vein, as well as increasing the risk of 
vascular complications. For a right renal vein that differs up to 
1 cm in length, most transplant surgeons would prefer a lon-
ger renal vein for vessel anastomosis because of its ease and 
the reduced risk of vascular complications. Our approach in 
donor kidney extraction and vessel suturing does not expose 
donors to greater risks. There have been reports of Hem-o-
lok clip loosening and falling off, leading to massive bleeding 
and death; however, no bleeding occurred in our patients us-
ing our approach over the past 10 years at our center. The cal-
iber of the vena cava changes with respiration, but we did not 
observe any complications due to impaired blood flow in the 
vena cava. The advantages of laparoscopic surgery are its pre-
cision, accuracy, and fineness, in addition to faster recovery 
and shortened hospital stay. We put greater emphasis on re-
nal vessel length and vessel anastomosis over faster recovery 
and shorter hospital stay of donors. In our approach, separa-
tion of the kidney and the pedicled vessels is undertaken en-
tirely under the laparoscope, with minimal bleeding. In addi-
tion, the vena cava is sutured with laparoscopic instruments 
under the laparoscope. Because the incision is made for the 
purpose of donor kidney extraction, not for suturing the vena 
cava, the donor kidney can be promptly extracted, which is dif-
ferent from using a far larger incision in open surgery, which 
greatly increases trauma of donors.

Variables
Right-sided 

retroperitoneoscopic living 
donor nephrectomy

No. of cases 81

Gender (Male: Female) 19: 8

Age, years

 Mean  30.57±9.02

 Range 18-53

Length of hospital stay, days

 Median  17.69±8.16

 Range 6-48

Complications, n % 7.41

Creatinine (µmol/L)

Preoperative  1040.87±271.97

Postoperative  411.86±182.27

Follow up at 3 months  115.50±35.50

Table 2. Recipient characteristics.
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Renal transplant surgery is now widely performed in China, 
but the scarcity of donor kidneys has severely hampered the 
development of renal transplant surgery. As a result, living-
related donor renal transplant has received increasing atten-
tion. Laparoscope LDN can be roughly categorized into laparo-
scopic peritoneal and laparoscopic retroperitoneal LDN. Most 
surgeons in China consider that laparoscopic retroperitoneal 
LDN causes less trauma to peritoneal organs and has a lower 
risk of postoperative gastrointestinal complications and perito-
neal infections, while retroperitoneal LDN is only performed at 
a few transplant centers outside of China, as surgeons prefer 
the ample space and clear anatomic landmarks in transperito-
neal laparoscopic surgery [15]. Currently, there is no evidence 
that transperitoneal LDN is superior to retroperitoneal LDN, 
and surgeons choose transperitoneal or retroperitoneal LDN 
mainly based on their technical dexterity. Our transplant cen-
ter has performed laparoscopic living-related LDN since 2009 
in 264 cases and has achieved satisfactory outcomes. No donor 
bleeding or deaths have occurred. Right retroperitoneal lapa-
roscopic live donor nephrectomy is minimally invasive and is 
readily acceptable to donors as they suffer less pain and have a 
rapid recovery. Between April 2009 and February 2013, we per-
formed right retroperitoneal laparoscopic live donor nephrec-
tomy in all cases with excellent outcomes. The right kidney is 
lower than the left kidney, and subcostal transverse incision 

in right retroperitoneal laparoscopic live donor nephrectomy 
allows direct access to the surgical area. In addition, the ex-
cellent field of view permits relatively easy handling of the re-
nal pedicle. Although the right renal vein is shorter, there is no 
confluence of the adrenal vein and gonadal vein, which facil-
itates handling of the right renal vein. Bachir et al. [16] found 
no significant difference in bleeding incidence and frequency 
of postoperative thrombosis in left vs. right LDN.

Conclusions

Right retroperitoneal laparoscopic live donor nephrectomy is 
safe and effective for renal transplant in living-related renal 
transplant by laparoscopic excision and extraction of the right 
kidney with vena cava flap.
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