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Two- and three-dimensional laparoscopic 
donor nephrectomy: a comparative study of  
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Background: This is the first report on three-dimensional (3D) laparoscopic donor 
nephrectomy performed in the Central Asian region and Commonwealth of Indepen-
dent States countries. This study presents the results of our initial experiences of 
3D hand-assisted laparoscopic donor nephrectomy (3D-HALDN) in comparison with 
the outcomes of two-dimensional hand-assisted laparoscopic donor nephrectomy 
(2D-HALDN) at a single center.
Methods: From 2015 to 2019, 19 3D-HALDN and 19 2D-HALDN procedures were per-
formed at the same center by two surgeons. All 38 procedures used identical tech-
niques. Between-group differences were considered statistically significant at P<0.05.
Results: The baseline characteristics in both groups were statistically comparable 
(P>0.05). All donors underwent left nephrectomy. Donors who underwent 3D-HALDN 
had better outcomes than those who underwent 2D-HALDN, as shown by a shorter warm 
ischemic time (P<0.05), a shorter operative time (P<0.05), and less blood loss (P<0.05). 
There were no conversions or major complications (according to the Clavien-Dindo 
classification) in either group. The average drainage duration and postoperative hospital-
ization were significantly shorter in the 3D-HALDN group (P<0.05). The between-group 
differences in the mean postoperative creatinine level and glomerular filtration rate were 
not significant.
Conclusions: The 3D-HALDN approach is more beneficial than traditional 2D-HALDN by 
providing a shorter warm ischemic time, less blood loss, and shorter durations of drain-
age and postoperative hospitalization. Postoperative complications and the functional 
condition of the kidney in donors in the early and late postoperative periods did not de-
pend on the type of laparoscopic donor nephrectomy.
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INTRODUCTION

After the introduction of laparoscopic donor nephrectomy 
into clinical practice by Ratner and co-authors in 1995, 
it gained popularity and over time has become one of 
the main surgical procedures performed in living kidney 
donors [1,2]. In 1998, the first report of laparoscopic ne-
phrectomy with manual assistance was published, with 
encouraging results [3]. Many recent studies have shown 
that laparoscopic nephrectomy has clinical, emotional, 
psychological, and economic advantages compared to 
open surgery [4,5]. 

All types of minimally invasive nephrectomy in living 
donors have undeniable advantages over the open tech-
nique, but they have not shown significant differences 
in comparison with each other [6]. In the last few years, 
data have been published on the usage of three-dimen-
sional (3D) imaging for living donor nephrectomy [7-10]. 
The purpose of this report was to present the results of 
the initial experiences of 3D hand-assisted laparoscopic 
donor nephrectomy (3D-HALDN) at a single transplant 
center and compare them with traditional two-dimen-
sional hand-assisted laparoscopic donor nephrectomy 
(2D-HALDN) with manual assistance. This is the first 
report on a series of 3D-HALDN procedures performed in 
the Central Asian region and Commonwealth of Indepen-
dent States countries. 

METHODS

Our study was performed using clinical data with the ap-
proval of the Institutional Review Board of West Kazakh-
stan Medical University (IRB No. 44A of August 2, 2021). 

All patients were informed, consents were taken, there 
were no refusals.

From February 2017 to July 2019, two surgeons per-
formed 3D-HALDN in 19 donors. The medical records of 
these patients were analyzed according to the following 
data: (1) age and sex, (2) relationship to the recipient, (3) 
body mass index (BMI), (4) nephrectomy side, (5) opera-
tive time (the duration from the beginning of the first in-
cision to the last suture of the wound), (6) warm ischemic 
time (the duration from the clamping of the renal artery to 
the transfer of the organ to the back-table), (7) preopera-
tive serum creatinine and estimated glomerular filtration 
rate (GFR) by modification of diet in renal disease (MDRD), 
(8) postoperative serum creatinine and estimated GFR by 
MDRD on days 1, 6, and 30 after HALDN, and (9) duration 
of drainage and hospitalization stay after surgery.

The Clavien-Dindo classification system was used to 
assess postoperative complications in donors. To con-
duct a comparative study with a second group of patients, 
19 left-sided 2D-HALDN cases performed in the same 
center by the same two surgeons were retrospectively 
analyzed. All potential donors underwent examinations 
before transplantation according to the approved local 
clinical protocols. These examinations included anamne-
sis collection, a physical examination, determination of 
blood tests, evaluation of GFR, intravenous angiography 
and urography with 3D spiral computed tomography. 

The surgical technique of HALDN was identical in 
all 38 patients. In both groups, the Thunderbeat device 
(Olympus Europa, Hamburg, Germany) was used for dis-

HIGHLIGHTS

• The medical records of 38 living kidney donors (19 after 
three-dimensional [3D] laparoscopic nephrectomy and 
19 after two-dimensional [2D] laparoscopic nephrecto-
my) were retrospectively analyzed.

• The intraoperative and postoperative parameters of do-
nors were comparatively analyzed.

• Some advantages of 3D laparoscopic donor nephrecto-
my over 2D laparoscopic nephrectomy were revealed.

Fig. 1. The position of the surgeonʼs hand and working trocars in hand-as-
sisted laparoscopic donor nephrectomy.
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section. After general anesthesia, the donors were placed 
on the operating table in a lateral position. An upper-me-
dian laparotomy with a length of 7 cm was performed with 
the installation of an assistant hand-port for the surgeonʼs 
left hand. Then, two additional ports were inserted into 
the abdomen for the camera and the manipulation instru-
ments (Fig. 1). Next, the kidney was mobilized according 
to the standard procedure we have described earlier [10]. 
After clipping and cutting the ureter and renal vessels, 
the kidney graft was extracted through an open gel-port. 
If necessary, a drain was left through the wound of the 
working trocar. 

To compare differences in the median values of vari-
ables between the two groups, the Student t-test and the 
Mann-Whitney U-test were used. Differences between the 
two groups were considered significant at P<0.05.

RESULTS

From February 2017 to July 2019, two surgeons at one 
center performed 3D-HALDN in 19 donors, and 2D-HALDN 
in 19 donors between 2015 and 2019. All donors in both 
groups were relatives of recipients, and all of them under-
went left nephrectomy. Of the 19 patients who underwent 
3D-HALDN, 12 (63%) were men, seven (37%) were women, 
and the average age was 41±10.9 years. In 3D-HALDN 
group, four patients (21%) had two renal arteries. Table 
1 shows a comparison of the preoperative demographic 
data of donors before 2D- and 3D-HALDN. The baseline 
characteristics of the donors in both groups were statisti-
cally comparable (P>0.05). According to the World Health 

Table 1. Donors’ baseline characteristics

Variable
3D-HALDN 

(n=19)
2D-HALDN 

(n=19)
P-value

Age (yr) 41±10.9 43±9.9 0.55
Sex 0.50
   Male 12 (63) 10 (53)
   Female 7 (37) 9 (47)
Relationship to recipient -
   Sister–brother 11 12
   Father–mother 5 7
   Spouse 3 0
Body mass index (kg/m2) 25±3.0 23±3.2 0.06
   <30 18 (94.7) 19 (100)
   ≥30 1 (5.3) 0
Serum creatinine (μmol/L) 68±15.9 67±5.7 0.94
GFR (mL/min/1.73 m2) 118±13.6 115±10.3 0.39
ASA physical status 0.50
   І 18 (95) 19 (100)
   ІІ 1 (5) 0
Nephrectomy side 1
   Left 19 19
   Right 0 0
Number of kidney arteries 0.50
   1 15 (79) 16 (84)
   2 4 (21) 3 (16)

Values are presented as mean±standard deviation or number (%). 
3D, three-dimensional; HALDN, hand-assisted laparoscopic donor 
nephrectomy; 2D, two-dimensional; GFR, glomerular filtration rate; ASA, 
American Society of Anesthesiologists.

Table 2. Intraoperative data

Variable
3D-HALDN 

(n=19)
2D-HALDN 

(n=19)
P-value

Warm ischemic time (sec) 116±11.2 126±13.1 0.02
Operative duration (min) 182.4±37.0 210.5±46.8 <0.05
Blood loss (mL) 42±34.4 71±34.6 0.01
Conversion 0 0
Values are presented as mean±standard deviation.
3D, three-dimensional; HALDN, hand-assisted laparoscopic donor neph-
rectomy; 2D, two-dimensional.

Table 3. Postoperative outcomes

Variable
3D-HALDN

(n=19)
2D-HALDN

(n=19)
P-value

Complication (Сlavien-Dindo)
   Grade I 1 (5.3) 3 (15.7) 0.15
   Grade II - -
   Grade III - -
Drainage duration (day) 3.0±0.6 3.6±0.6 0.01
Postoperative hospitalization (day) 6.0±1.0 7.0±1.2 0.01
Creatinine (μmol/L)
   POD 1 98.5±16.6 96.2±19.8 0.70
   POD 6 81.1±9.4 80.2±9.3 0.77
   POD 30 75.9±7.4 73.7±4.5 0.28
GFR (mL/min/1.73 m2)
   POD 1 77.7±23.0 88.3±13.9 0.78
   POD 6 89.9±15.9 105.2±8.5 0.36
   POD 30 108.7±7.8 109.8±6.9 0.76

Values are presented as number (%) or mean±standard deviation. 
3D, three-dimensional; HALDN, hand-assisted laparoscopic donor 
nephrectomy; 2D, two-dimensional; POD, postoperative day; GFR, 
glomerular filtration rate.
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Organization, an adult BMI of 30 kg/m2 or more is con-
sidered to indicate obesity. Thus, our donors were divided 
according to whether their BMI was <30 or ≥30 kg/m2 to 
facilitate a reliable comparison of statistical data. 

The intraoperative data of donors in both groups 
are shown in Table 2. Compared to the donors who un-
derwent 2D-HALDN, those who underwent 3D-HALDN 
had a shorter average warm ischemic time (116±11.2 
vs. 126±13.1 seconds, P=0.02), a shorter operative time 
(182.4±37.0 vs. 210.5±46.8 minutes, P<0.05), and a lower 
volume of blood loss (42±34.4 vs. 71±34.6 mL, P=0.01). 
There were no conversions in either group.

In both groups, there were no major postoperative 
complications according to the Clavien-Dindo classifica-
tion (P>0.05). Grade I complications occurred in the form 
of prolonged lymphorrhea through drainage (3D-HALDN, 
one case; 2D-HALDN, one case) and postoperative ileus 
(2D-HALDN, two cases). These complications did not 
require active intervention. The average duration of drain-
age and the postoperative hospital stay were significantly 
shorter in the 3D-HALDN group than in the 2D-HALDN 
group (3.0±0.6 vs. 3.6±0.6 days, and 6.0±1.0 vs. 7.0±1.2 
days, respectively; P<0.05). The mean creatinine level and 
GFR on days 1, 6, and 30 did not show statistically signifi-
cant differences between the two groups of donors (Table 
3).

DISCUSSION

Laparoscopic donor nephrectomy has undeniable advan-
tages over traditional open surgery and has become the 
gold standard at many transplant centers [6,11-13]. The 
transition to 3D laparoscopic donor nephrectomy was 
made due to the previous introduction of 3D imaging in 
clinical surgery [13,14]. The organ transplantation pro-
gram at our center started in 2014. HALDN operations 
have been performed since 2015, and since 2017, lapa-
roscopy with 3D visualization has been used for this pro-
cedure. All 3D-HALDN cases included in this study were 
performed by two surgeons, and for an adequate compar-
ison, the data of 19 donors with 2D-HALDN performed by 
the same surgeons were retrospectively analyzed. Both 
surgeons had experience performing traditional 2D lapa-
roscopic surgery (including nephrectomy) and open donor 
nephrectomy before switching to 3D-HALDN. This ap-
proach is somewhat consistent with the data of Schoen-

thaler et al. [15], who found no differences in experienced 
surgeons’ techniques of performing 2D and 3D laparos-
copy on phantoms.

Over the past few years, comparative studies have 
been published showing various advantages of 3D lapa-
roscopic operations over 2D operations, both for educa-
tional purposes and in practical surgery [16-19]. Some 
researchers have pointed out the obvious superiority of 
3D laparoscopy over 2D laparoscopy for complex sur-
gery (e.g., oncological, urological, and bariatric surgery) 
[19-21]. However, some randomized studies revealed no 
differences in the performance of cholecystectomy, her-
nioplasty, or appendectomy between these two laparo-
scopic methods [22,23]. We consider laparoscopic donor 
nephrectomy to be one of the most complex operations; 
moreover, in this procedure, healthy donors with altru-
istic motivations are subjected to surgical interventions 
and risks without any expected therapeutic effects. Other 
recent studies have shown the advantages of robot-
ic laparoscopic donor nephrectomy over traditional 2D 
laparoscopic donor nephrectomy [24,25]. At the same 
time, Mulder et al. [8], in a series of 40 operations, showed 
clinical and economic benefits of using 3D laparoscopic 
donor nephrectomy before robotic nephrectomy. Achit et 
al. [26] revealed the cost-effectiveness of hand-assist-
ed laparoscopic nephrectomy in comparison with open, 
standard laparoscopic and robotic nephrectomy. There-
fore, we consider it acceptable to use 3D visualization for 
nephrectomy in living donors.

According to the 2018 European Association for En-
doscopic Surgery consensus, 3D laparoscopy reduces 
the time of surgery, but identifying its benefits in rela-
tion to complications would require standardization and 
methodological uniformity in further clinical trials [27]. 
In our study, the demographic and clinical baseline char-
acteristics of donors before surgery in both groups were 
comparable (P>0.05). Both HALDN approaches were 
performed by two surgeons in the same operating room, 
using identical surgical equipment and instruments for 
tissue dissection and vascular and ureter ligation, with the 
exception of the video camera used for visualization. Our 
analysis of parameters including the duration of the opera-
tion, intraoperative blood loss, and the duration of drainage 
and postoperative hospital stay showed 3D-HALDN to be 
advantageous over 2D-HALDN (P<0.05). When comparing 
complications and conversions between the two groups, 
no statistically significant difference was found (P>0.05). 
In one patient in the 3D-HALDN group, prolonged lymphor-
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rhea through drainage was observed for up to 5 days. In 
the 2D-HALDN group, lymphorrhea by drainage occurred in 
one case and non-prolonged ileus was noted in two cases. 
These complications did not require any active interven-
tion. 

In the available literature, we found only one study that 
compared 3D and 2D laparoscopic donor nephrectomy 
[28]. Therefore, we believe that the number of such articles 
is not enough to show statistically meaningful differenc-
es. Our findings are similar to the data of that study, in 
that the duration of surgery, the warm ischemic time, and 
postoperative hospital stay were significantly better in 
the 3D-HALDN group. Similarly, there were no statistically 
significant differences in donors’ postoperative complica-
tions, creatinine levels, or GFR. 

A possible explanation for the significant difference 
in the operative time may be differences in the required 
technical skills. Nevertheless, the outcomes in the postop-
erative period were statistically similar, and the duration of 
the operation did not affect postoperative complications. 
In our study, we included the drainage duration for com-
parison, and we also showed more favorable results in the 
3D-HALDN group. We believe that the drainage duration in 
our donors directly affected the duration of postoperative 
stay, with relatively similar rates of complications, creati-
nine levels, and GFR. On average, less intraoperative blood 
loss was observed in the 3D-HALDN group. It seems that 
better visualization with depth perception using 3D ste-
reoscopy enables a more thorough hemostatic and lym-
phostatic technique during surgery. Nevertheless, in the 
early and late postoperative periods, the function of the 
single kidney in all donors, regardless of the HALDN meth-
od (3D or 2D), remained equally satisfactory. 

The principal limitation of this study is the small num-
ber of patients for comparison, although we do not think 
that the small number of cases itself poses a substantial 
problem. Nonetheless, an analysis of a large population 
of randomized cases would be necessary to establish the 
reliability of the benefits of 3D-HALDN.

The results of this study showed that 3D-HALDN had 
advantages over traditional 2D-HALDN in terms of short-
ening the warm ischemic time, reducing the volume of 
blood loss, and shortening the duration of drainage and 
the postoperative hospitalization stay. However, postoper-
ative complications and the functional status—in terms of 
the creatinine level and GFR—of donor kidneys in the early 
and late postoperative periods did not depend on the type 
of laparoscopic nephrectomy performed.
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