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Abstract
Objective: Donors’ health and safety are mandatory in the 
living-donor kidney transplantation procedure. Laparoscop-
ic live donor nephrectomy (LLDN) provides an increase in 
donor numbers with its benefits and becomes a standard of 
care. We aimed to explain the results, complication rates, 
tips, and tricks of the largest number of LLDN case series ever 
performed in the literature. Materials and Methods: Be-
tween August 2012 and December 2019, 2,477 live donor 
case files were analyzed retrospectively. Age, gender, hospi-
talization times, body mass index, warm ischemia times, op-
eration times, numbers of arteries, side of the kidneys, and 
complications were noted. Results: 1,421 (57.4%) of 2,477 
donors were female (p = 0.007). Operation times and warm 
ischemia times were found longer in right-sided LLDN and 
donors with multiple renal arteries (p = 0.046, <0.001, and 
<0.001, respectively). Obesity (BMI >30 kg/m2) did not affect 

warm ischemia times while prolonging the operation times 
(p = 0.013). Hospitalization times and numbers of complica-
tions were higher in obese donors. Conclusions: LLDN seems 
to be a reliable solution with fewer complications and high-
er satisfaction rates. We hope to illuminate the way with tips 
and trick points for beginner transplant surgeons based on 
the experience obtained from 2,477 LLDN cases.

© 2020 S. Karger AG, Basel

Introduction

Nowadays, kidney transplantation is the optimal treat-
ment for end-stage renal disease (ESRD) patients [1]. The 
dead-end for the transplantation is lower numbers of the 
graft kidneys. After live donor nephrectomy starts being 
performed by surgeons, the pool of the graft has enlarged. 
There are several surgical procedures for harvesting the 
kidneys from live donors. At present, laparoscopic live 
donor nephrectomy (LLDN) is a standard surgical meth-
od that was defined by Ratner et al. in 1995 [2].

LLDN encourages people to kidney donation [3]. 
Many transplantation centers use LLDN as a standard 
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technique. Reduced recovery times, less postoperative 
pain, better cosmetic results, and lower costs are the main 
benefits of laparoscopy. No significant differences were 
found between LLDN and open donor nephrectomy 
(ODN) about graft functions [4–6].

Beyond all advancements, there are still risks and com-
plications, especially bleeding, thromboembolism, vascu-
lar/ureteral injuries, prolonged surgery and ischemia 
times, postoperative chylous leakages, and lymphocele [7, 
8]. In this study, we aimed to elucidate the results, com-
plications rates, tips, and trick points of LLDN in our 
practice.

Materials and Methods

Data Collection
The study period was defined between August 2012 and De-

cember 2019. The results of 2,477 LLDN that were performed in 
Antalya Medical Park Hospital Organ Transplantation center were 
analyzed retrospectively. After obtaining the local ethics commit-
tee approval (No. 2020/7), live donors’ medical, surgical, and psy-
chosocial conditions were extensively evaluated. The laterality of 
the donor’s kidneys was determined scintigraphically according to 
their separated kidney functions and the number of arteries de-
tected by computerized tomography.

Live donor case files were analyzed and their age, gender, hos-
pitalization times (HT), body mass index (BMI), warm ischemia 
times (WIT), operation times (OT), numbers of arteries, side of the 
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Fig. 1. Surgical tips: anatomic landmarks for trocar entries (a), location of trocars (b), ureter and gonadal vein 
(c), and Pfannenstiel incision (d).
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kidneys, conversion to open surgery, and other postoperative 
complications were noted. Eight LLDN were completed with ODN 
because of vascular injury during hiler dissection.

All data were evaluated by IBM SPSS Statistics version 22 (IBM 
SPSS, Turkey). The Mann-Whitney U test or Kruskal-Wallis test 
was used for numerical variables. For analyzing the categorical 
data, the χ2 test or Fisher test was used. p value <0.05 was consid-
ered statistically significant.

Surgical Method
All LLDN were performed transperitoneally by 3 surgeons. 

After the patient was placed in a lateral decubitus position, the 
operation table was flexed. Generally, 3 trocars were used. For 
30° optic entry, the 10-mm trocar was placed lateral to the rectus 
muscle over umbilicus, with a modified Hasson technique [9], 
the 5-mm trocar was placed under the arcus costalis (midaxillary 
line), and the other 10-mm trocar was placed one-third of the 
distance laterally on a line drawn from the umbilicus to the left/
right anterior superior iliac spine (SIAS) (shown in Fig. 1a, b). 
The insufflation pressure was 14 mm Hg. After mobilizing and 
mediating the colon, Gerota’s fascia was opened. The gonadal 
vein and ureter were dissected and then clipped and extracted 
together for not deteriorating the ureter’s blood supply (shown 
in Fig. 1c). After identifying the renal vein and renal artery, ad-
renal and lumbar veins were clipped and then cut by scissors. 
During the cutting of the adrenal vein, 20-mg furosemide was 
injected intravenously by anesthesiologists. Low transverse su-
prapubic (Pfannenstiel) incision was made for extracting the 
kidney (shown in Fig. 1d). Each renal vein and the renal artery 
were clipped with 3 large or extra-large Hem-o-lok clips. (After 
using the clips on 1,860 patients, we switched to vascular sta-
plers.) The kidney was manually extracted through the incision 
with Gerota’s fascia. On the back table, the kidney was flushed 
with papaverine and HTK solution fluid and then stored on ice 
slush.

Results

Overall statistics of 2,477 LLDN are shown in Table 1. 
The number of female donors was higher than males 
(1,421 vs. 1,056; p = 0.007). However, female donors’ WIT 

and OT were shorter (p = 0.008 and 0.001, respectively). 
HT is not affected by gender (shown in Table 2).

2,415 of 2,477 LLDN were left sided (lLLDN). When 
comparing WIT by sides, right-sided LLDN (rLLDN) had 
longer times (p < 0.001). The median OT results seemed 
similar (72 ± 40–210 vs. 78.5 ± 50–210). As expected, the 
existence of multiple arteries extended the OT and WIT 
(shown in Table 3). We noticed that obesity was related 
to longer OT, HT, and postoperative complications 
(shown in Table 4). Operation times changing by years 
are shown in Figure 2.

Discussion

Living donor nephrectomy is against the first rule of 
the medicine, “primum non nocere” [10]. A healthy hu-
man’s healthy organ is extracted from him and trans-
planted to another person. In the beginning, kidneys were 
harvested from only cadavers and that is why ESRD pa-
tients have to wait long years for the right kidney. Through 
the development of technology and surgical techniques, 
LLDN has been begun to be performed, and it enlarges 
the pool of kidney donation.

Table 1. Overall statistics of donors

Mean Standard deviation

Age, years 47.23 13.37
OT, min 77.15 16.78
WIT, s 210.8 54.6
BMI, kg/m2 27.73 5.15
HT, day 3.2 0.6

OT, operation time; WIT, warm ischemia time; HT, 
hospitalization time; BMI, body mass index.

Table 2. Comparison of data of the patients by gender

Gender p value

female male

Age, years 47 (18–87)* 48 (18–85)* 0.75
N (%) 1,421 (57.4) 1,056 (42.6) 0.007
BMI, kg/m2

<30 932 (65.6%)a 818 (77.5%)a <0.001
>30 489 (34.4%)a 238 (22.5%)a

HT, day 3 (2–9)* 3 (2–7)* 0.8
WIT, s 191 (113–492)* 192 (120–492)* 0.008
OT, min 72 (40–210)* 75 (50–210)* 0.001
Graft side

Left 1,380 (57.1%) 1,035 (42.9%) 0.19
Right 41 (66.1%) 21 (33.9%)

Arteries, n
1 1,133 (79.7%) 801 (75.9%) 0.06
2 250 (17.6%) 216 (20.5%)
3 36 (2.5%) 34 (3.2%)
4 2 (0.1%) 5 (0.5%)

WIT, warm ischemia time; OT, operation time; HT, 
hospitalization time; BMI, body mass index. * Median (min-max) 
values. a  The values with the same letters are not statistically 
different (p < 0.001).
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Cadaveric organ donation is very rare, 7 per million, 
especially in our country [11]. Therefore, donor’s health 
and safety are gaining importance in LLDN operations. 
Surgeons must avoid complications that affect the health 
of donators.

Obesity is the greatest problem in this era all around 
the world. In some countries, living kidney transplanta-
tion guidelines recommend that obese donors (BMI >30 
kg/m2) must be evaluated carefully before the operations 
[12, 13]. Because of lack of experience, we selected young 
female donors for LLDN, initially. Previously, our choice 
was ODN for obese donors. Before performing laparo-
scopic techniques on the first obese donor, we had already 
completed 2,552 ODN. We reflected the experience 
gained in open surgery on LLDN and realized that it eas-
es the procedure of kidney donation. Our donor’s mean 
BMI was higher than many studies in the literature [14–
18]. The rate was 29.3%, and nearly 1 of 3 donors was 
obese. OT were longer in the obese group (p = 0.013). For 

WIT, there was no significant difference between obese 
and nonobese donors. Despite some authors pointed out 
that obesity did not extend the OT and WIT significantly, 
2 studies’ results published by Marcelino et al. [22] and 
Schussler et al. supported ours [19–23]. As time pro-
gressed, with the improvement of our surgeons’ skills, OT 
in obese donors has become similar to that in nonobese 
donors.

In our study, complication rates such as wound infec-
tion, trocar hernia, chylous ascites, and vascular injuries 
were higher in obese donors. Six of 8 donors, whose op-
eration was completed by open donor nephrectomy be-
cause of vascular injury, were obese. Chylous ascites is 
very rare in LLDN. There is no need of treatment for as-
ymptomatic patients. However, percutaneous/internal 
drainage, laparoscopic, or open surgery may be the op-
tions for lymphocele depending on its severity [24, 25]. 
We have only 4 patients who experienced chylous ascites 
postoperatively. One patient was reoperated with severe 

2012

100

80

M
in

ut
es 60

40

20

0
2013 2014

Operation times by years

2015
Years

OT

2016 2017 2018

Table 3. Effects of BMI, graft side, and artery number on OT and 
WIT

OT, min p value WIT, s p value

BMI, kg/m2

<30 72 (40–210) 0.013 191 (113–492) 0.143
>30 74 (40–210) 192 (120–492)

Graft side
Left 72 (40–210) 0.046 192 (113–492) <0.001
Right 78.5 (50–210) 245.5 (120–492)

Arteries
Single 72 (40–210) <0.001 190 (113–492) <0.001
MRA 79 (50–210) 240 (121–492)

Values denote median (min–max). MRA, multiple renal 
arteries; WIT, warm ischemia time; OT, operation time; BMI, 
body mass index.

Table 4. Effects of BMI on HT and complications

BMI

<30 kg/m2 >30 kg/m2

Complications
Vascular injury 2 6
Wound infection 2 6
Chylous ascites 0 4
Fever 3 1
Trocar hernia 1 4
Pneumothorax 0 1

HT, days 3 (2–7)* 3 (2–9)*

HT, hospitalization times; BMI, body mass index. *  Median 
(min-max) (p = 0.013).

Fig. 2. Operation time change by years. OT, 
operation time.
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abdominal pain symptoms, fever, and decreased appetite. 
In addition to these, hospitalization times were longer in 
obese donors.

Some authors pointed out that surgeons could be able 
to complete their learning curve of LLDN with nearly 100 
operations [26]. We believe that in our center, surgeons 
have performed an adequate number of LLDN opera-
tions. Consequently, in the beginning, our OT was near-
ly 210 min; as time passed, it gradually decreased to 40 
min in some cases. The main cause of this score was the 
high volume of kidney transplantation that has per-
formed in our center. Besides, high numbers bring expe-
rience.

Different opinions were mentioned in the literature 
about the complexity of the rLLDN. Based on the shorter 
right renal vein and the right renal artery’s early branch-
ing, rLLDN is more complicated than lLLDN. In contrast, 
some authors reported that rLLDN could be performed 
safely as the lLLDN by skilled and experienced surgeons 
[27, 28]. rLLDN has a steep learning curve. When sur-
geons get mastered the laparoscopy technique, complica-
tion rates and operation times may decrease in both 
lLLDN and rLLDN [27, 29]. Our results show that rLLDN 
median OT was longer than the lLLDN’s (p = 0.046). Ac-
cording to us, the main reason for this result is close at-
tention that has been paid to dissection of the short right 
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Fig. 3. Laparoscopic tips: laparoscopic and normal sponges (a), usage of laparoscopic sponges (b), and usage of 
Hem-O-lok clips (c, d).
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renal vein. Considering the recipient’s operation, the sur-
geon must clip the right renal vein closest to the vena cava 
inferior, which means additional time loss.

In our study, WIT is defined as the time that passes 
between the clamping of renal artery in LLDN to the kid-
ney’s cold perfusion on the back table. WIT is related to 
the graft functions tightly. The more extended period of 
WIT reduced the graft functions, and lengthened hospi-
talization times also cause interstitial fibrosis/tubular at-
rophy on the graft. They may increase the risk of chronic 
allograft nephropathy, which ends with graft loss [30, 31]. 
When comparing median WIT by sides of LLDN, left sid-
ed was shorter. Quite different results were found in the 
literature [32, 33]. As explained, we thought the differ-
ence sourced from the dissection of the right renal vein 
and artery.

Multiple renal arteries (MRA) in LLDN are a real chal-
lenge for surgeons. Vascular injuries or longer operation 
times could be seen on both donors and receivers; as a 
result of this, graft function might deteriorate. Al-Oraifi 
et al. [34] noticed that operation times are longer in MRA. 
WIT was also found longer in another study [35]. Our 
results were parallel to the previous studies.

We have always extracted the kidney grafts with their 
Gerota’s fascia. In our practice, we realized that Gerota’s 
fascia is connected to the kidney’s capsule tightly, espe-
cially in male donors older than 50 years with a muscular 
body. Unnecessary dissection of Gerota’s fascia during 
LLDN may cause subcapsular kidney injuries. Besides, 
surgeons must be cautious of ureteral dissection because 
ureteral injuries are mostly seen in LLDN [36]. We pre-
ferred the Pfannenstiel incision for extracting the kidney. 
The incision started 3–4 cm medial from SIAS and ended 
2–3 cm to the linea alba. The rectosigmoid junction is lo-
cated close to the skin below this line, so surgeons should 
be careful about not damaging the intestines. While ex-
tracting the kidney, surgeons should be fast but not be 
panicked. At the time of starting LLDN, we routinely 
placed a soft drain on the surgery site. After gaining 
enough experience, we have only used soft drains in se-
lected patients with bleeding risk.

Another point that needs to be emphasized is “the us-
age of laparoscopic sponges.” In the first cases, we aggres-
sively cauterized even minor bleedings, which causes an 
excessive amount of smoke. As known, smoke leads to 
blurring of the vision during laparoscopic surgery. Nurs-
es tried to outflow the smoke from the intra-abdominal 
space, visual optics need to be cleaned, and all these steps 
were repeated, which means a waste of time. After that, 
we began to use small-sized sponges that were suitable to 

pass through the trocars (shown in Fig.  3a). Pressing 
sponges in minor bleedings was more useful than cauter-
ization (shown in Fig.  3b). This trick point allows sur-
geons to continue kidney dissection instead of dealing 
with minor bleedings.

Another noteworthy point of LLDN, during hiler 
dissection, is controlling renal veins and arteries. Adi-
pose and connective tissues around the wall of arteries 
and veins must be dissected carefully before clipping 
[37]. The veins with diameter >4 mm, which drain into 
the renal vein, should be clipped with XL clips and then 
sealed and cut using energy sources. Two standard sur-
gical devices are generally used for clamping: Hem-o-
lok clips and staplers. They have both advantages and 
disadvantages. Using clips provides more length for 
vascular anastomosis, but they might slip. Slipping of 
the clips causes hemorrhage perioperatively and may 
cost donors’ life. In some cases, slippage may be delayed 
for hours or days. After using Hem-o-lok clips at 1,860 
LLDN, we switched to vascular staplers for the rest of 
617 LLDN upon the FDA’s advice and the Ministry of 
Health. No complications have been seen related to the 
clips that were used before. The tricks of using Hem-o-
lok clips safely are adequate tissue dissection, seeing the 
closed configuration of the latching mechanism end 
side of the vessel wall, and feeling the “click” when com-
pressing the applicators (shown in Fig. 3c, d). We used 
3 clips for both the renal artery and vein. Staplers trans-
fix the vessel walls and are safer when considering the 
hemorrhage. However, their diameters are wider than 
clips; therefore, surgeons have to face the length loss of 
vessels. Misfiring and costs are other handicaps [38, 
39].

Limitations
The most important limitation of this study is its ret-

rospective design. Some cases were excluded from the 
study for missing data. Considering the duration of the 
study, we may have overlooked some perioperative and 
postoperative complications.

Conclusion

Cadaveric donation is still not usual in Turkey. Over 
5,000 kidney transplantations have been performed in 
our center since 2009. Nearly half of the donor operation 
was completed by open surgery. LLDN seems to be a reli-
able solution for enlarging the donation pool with fewer 
complications and higher satisfaction rates. We shared 
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our results, tips, and trick points based on the experience 
obtained from 2,477 LLDN cases to light the way for be-
ginners.
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