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Abstract 

Background:  Laparoscopic donor nephrectomy (LDN) has been established as a surgical standard for living kidney 
donation. The aim of this work is to report our own experience with LDN regarding outcome and technique.

Methods:  We prospectively identified 110 LDN cases between May 2017 and April 2020. Donor case files and 
operative notes were analyzed for age, sex, laterality, body mass index, warm ischemia time (WIT), intraoperative and 
postoperative complications, operative time, and length of hospital stay (LOS). Data were analyzed using SPSS version 
10 (SPSS: An IBM Company, IBM Corporation, Armonk, NY, the USA).

Results:  The mean age was 38 years, and 77% were males. Three cases (2.72%) required conversion to conventional 
open donor nephrectomy (ODN). Nevertheless, none of cases required intraoperative blood transfusion. The mean 
WIT was 2.6 min. Two cases (1.8%) developed major vascular injury (Clavien grade IIIb) and required conversion to 
ODN. Postoperatively, one patient (0.9%) needed transfusion of one unit of packed RBCs (Clavien grade II). The mean 
LOS was 2 days. Most common early postoperative complication was ileus (Clavien grade II) that developed in 4 
(3.6%) cases. Incisional hernia (Clavien grade IIIb) was encountered in two (1.8%) cases. Two (1.8%) cases developed 
wound infection at the incision site and treated conservatively (Clavien grade I).

Conclusions:  LDN is a safe technique with accepted intraoperative and postoperative morbidity. It offers short hos-
pital stay, better cosmesis and early convalescence. In experienced hands, it can effectively deal with various vascular 
and ureteral anomalies without compromising early graft function.
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1 � Background
Compared to dialysis, kidney transplantation is the best 
treatment option for patients with end-stage renal dis-
ease (ESRD), with significantly better survival rates [1]. 
Advancement in surgical techniques, improvements 
in postoperative care, specialized immunosuppressive 
treatment protocols, and increased rate of live kidney 
donations have certainly improved kidney transplant 
outcomes [2]. Additionally, live kidney donation offers 

numerous significant advantages, including shorter 
waiting time for transplantation, higher quality renal 
grafts, elective surgical setting, and an opportunity for a 
preemptive transplant [3, 4].

In 1995, Ratner performed the first laparoscopic donor 
nephrectomy (LDN), which later became the most 
accepted standard surgical technique for donor surgery 
in renal transplantation [5]. Since it was first applied 
and till now, LDN has continuously evolved with vari-
ous modifications and approaches and has become the 
gold standard. Moreover, multiple studies demonstrated 
short- and long-term results which are comparable to 
open donor nephrectomy [6–8].
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A low rate of complications for the donors and ade-
quate graft function should always be the critical targets 
for any transplantation team. Application of minimally 
invasive technique for kidney donations obtains a great 
advantage in terms of increased compliance with dona-
tion when the laparoscopic technique is accessible [8–
13]. Worldwide, the living kidney donation rate increased 
significantly after the implementation of minimal inva-
sive donor nephrectomy techniques [3, 13].

LDN has reported acceptable donor morbidity and 
mortality while achieving favorable graft outcomes. LDN 
decreases the incidence of adverse outcomes of open 
living-donor nephrectomy and improves the prospects 
of LDN, thus making it more appealing to prospective 
donors. LDN decreases postoperative pain, shortens con-
valescence, and improves cosmetic outcomes [13–16].

We started our first LDN in our center (Almowasah 
Alexandria University Hospital) in May 2017. The aim of 
this work is to report our own experience with LDN in 
terms of outcome as well as our technique.

2 � Methods
We identified 110 LDN cases that were performed 
between May 2017 and April 2020 in Almowasah Alex-
andria University hospital to be included in the study. 
Each donor has been assessed preoperatively to exclude 
any medical and surgical conditions that could be a con-
traindication for renal donation. This assessment encom-
passed detailed medical, surgical, and drug history. 
Complete clinical examination was performed. Labora-
tory and radiological investigations were reviewed. Each 
donor was subjected to a regular follow-up period up to 
3  months after surgery. All complications were graded 
according to Clavien–Dindo [17]. Data were analyzed 
using SPSS version 10 (SPSS: An IBM Company, IBM 
Corporation, Armonk, NY, the USA).

The following data were collected for each donor.

2.1 � Preoperative

–	 Demographics (Age, Gender)
–	 Body mass index (BMI)
–	 Living related or Living unrelated
–	 Laboratory

•	Complete blood count.
•	Coagulation profile
•	Electrolytes
•	Renal function tests
•	Liver function test
•	Viral markers
•	Urine tests and analysis
•	Parathormone level

•	Blood grouping
•	Human leukocyte antigen (HLA) typing
•	Flow cytometric cross-matching with the recipi-

ent.

–	 Radiological

•	Chest X-ray.
•	Echocardiogram
•	Ultrasound abdomen & pelvis.
•	Renal isotope scanning.
•	Renal computerized tomography (CT) angiogra-

phy: Radiological variations related to renal vascu-
lature or the ureter.

2.2 � Operative

–	 Side (right or left)
–	 Operative time
–	 Warm ischemia time (WIT): defined by the time 

lapse between application of the first Hem-o-lock to 
the renal artery (the second renal artery in cases of 
double arteries) and delivering the kidney in to the 
bedside ice basin on the back table

–	 Estimated blood loss (EBL)
–	 Need for blood transfusion
–	 Intraoperative complications
–	 Need to conversion to open
–	 Incision length

2.3 � Postoperative

–	 Length of hospital stay (LOS).
–	 Need for blood transfusion.
–	 Postoperative complications.

2.4 � Anesthetic consideration for LDN
Under routine general anesthesia, two wide bore cannu-
lae were inserted. Diuresis is induced by mannitol 20% 
(1  g/kg IV) or by using furosemide (0.5–1  mg/kg IV) 
in few cases. Pain control is done either by narcotics or 
paravertebral block. Urine output was maintained at a 
brisk rate using aggressive intravenous hydration, sup-
plemented with diuretics, and 5000 U of unfractionated 
heparin (when there was no contraindication) was given 
just prior to the renal artery occlusion.

2.5 � Surgical technique
The technique was transperitoneal laparoscopic proce-
dure, given the increased security that it provides to the 
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surgeon. Patients were in a flexed, lateral decubitus posi-
tion, we use closed entry technique in all cases. Pneu-
moperitoneum is initiated by Veress needle at Palmer’s 
point with initial pressure adjusted at 10–12  mmHg. 
Then, 1.5  cm incision at or above umbilicus for visual 
trocar 10  mm trocar then another 2 trocars inserted 
under vision 10  mm trocar below costal margin and 4 
finger away from visual trocar and 5  mm trocar at the 
Mcburney point for right LDN and reverse in left donor 
nephrectomy (Fig. 1).

The procedure commences by reflecting the colon at 
white line till we reach ureter or gonadal vein as land-
mark then completely dissecting cephalic along the ure-
ter till we reach the pedicle, we use harmonic scalpel in 
all cases for dissection (Fig. 2).

Then, we completely dissect and skeletonize the artery 
and the vein using harmonic scalpel and laparoscopic 
Maryland grasper. Gonadal and lumbar veins were con-
trolled. Then, we completely free the upper pole and lat-
eral border of the kidney (Fig. 3).

When we are ready, small incision is done at the site of 
the lower trocar about 3–8 cm we cut till superficial mus-
cle layer. The innermost muscle layer is left intact at this 
point to keep the pneumoperitoneum till hilar control 
and specimen extraction. We use Hem-o-lock Polymer 
Ligating Clips Medium sized for controlling artery, vein 
and ureter.

We start first by controlling the ureter at the level of 
pelvic brim by application of one clip without cutting the 
ureter. Afterward, renal artery is controlled by applica-
tion of two clips; then, renal vein is controlled by another 
two clips. We then proceed with cutting the artery, vein 
and lastly ureter just proximal to the previously applied 
clips using laparoscopic scissors. At this point, the kid-
ney becomes completely free of any attachment. A lapa-
roscopic grasper is introduced through the trocar at the 
extraction site to grasp the kidney by its perinephric fat.

Pneumoperitoneum is discontinued at this point. 
Incision at the extraction site is completed by incision 

of inner muscle layers and peritoneum using electro-
cautery. The kidney is dragged by pulling the grasper 
out of the incision, and the kidney is gently delivered 
into kidney basin with ice for perfusion.

The inner muscle layer of the incision is closed. Then, 
we re-establish pneumoperitoneum again to check 
hemostasis. If further clip is required for hemostatsis, 
we re-insert the 10-mm trocar again through the inci-
sion under vision. 18 Fr nylon catheter drain is placed 
under vision usually from visual trocar. Incision is 
closed in layers.

Fig. 1  Trocar position for Lt LDN

Fig. 2  After reflecting the colon, the ureter is being followed till the 
pedicle in Lt LDN

Fig. 3  Completely dissecting renal artery and vein (left LDN)
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The postoperative protocol included analgesia with 
intravenous ketorolac on-demand (limited number of 
doses for only one day), removal of the Foley catheter on 
postoperative day 1 and advancing to a regular diet on 
day 2.

3 � Results
The mean age for the studied donors was 38  years, and 
77% were males. Regarding the relation with the recipi-
ent, 80% of donors were not related. 19 (17%) cases pos-
sessed more than one renal artery (accessory or double 
renal artery). One case had a double ureter down to the 
bladder (Table 1).

Table  2 shows operative parameters for the study 
group. Left kidney was retrieved in most of cases (75.4%). 
Three cases (2.72%) required conversion to conventional 
open donor nephrectomy (ODN). Nevertheless, none 
of cases required intraoperative blood transfusion. The 
mean WIT was 2.6  min. Two cases (1.8%) developed 
major vascular injury (Clavien grade IIIb), and this neces-
sitated conversion to ODN.

Postoperatively, one patient (0.9%) needed transfusion 
of one unit of packed RBCs (Clavien grade II). The mean 
LOS was 2 days. Most common early postoperative com-
plication was ileus (Clavien grade II) that developed in 4 
(3.6%) cases. Incisional hernia (Clavien grade IIIb) was 
encountered in two (1.8%) cases. Two (1.8%) cases devel-
oped wound infection at the incision site and treated 
conservatively (Clavien grade I) (Table 3).

4 � Discussion
Donor nephrectomy has always been considered a 
unique major procedure because the operation involves 
an otherwise healthy individual subjected to the haz-
ards of a major operation entirely for altruistic purposes 
[18, 19]. Additionally, the ultimate graft function can be 

hazardously affected by complications that may happen 
during donor surgery [20].

LDN has revolutionized the living kidney transplanta-
tion and has made donation more appealing. With com-
parable functional outcomes, LDN offers shorter LOS, 
less postoperative pain, a faster return to normal activity 
and improved cosmesis. Demonstrating safety and faster 
recovery has resulted in increase in the number of living 
donation since its adoption as a gold standard technique 
in the last decades [13–16].

After a long experience in ODN, we started to apply 
transperitoneal LDN to keep pace with development in 
the donor techniques in our center. During this period, 
we collected data of 110 LDN to share our technique and 
outcomes in 3-year experience. While the literature is 
replete with LDN series that encompass even much more 
number of cases [16], we still believe that our data worth 
publishing and that our experience to be shared. First, we 
are unaware of any previous study from Egypt that dis-
cusses LDN or including this number of cases. Second, 
LDN is still considered a novel technique to be adopted 
with this rate of cases in our country and our center pos-
sesses the highest LDN volume during the last few years. 
Third, while the financial aspects held against the use of 
modern and relatively expensive laparoscopic tools like 
vascular staplers for hilar control and disposable bags for 
specimen extraction. Alternatively, we used traditional 
relatively non-expensive tools that fit our economics and 
still showed high reliability and safety. This makes LDN 

Table 1  Demographics and preoperative data

Age, ys (range) mean ± SD (22–50) 38 ± 12

Sex, no (%)

 Male 85 (77%)

 Female 25 (23%)

BMI, kg/m2(range) mean ± SD (23–32) 28.7 ± 2

Relationship, no (%)

 Living related 22 (20%)

Non-related 88 (80%)

Vascular and ureteral variations on preoperative CT, no (%)

 Non-single renal artery 19 (17%)

 Non-single renal vein 5 (4.5%)

 Ureteral duplication 1 (0.9%)

Table 2  Intraoperative data for the study population

Kidney side, No (%)

 Left 83 (75.4%)

 Right 27 (24.6%)

EBL, ml (range) mean ± SD (60–500)100 ± 40

Operative time, min (range) mean ± SD (52–170)72.8 ± 16.2

WIT, min (range) mean ± SD (1.5–5) 2.6 ± 1.1

Conversion to open, no (%)/Clavien Grade 3 (2.72%)/IIIb

Need for blood transfusion, no (%) 0 (0%)

Length of incision, cm (range) mean ± SD (7–12) 9 ± 1.2

Intraoperative complications, no (%)/Clavien grade

 Major vascular injury 2 (1.8%)/IIIb

Table 3  Postoperative findings for the study population

LOS, days (range) mean ± SD (1–6) 2.0 ± 1.0

Need for blood transfusion, no (%)/Clavien grade 1 (0.9%)/II

Postoperative complications, no (%)/Clavien Grade

 Wound infection 2 (1.8%)/I

 Ileus 4 (3.6%)/II

 Incisional hernia 2 (1.8%)/IIIb
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still applicable in other centers with similar financial 
circumstances.

We opted in this study to focus on LDN regarding 
technique and outcomes. Worth to mention that we did 
not encounter any graft insults during recipient surgery. 
Recipient surgeons were satisfied with the resultant vas-
cular and ureteral anatomy that allowed easy anastomo-
sis. However, this was not mentioned in our results as 
it is beyond the scope of this study. Additionally, we did 
not compare LDN to our previous and concurrent ODN 
cases as we chose only to focus on LDN performance in 
this work.

Some studies have questioned the safety of Hem-o-
lock clips in sealing renal artery and vein [21, 22]. We 
confirmed their safety in our series as we did not get any 
complications regarding this issue. Left side was the most 
commonly retrieved side which is mindfully attributed to 
more favorable anatomy. A shorter right renal vein was 
managed by upwards traction of the freely mobilized kid-
ney during Hem-o-lock application and placing the distal 
Hem-o-lock in flush with inferior vena cava. Additionally, 
LDN showed a great success in dealing with different vas-
cular and ureteral variations without compromising graft 
function.

The overall outcome was in concordance with the LDN 
literature [13–16]. Despite the steep learning curve, our 
mean operative time was 72.8  min. It should be stated 
that LDN was performed by surgeons with excellent lapa-
roscopic skills for other kidney procedures but not LDN. 
Moreover, they possess frequent exposure to ODN. These 
combinations of skills may have had impact on mastering 
this newly adopted technique in a relatively short period.

This study may be regarded as a smooth transition from 
the ODN to the LDN. This transition is exhibited by a 
low conversion rate to ODN. Three cases were converted 
to ODN, first two cases represented our initial experience 
and were due to bleeding and these two patients did not 
require blood transfusion or surgical re-exploration. The 
third case was converted because of complex anatomy 
and hence failure to progress. We do not have any expe-
rience in hand-assisted laparoscopic nephrectomy or any 
available equipment for this approach, and thus, the con-
version was directly to ODN.

Additionally, our LDN complication rate was also com-
parable with the rates reported in this literature [13–16, 
23, 24]. We encountered a total of 9/110 (8.1%) postop-
erative complications and most of them were managed 
conservatively. Two cases developed postoperative inci-
sional hernia. These two patients were specifically of high 
BMI, and surgical closure of extraction site was demand-
ing. They sought surgical correction beyond the designed 
3-month follow-up period with mesh repair. The mean 
LOS was 2 days. Few patients required longer stay which 

was directly related to operative and postoperative com-
plications, especially postoperative ileus. On patient 
received one unit of packed RBCs due to low postop-
erative hemoglobin level owing to previously mentioned 
intraoperative incidence of bleeding.

WIT was comparable with the literature [13–16]. We 
followed three technical tips in a trial to minimize the 
WIT to lowest possible level even if theoretically. First, 
confirming that the kidney is completely mobilized with-
out any peripheral attachments prior to pedicle control. 
Second, we start with application of first Hem-o-lock to 
the ureter before arterial clipping. Lastly, incision of skin, 
subcutaneous fat and outer muscle layer shortens the 
period of specimen extraction while still keeping effective 
pneumoperitoneum.

Despite being beyond the aim of this study, our grafts 
survival rates were comparable to those reported in 
recent studies [16, 25]. However, another study with a 
longer period of follow-up is essential to better elucidate 
this conclusion.

Some limitations do exist for the current study. First, 
it did not include a comparison with ODN arm that will 
certainly better show the impact of LDN on donor mor-
bidity, postoperative pain, hospital stay. Second, we did 
not include a cost analysis that may play a vital role in the 
applicability of such procedure in developing countries. 
Third, a longer follow-up period may be required to bet-
ter assess graft function as well as renal function changes 
in donors.

5 � Conclusion
LDN is a safe technique with accepted intraoperative 
and postoperative morbidity. It offers short hospital stay, 
better cosmesis and early convalescence. In experienced 
hands, it can effectively deal with various vascular and 
ureteral anomalies without compromising early graft 
function.
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