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ABSTRACT
Objective: Laparoscopic donor nephrectomy (LDN) has been shown to be a safe approach with better 
morbidity results. Impact of multiple renal arteries (MRAs) and anatomical variations has been reviewed 
by many authors. In our study, the relationship between the donors with MRAs and risk of perioperative 
vascular complications related to donor nephrectomy was investigated.

Material and methods: Patients who underwent hand-assisted LDNs between January 2007 and February 
2018 were reviewed retrospectively. Patient age, sex, body mass index (BMI), waist circumference, side of 
donor nephrectomies, donors with MRAs, intraoperative vascular complications, conversion rates, hospital-
ization durations, and operative times were extracted. Risk factors for perioperative vascular complications 
were defined.

Results: There were MRAs in 288 kidney donors (21.3%). The number of patients who underwent a right 
donor nephrectomy was 113 (8.4%). BMI, waist circumference, and postoperative hospital stay were not 
significantly different between donors with one artery and those with MRAs (p>0.05). The renovascu-
lar complication rate and overall conversion rate to open surgery were significantly higher in donors with 
MRAs (p<0.05).

Conclusion: Perioperative safety of the kidney donors is of crucial importance. Surgeons performing LDNs 
must be aware of the potential risks. Our analysis suggests that procurement of kidneys from donors with 
MRAs is a risk factor for renovascular complications.
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Introduction

Donor nephrectomy is unique among major 
surgical procedures because it exposes an oth-
erwise healthy patient to the risks of major 
surgery entirely for the benefit of another per-
son. Laparoscopic donor nephrectomy (LDN) 
replaced open nephrectomy quickly after the 
initial report on the procedure from Ratner and 
colleagues.[1] Despite the benefits and world-
wide acceptance of the LDN procedure, some 
questions remain unanswered. Issues related to 
perioperative morbidity and mortality are espe-
cially pertinent and, therefore, it is necessary 
to better define the limitations of the laparo-
scopic procedure and the potential pitfalls of the 

donor operation.[2,3] Right donor nephrectomy 
has been a significant challenge to LDN since 
its inception, with several groups avoiding or 
abandoning this procedure at the beginning.[4] 
The short right renal vein, the presence of fri-
able venous branches draining into the inferior 
vena cava (IVC) in proximity to the right renal 
vein, and the need to mobilize the duodenum 
and mobilize and retract the liver have been 
challenging factors for many surgeons perform-
ing LDN. The right renal vein is considerably 
shorter than the left renal vein, and renal vein 
length can be another limiting factor during the 
recipient operation. Thus, a left kidney with 
multiple renal arteries (MRAs) and a longer 
renal vein compared to a right kidney with a 
single renal artery (SRA) is preferred by many 
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surgeons, unless there is an obvious reason to choose the right 
kidney.[5] Many authors have reviewed the impact of MRAs and 
anatomical variations.[6,7] The purpose of this study was threefold: 
we reviewed our donors who underwent hand-assisted laparo-
scopic donor nephrectomy (HALDN); we investigated the risks 
of perioperative vascular complications related to donor nephrec-
tomy for donors with MRAs; and we determined the incidence of 
ureteral strictures among the recipients.

Material and Methods

After obtaining ethical committee approval from Nigde Omer 
Halis Demir University and receiving patients’ informed consent, 
the data of all HALDNs performed by our group between January 
2007 and February 2018 were reviewed retrospectively. Patients’ 
age, sex, body mass index (BMI), waist circumference, side of 
donor nephrectomies, donors with MRAs, intraoperative vas-
cular complications, conversion rates, hospitalization durations, 
and operative times were extracted from their chart reviews. The 
number of renal arteries and intraoperative complications were 
determined from operative notes. Similarly, recipient data of the 
corresponding donors were taken from the discharge summaries. 
Delayed graft function (DGF) was defined as the need for at least 
one dialysis session within the first week after the kidney trans-
plantation. We reviewed recipients’ operative notes to determine 
whether the accessory arteries were anastomosed separately or 
reconstructed. Cold ischemic time (CIT) was accepted as the 
time between the start of cooling the kidney with a cold perfusion 
solution infusion through the renal artery and unclamping of the 
renal vein and arteries after vascular anastomoses. All patients 
were operated with the standard HALDN technique. The opera-
tive technique for LDN (3-4 laparoscopic ports, left/right lower 
quadrant, or periumbilical extraction incision) has been described 
previously.[8] We usually placed the hand port through a 6 or 7 
cm lower quadrant incision. One 5 mm camera port was placed 
at a point on the midclavicular line close to the costal arch and 
another 12 mm instrumental port was inserted lateral to the rectus 
sheath and 10 cm cranial to the 5 mm port (Figure 1). 

Statistical analysis
A Mann-Whitey U Test was performed for the analysis of 
quantitative variables. Categorical data were compared using 

the chi-square test. A p value greater than 0.05 was accepted as 
statistically significant.

Results

There were 1,350 HALDN patients who participated in our 
study. Six hundred and eleven (45.3%) of these patients were 
men and 739 (54.7%) were women; 1,062 (78.7%) and 288 
(21.3%) donors had SRA and MRAs, respectively (Figure 2). Of 
the donors with SRA, 458 (43.1%) were men and 604 (56.9%) 
were women. For donors with MRAs, 153 (53.1%) were men 
and 135 (46.9%) were women. The number of male patients was 
significantly higher in donors with MRAs (p=0.002). The num-
ber of patients who underwent a right donor nephrectomy was 

•	 MRAs were found to be a statistically significant risk factor for 
renovascular complications during LDN.

•	 Right LDN was not a risk factor for renovascular complica-
tions and renal vein thrombosis in the recipient.

•	 Donor Surgeons should be aware of the risks while making 
decision between a left kidney with MRAs and a right kidney 
with a SRA.

Main Points:

Figure 1. Port sites for hand-assisted laparoscopic left donor 
nephrectomy

Figure 2. Percentages of donors according to the number of 
renal arteries
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113 (8.4%) for the whole data set. Ninety-one (80.5%) of these 
donors had SRA and 22 (19.5%) of them had MRAs. The side of 
the donor nephrectomy was not significantly different between 
donors with SRA and MRAs (p=0.61). The mean ages and stan-
dard deviations of donors with SRA and MRAs were 46.4±12.9 
and 44.9±12.5 years, respectively. Mean ages were not signifi-
cantly different between the two donor groups (p=0.12). Other 
variables, including BMI, waist circumference, and postoperative 
hospital stay, were not found to be significantly different between 
donors with SRA and MRAs (p>0.05) (Table 1). However, the 
mean operative time of donors with MRAs was significantly 
longer than that of donors with SRA (p=0.00001). 

When the risk of operative renovascular complications was 
considered and compared between donors with SRA and MRAs, 
we found that eight of 1,062 (0.7%) donors with SRA and 12 of 
288 (4%) donors with MRAs experienced a renovascular com-
plication. Overall, the renovascular injury rate was 1.5% in our 
cohort. A list of complications that occurred among participants 
is illustrated in Table 2. The renovascular complication rate was 
significantly higher in donors with MRAs (p=0.00002). The 
overall conversion to open surgery rate was 0.66% (only nine 
cases). Four (0.37%) patients had conversion to open surgery 
in donors with SRA, and five (1.7%) patients had conversion 
to open surgery in donors with MRAs. The conversion rate was 
found to be significantly higher in donors with MRAs (p=0.01). 

We also evaluated other risk factors for renovascular complica-
tions. However, there was no significant difference between 
donors with and without renovascular complications in terms of 
age, sex, BMI, waist circumference, or side of the nephrectomy 
(p<0.05) (Table 3). Ureteral stricture incidence in recipients 
after renal transplantation was also considered. Overall, ureteral 
stricture rate was 0.7% (10 patients). Of these 10 patients, 7 
received kidneys from donors with SRA and 3 received kidneys 
from donors with MRAs. There was no correlation between 
the number of renal arteries and the incidence of postoperative 
ureteral stricture (p=0.5). Overall, the DGF rate was 2.3%. The 
incidence of DGF for kidneys with MRAs was similar to that 
for kidneys with SRA (p=0.22). Mean CITs were 119.21±20.4 
and 121.1±26.1 minutes for kidneys with SRA and MRAs, 
respectively. There was no significant difference between the 
two donor groups regarding the CITs (p=0.76). All accessory 
arteries were anastomosed separately, except for five cases in 
which arterial reconstructions were performed either to correct 
vascular injuries or to reduce the number of MRAs.

Discussion

LDN has been shown to be a safe and advantageous approach 
for procuring kidneys from living donors, not only because of 
better cosmesis, but also because of reduced morbidity and a 

Table 1. Demographic data of donors and rate of vascu-
lar complications for donors with and without multiple 
renal arteries

Donors 
with SRA

Donors 
with MRAs p

No. of patients 1,062 288 N/A

Age (years) 46.4±12.9 44.9±12.5 0.12

Male/female 458/604 153/135 0.002

Waist circumference (cm) 92.7±11.6 94.1±14.9 0.44

Right/left kidney 91/971 22/266 0.61

No. of vascular 
complications (%)

8 (0.7) 12 (4) 0.00002

No. of conversion 4 (0.375) 5 (1.7%) 0.01

Mean operative time 
(min.)

71.2±25.2 79.9±28.9 0.00001

Hospital stay (day) 2±1.2 1.9±1 0.44

Ureteral stricture 
(recipient)

7 3 0.5

SRA: single renal artery; MRAs: multiple renal arteries

Table 2. Vascular complications

Single renal 
artery

Multiple renal 
arteries

Lumbar vein injury 1 None

Renal vein injury 2 None

Renal artery injury 3 10

Adrenal vein injury 1 None

Stapler failure 1 2

Table 3. Evaluation of risk factors for vascular complica-
tions during donor nephrectomy

Vascular 
complication +

Vascular 
complication − p 

No. of patients 20 1330 N/A

Age (years) 48.5±13 46±12.8 0.36

Male/female 9/11 602/728 0.9

Body mass index 27.7±4.6 28.4±4 0.63

Waist circumference 
(cm)

97.5±13.8 93±12.4 0.52

Right/left kidney 1/19 112/1218 0.6
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shorter recovery time compared to open surgery.[9,10] The short 
right renal vein, the presence of friable venous branches drain-
ing into the IVC in proximity to the right renal vein, the need to 
mobilize the duodenum, and the need to mobilize and retract the 
liver have been a challenge to many surgeons performing a right 
LDN. The reluctance to perform right LDN also seems to be a 
consequence of technical difficulties during the recipient opera-
tion. The anatomical complexity of a short and thin renal vein 
on the right side has generally led surgeons to choose the left 
kidney for LDN. The main concerns are the high rates of venous 
complications associated with right donor nephrectomy in the 
recipient. This issue is evident from the results of earlier series. 
Higher rates of DGF and graft thrombosis have been shown to 
be associated with right LDN in these series.[11,12] Mandal et 
al.[13] reported that there were a total of three graft losses due 
to vascular thrombosis among the LDN procedures that were 
observed in their study; all three occurred in their initial experi-
ence and in right kidneys. The authors believed that thrombosis 
in all three cases was due to a short donor renal vein. Thus, a left 
kidney with MRAs and a longer renal vein compared to a right 
kidney with SRA is preferred by many donor surgeons.[14,15]

The incidence of SRA on both sides was reported to be between 
70% and 75%, with the remainder being expected to have 
MRAs on either one side or both sides.[16,17] The risk of vascular 
and ureteral complications for the kidney recipients associated 
with MRAs has also been reported in prior research.[13,18-20] 
Theoretically, the transplantation of a kidney from a donor with 
MRAs has the risks of prolonged warm ischemia, DGF, and 
associated prolonged hospitalization or ureteral complications 
due to the deterioration of vascular supply to the ureter.[21-23] 
Currently, many other authors report that with the help of surgi-
cal advancements in laparoscopic technique and the accumula-
tion of experience, the procurement and transplantation of the 
kidneys with MRAs can be performed safely.[21,24] However, we 
would argue that safety of donors with MRAs is still conten-
tious, since most of the contemporary studies included small 
cohort sizes, only reviewed the literature for metanalysis, and 
provided insufficient details about the renovascular complica-
tions among kidney donors.[5,7,16,17,21,24]

In our study, we scrutinized donor nephrectomy-related reno-
vascular complications, which could be a reason for the conver-
sion to open surgery and, in some instances, a life-threatening 
condition for the donor. Unlike some of the previous studies, our 
study found MRAs to be a significant risk factor for renovascu-
lar complications and conversion to open surgery, although our 
vascular complication and conversion rates were comparatively 
low.[7,21] Moreover, it seems that the number of arterial compli-
cations was higher in donors with MRAs than in donors with 
SRA (Table 2). These data emphasize the effect of multiplicity 
of renal arteries on arterial injuries.

Because of the aforementioned anatomical complexity of the 
right renal vein, many surgeons prefer to procure the right kidney 
only if there is a clear advantage to the donor to retain the left 
kidney.[13] Hsu et al.[20] reported a high risk of early graft loss asso-
ciated with right LDN. This finding, however, was not verified by 
many other studies that assessed the impact of right LDN on graft 
survival.[14] None of our grafts from the right LDN group were 
lost in the early period due to a vascular complication. There was 
also no significant difference between the right and left LDNs 
regarding vascular complications (p=0.6). We think that right 
LDNs can be performed safely, although more surgical expertise 
and experience is needed to handle the challenges faced during a 
right LDN and the benching of a right kidney.

The safety of kidney donors is paramount. It is, therefore, 
imperative that surgeons who prefer a longer left renal vein 
with MRAs to a short right renal vein with an SRA consider the 
perioperative risks while performing an LDN with MRAs. We 
would argue that procuring a kidney with MRAs is not always 
an acceptable tradeoff for the benefit of the donor, considering 
that our data showed that MRAs caused more morbidity with 
higher conversion to open surgery rates. 

Contrary to the results reported by some of the previous studies, 
our study results from 1,350 HALDN cases showed that a donor 
kidney with MRAs was not a risk factor for ureteral stricture 
in recipients.[17,22] We believe that meticulous arterial dissec-
tion and preservation of the lower polar arteries during bench 
surgery are crucial for the prevention of ureteral strictures in 
recipients. CITs and DGF rates were also similar in both donor 
groups. We think this finding reflects a low number of arte-
rial reconstructions during the bench surgery, which otherwise 
could have been a reason for longer CITs. Similar DGF rates 
were likely a result of comparable CITs of the kidneys with SRA 
and MRAs. Another explanation for similar DGF rates might 
be our sequential-clamping approach when performing anasto-
moses of a kidney transplant with MRAs. We usually perform 
arterial anastomoses separately, starting from the main renal 
artery and the vein and, if possible, by unclamping the vessels. 
We then reclamp the iliac artery distally and perform the other 
arterial anastomoses, especially the lower polar arteries. 

Preoperative imaging modalities can now accurately detect 
the vascular anatomy of donor kidneys.[23,25] The sensitivity 
of radiologic tests to show abnormal renovascular structures 
or anatomical variations may vary between 70% and 99%, 
depending on the type of radiologic diagnostic tests.[23,25,26] An 
unexpected renovascular variation, including an extra vascular 
structure, is a challenging condition for every surgeon. In our 
series, there was discordance in 24 patients (1.7%) regarding the 
number of renal arteries. In all these cases, more renal arteries 
were found intraoperatively than the number of arteries reported 
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preoperatively by radiologic diagnostic tests. Therefore, every 
donor surgeon should be alert and careful during renal hilar dis-
section in terms of uncovering an unexpected vascular structure. 

Our study was a retrospective analysis of the data collected over 9 
years and, therefore, it has some inherent limitations. Unfortunately, 
we could not analyze and compare the long-term graft survival due 
to the lack of significant follow-up data. However, our cohort was 
one of the largest series of HALDN patients from a single group, 
as it included nearly 1,500 patients worldwide. 

In conclusion, perioperative safety of kidney donors is of crucial 
importance. Surgeons performing LDNs must be aware of the 
potential risks. Our analysis suggests that the procurement of 
kidneys from donors with MRAs is a risk factor for renovascu-
lar complications and possible conversion to open surgery. 
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