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Abstract

Introduction: We present our technique of laparoscopic nephrec-
tomy for massive polycystic kidneys in patients with autosomal 
dominant polycystic kidney disease (ADPKD) and review the out-
come analysis of our experience.
Methods: We retrospectively reviewed all transperitoneal laparo-
scopic nephrectomies done for polycystic kidneys at a university 
hospital. Our technique included three 12-mm ports with addi-
tional one or two 5-mm ports, with usage of retraction devices, 
such as the Jarit PEER retractor (J. Jamner Surgical Instruments, Inc, 
Hawthorne, NY).
Results: In total, 39 (left 14, right 25) laparoscopic nephrectomies 
were performed in 32 patients (male 21, female 11). Surgical indi-
cations were varied: to create space for future renal transplant in 21 
(54%), to alleviate pain in 16 (41%), to prevent recurrent urosep-
sis in 2 (5%), to prevent recurrent bleeding which would require 
transfusions in 2 (5%) and to remove a renal tumour in 1 kidney 
(2.5%). Four patients had surgery for more than one reason. The 
mean age and body mass index were 52.2 years (range: 29-72) and 
26.9 kg/m2 (range: 21.6-34.0), respectively. The mean preoperative 
hemoglobin and serum creatinine levels were 131.6 g/L (range: 
107-171) and 514 µmol/L (range: 84-923), respectively; 26 (81%) 
patients were on dialysis. The mean operative time and estimated 
blood loss were 185 minutes (range: 113-287) and 94 mL (range: 
10-350), respectively. No patient required open conversion. The 
mean specimen size was 24.2 cm (range: 15-38); weight 1515 g 
(range: 412-4590) and the length of extraction incision was 9.2 cm 
(range: 6-13). There were 1 Grade 2 2 (2.5%), 2 Grade 3b (5%) 
and 1 Grade 4a-d (2.5%) complications. The mean length of stay 
was 4.5 days (range: 3-8).
Conclusions: Our technique of laparoscopic nephrectomy for mas-
sively enlarged polycystic kidneys in ADPKD is safe and offers all 
the advantages of minimal access surgery, such as smaller inci-
sion, decreased estimated blood loss, excellent cosmesis and faster 
recovery.

Introduction

Autosomal dominant polycystic kidney disease (ADPKD) 
represents one of the most common genetic disorders affect-
ing kidneys (approximate incidence 1 in 500 to 1000), char-
acterized by the presence of large number of fluid filled cysts 
in both kidneys. It affects people from all ethnic groups.1

Patients usually present around the fourth decade of life 
and develop end-stage renal disease after about 5 to 10 
years of diagnosis of renal impairment.1 Renal manifesta-
tions include the presence and growth of multiple cysts, 
hypertension (50%-100%); pain (60%) due to cyst rupture, 
hemorrhage, infection, stone or urinary tract infection and 
renal failure (50%). Extrarenal manifestations are cysts in 
the liver, intracranial aneurysms, mitral valve prolapse and 
colonic diverticulosis.2 

There is no consensus regarding appropriate treatment for 
symptomatic patients with ADPKD. Bilateral nephrectomy 
adequately treats symptoms, but initial studies report high 
complication rates, with 38% morbidity and 3% mortal-
ity.3 Concerns regarding the graft damage and sequelae of 
anephric state decrease the nephrectomy rate for ADPKD,4

but Sulikowski and colleagues reported that more than 40% 
of patients without pretransplant nephrectomy required it 
later because of various complications in native polycystic 
kidneys.5 Since the first description of laparoscopic nephrec-
tomy for polycystic kidney in ADPKD by Elashry and col-
leagues, which decreased the morbidity of open nephrec-
tomy,6 we and several other authors have reported their 
experience of laparoscopic nephrectomy for unilateral or 
bilateral polycystic kidneys.7-9

We hereby describe our updated technique and outcome 
of laparoscopic nephrectomy for massive polycystic kidneys.

Methods

After receiving  ethics review board approval, retrospec-
tive review was done for all laparoscopic nephrectomies 
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performed for polycystic kidneys in patients with ADPKD. 
These procedures were performed over a 7-year period from 
April 2004 to January 2011. Data were analyzed and sur-
gical outcomes were reported. Demographics were noted 
and preoperative and perioperative data were collected. 
Complications were reported according to the modified 
Clavien Classification for surgical complications.10

Patients were followed up for a median period of 18 
months postoperatively. One principal surgeon performed 
laparoscopic nephrectomies (AK) with assistance from resi-
dents and fellows. 

Laparoscopic nephrectomy for ADPKD

After appropriate imaging was done to visualize renal anat-
omy (Fig.1, part A), informed consent was obtained from all 
patients for laparoscopic nephrectomy, and a preoperative 
antibiotic was administered routinely. Bowel preparation 
was not routinely performed for upper urinary tract proce-
dures.

Our technique, with some modifications, of laparoscopic 
nephrectomy for patients with ADPKD has been described.8,9

The patient is placed in the lateral decubitus position and 
the operative table is flexed to open the costophrenic angle. 

The surgeon and the assistant stand anterior to the patient. 
Video monitors are located at the head of the operating 
table on both sides. A 15-mm HgCO2 pneumoperitoneum 
is established with a Veress cannula that is placed at the 
apex of the umbilicus or alternatively by using a 12-mm 
Optiview (Ethicon Endo-Surgery, Inc., Cincinnati, OH) direct 
laparoscopic access technique. Two additional 12-mm ports 
and one 5-mm port are placed in a gentle arc-like shape 
under direct vision (Fig. 1, part B). We used an additional 
5-mm port in the subxiphoid region to retract the liver for 
the right-sided nephrectomy. A 0-degree-viewing 10-mm 
laparoscope is inserted initially for ports insertion and then 
exchanged with a 30-degree-viewing 10-mm laparoscope 
that is used throughout the procedure. On the right side, the 
colon is mobilized toward the midline, and the duodenum is 
kocherized to expose the kidney. On the left, the descend-
ing colon and spleen are mobilized medially to optimize 
exposure of the entire kidney. 

It is important to be aware of the location of the meso-
colon, spleen, pancreas and gallbladder, because they fre-
quently adhere to the cystic kidney. Previously, care was 
taken to minimize the cyst puncture which may lead to spill-
age and possible peritonitis. Currently, judicious puncture 
and suction of large clear cysts is used to facilitate dissection. 
Whenever required for massively enlarged kidneys (Fig. 1, 
part C), we used the umbilical port as the camera port and 
the rest as working ports for dissection of mid and lower pole 
of the kidney and the midline epigastric port as the camera 
port and others as working ports for dissection of the upper 
and mid pole. Interchanging camera ports helped visualize 
the upper and lower poles of massive polycystic kidneys. 
To help identify the right renal vein, the lateral border of the 
inferior vena cava (on the right) can be used as a guide. The 
ureter identified at the pelvic brim (right or left) can also be 
used as a landmark and followed proximally to the hilum. 
If necessary, extra 5-mm ports can be inserted to negotiate 
the large polycystic kidney. To retract portions of the large 
polycystic renal mass and facilitate dissection, we find the 
Jarit Padron Endoscopic Exposing Retractor (PEER) (J. Jamner 
Surgical Instruments, Inc, Hawthorne, NY) useful (Fig. 2). 

Both the artery and ureter were divided after being con-
trolled by multiple titanium clips. The renal vein was divided 
using the EndoGIA autosuture device. The adrenal gland was 
preserved whenever possible. The kidney was extracted intact 
through an infraumbilical midline, Pfannenstiel or extended 
port-site incision according to surgeon’s preference. Often, 
the kidney was too large to fit into the endocatch bag and 
was removed without it. The extraction incision was closed, 
and pneumoperitoneum recreated to inspect for hemostasis. 
We irrigated the abdomen with 2 litres of saline to wash 
any residual cyst fluid. The abdomen was deflated, and the 
12-mm trocar incisions were closed under direct vision with 
absorbable sutures, using the Carter-Thomason device. The 
5-mm ports were closed only at the skin level.

Fig. 1. A: Coronal computed tomography view of 49-year-old male before 
laparoscopic nephrectomy; B: Position of the patient and port placement; C: 
Specimen of massively enlarged polycystic kidney.
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Results

During the 7-year study period, 32 patients (male [M] 21, 
female [F] 11) underwent laparoscopic nephrectomies for 
39 renal units. Seven patients (M=6, F=1) underwent staged 
bilateral nephrectomy and 25 patients (M=15, F=10) under-
went unilateral laparoscopic nephrectomy. Fourteen were 
left sided and 25 were right sided. Surgical indications were 
varied: to create space for future renal transplant in 21, to 
alleviate pain in 16, to prevent recurrent urosepsis in 2, 
to prevent recurrent bleeding which would require transfu-
sions in 2 and to remove a renal tumour in 1 kidney. For 
patients had surgery for more than one reason. Preoperative 
parameters are outlined in Table 1. Fourteen (36%) patients 
had undergone prior abdominal surgeries, 27 (69%) patients 
were receiving hemodialysis and 3 (8%) patients were on 

peritoneal dialysis at the time of nephrectomy. Seven (18%) 
patients had undergone nephrectomy after the renal trans-
plant. Out of 32 patients, 26 (81%) patients received a kid-
ney transplant, either prior to nephrectomy (7 patients) or 
after the nephrectomy (19 patients). Six patients were still 
on the wait-list for the transplant. No patient underwent 
angioembolization preoperatively. Table 2 outlines the peri-
operative data. The mean surgical duration was 185 minutes 
(range: 113-287); and the estimated blood loss was 94 mL 
(range: 10-350). Surgeons required 5 laparoscopic ports for 
operation in 6 procedures (15%), 4 ports in 9 (23%) pro-
cedures and 3 ports in 24 (62%) procedures. Gelport was 
required in 1 patient, in addition to 3 laparoscopic ports, 
due to difficulty. No patient required open conversion. The 
specimen was extracted through a Pfannenstiel incision in 6 
procedures, a midline incision in 26 procedures and incision 
extending one of the port-site was used in 7 procedures. The 
length of incision for extraction of intact specimen ranged 
from 6 to 13 cm with a mean of 9.2 cm. The mean weight 
of final specimen was 1515 g (range: 412-4590); and mean 
size was 24.2 cm (range 15-38). Histological diagnosis of 
ADPKD was confirmed in all the specimens; 1 patient also 
had 3-cm papillary type 1 renal cell carcinoma (RCC). The 
patient with papillary type 1 RCC was recurrence/metastasis 
free at the 2-year follow-up. The mean length of stay was 
4.5 days (range: 3-8). Unassisted ambulation started on an 
average in 2 days (range: 1-7) and full diet in 2 days (range: 
2-7). Postoperatively, the levels of hemoglobin were at a 
mean of 117.6 g/L (range: 95-147). 

There were 4 complications (Table 3). One Grade 2 
complication required blood transfusions for postoperative 
bleeding from contralateral kidney. Two Grade 3b com-
plications came from a gall bladder perforation requiring 
cholecystectomy and a umbilical port-site hernia requiring 
repair later. The single Grade 4a-d complication was postop-
erative sepsis and myocardial infarction requiring prolonged 

Table 1. Preoperative parameters
No. cases (n) 39

No. patients (n) 32

Sex (Male:Female) 21:11

Mean age (years) 52.2 (range: 29-72)

Median ASA class 3

Mean BMI (kg/m2) 26.9 (range: 21.6-34.0)

Preoperative dialysis (n) 30 (HD 27, PD 3)

Operative side (Left:Right) 14:25

Mean preoperative creatinine (µmol/L) 514 (range: 84-923)

Mean preoperative hemoglobin (g/L) 131.6 (range: 107-171)

Previous abdominal surgery (n) 14
ASA: American Society of Anesthesiologists classification; BMI: body mass index, HD: 
hemodialysis, PD: peritoneal dialysis.

Table 2. Intraoperative and postoperative parameters
Mean duration of procedure (min) 185 (113–287)

Mean estimated blood loss (mL) 94 (10–350)

Mean size of extraction incision (cm) 9.2 (6–13)

Extraction type (n) Pfannensteil 6

Midline infraumbilical 26

Port-site extended 7

Mean specimen weight (g) 1515 (412–4590)

Mean specimen size (cm) 24.2 (15–38)

Mean postoperative hemoglobin (g/L) 117.6 (95–147)

Mean length of stay (days) 4.5 (3-8)

Mean unassisted ambulation (days) 2 (1–7)

Mean first full diet (days) 2 (2–7)

Histopathology (n) Benign 38

Malignant
1 (type 1 papillary 

renal cell carcinoma)

Fig. 2. A: Jarit Padron Endoscopic Exposing Retractor (PEER) (J. Jamner Surgical 
Instruments, Inc, Hawthorne, NY); B: The retractor being used during the 
laparoscopic nephrectomy for autosomal dominant polycystic kidney disease.
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intensive cardiac unit stay. This patient was the first case in 
our series and had rupture of cysts intraoperatively to make 
space to help dissection. Retrospectively, the irritation by 
complex cyst fluid might have led to peritonitis and sepsis. 
We currently selectively puncture and aspirate the larger 
clear cysts and do not puncture any cyst that may contain 
debris or complexity. There were no deaths.

Discussion

Most patients with ADPKD can be asymptomatic, but a small 
percentage may get massively enlarged kidneys with resul-
tant problems. Symptoms related to enlarged kidneys may 
be in the form of pain, abdominal fullness, gastro-esophageal 
reflux and infection. Most of these symptoms are gener-
ally managed using medical treatment; surgery is offered to 
patients failing conservative methods. Nephrectomy is indi-
cated for patients with large kidneys causing pressure symp-
toms, pain, infection, bleeding, hypertension, erythrocytosis 
and suspicion of malignancy; nephrectomy is also indicated 
in these patients to create space for renal allograft.11 As 
reported previously, open nephrectomy for enlarged poly-
cystic kidneys in patients with ADPKD is associated with 
significant complication rates.3 In azotemic patients espe-
cially, larger abdominal incision adds to existing comorbidi-
ties and prolongs the convalescence period. Because of high 
morbidity and mortality and lack of complications in native 
polycystic kidneys after the transplants, in the Ho-Hsieh and 
colleagues’ study, open nephrectomy for polycystic kidneys 
was performed less frequently.12

Since the description of laparoscopic nephrectomy in 
ADPKD by Elashry and colleagues, many centres have 
described their experience with pure laparoscopic or 
hand-assisted laparoscopic nephrectomy for ADPKD.7-9,13-16

Binsaleh and colleagues compared laparoscopic and open 
approaches and concluded that laparoscopic nephrecto-
my is a feasible and safe alternative to open nephrectomy 
in patients with ADPKD. They also showed laparoscopy 
resulted in shorter incision, less pain, shorter length of stay 
and excellent cosmesis as compared to open nephrectomy.9

Similarly, Dunn and colleagues, in their series of 11 patients 

with ADPKD who underwent laparoscopic nephrectomy, 
reported minimal intraoperative estimated blood loss, less 
pain, shorter length of hospital stay and rapid recovery.13

As shown by Bendavid and colleagues, in 22 patients 
who underwent laparoscopic nephrectomies for ADPKD 
with median kidney size of 22 cm (range: 8-50), the reported 
intraoperative and postoperative complication rate was 18% 
and 32%, respectively. They reported median surgical time 
as 255 minutes (range: 95-415) and conversion to open 
rate of 18%. They concluded that laparoscopic nephrec-
tomy is a safe procedure, offering short length of hospital 
stay, but with comparatively high morbidity and conversion 
rate.14 Lipke and colleagues successfully reported bilateral 
hand-assisted laparoscopic nephrectomy for 18 patients, 4 
of which were converted because of the large size of the 
polycystic kidneys. They used 8-cm periumbilical incision 
for the hand-assisted LapDisc (Ethicon Endo-Surgery, Inc., 
Cincinnati, OH) device and for the removal of the specimen 
after significant decortication. They concluded that patients 
with massively enlarged polycystic kidneys (>3500 cc) may 
benefit from open nephrectomy.7

In their retrospective review of 10 patients undergoing 
bilateral hand-assisted laparoscopic nephrectomy, Whitten 
and colleagues successfully reported the use of vacuum 
curettage to reduce kidney size and facilitate the removal 
through a periumbilical hand port incision.15 We preferred 
not to morcellate and decided to remove the specimens 
intact in our series. The spillage of cyst contents and fluid 
in the peritoneal cavity has been associated with pain and 
peritonitis with subsequent ileus. This happened in one of 
our patients who had cysts ruptured intraoperatively with 
spillage of contents and developed peritonitis and sepsis 
requiring intensive medical therapy subsequently. However, 
any other source of infection and sepsis apart from cyst 
fluid could not be ruled out in the same patient; laparo-
scopic cyst de-roofing is a commonly performed procedure 
in which cyst fluid spillage occurs. We feel that careful 
aspiration of the clear cyst fluid by Veress needle might 
help minimize the risk of peritoneal irritation or infection, 
but larger controlled studies are required. Morcellation of 
massively enlarged kidney would also add significant time 
(30-60 minutes) to the operative procedure. Also, there is 
a rare but plausible chance of malignancy in the kidney.13

One of our other patients was diagnosed with 3-cm papillary 
RCC on histopathological examination and was recurrence/
metastasis free at the 2-year follow-up. Although, sometimes 
it is difficult to entrap the specimen completely due to its 
size, we still recommend bagging the specimen whenever 
feasible, as it can facilitate extraction through a smaller inci-
sion and prevent undue cyst fluid and rare tumour spillage. 
The mean length of hospital stay in our case series (4.5 days) 
was higher than in many other series,7,8,14 but less than in the 
series by Desai and colleagues (4.86 days).17 This might have 

Table 3. Complications according to Modified Clavien 
System
Grade 1 0

Grade 2 1

Grade 3a 0

Grade 3b 2

Grade 4a-d* 1

Grade 4b 0

Grade 5 0
*Suffix d indicates need for follow-up to fully evaluate the complication.
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been due to the fact that our mean ASA (American Society 
of Anesthesiologists) scores, size and weight of the kidneys 
were higher than in other series.

The conversion to open surgery in various series is 9% 
to 22%.7,14,17,18 Considering the large size of the kidneys, the 
availability of space is limited and incidental injury to other 
adjacent organs should be kept in mind. In a report by Ivey 
and colleagues,18 there was significantly higher open conver-
sion rate (40% vs. 8.2%, p < 0.001), higher mean estimated 
blood loss (400 vs. 100 mL, p < 0.001), longer operative 
time (5.6 vs. 3.25 h, p = 0.003) and longer stay in hospital 
(4.0 vs. 3.0 d, p = 0.046) for laparoscopic nephrectomies 
involving specimen weight >1500 g. In the present series, 
no open conversion was required. This is probably due pri-
mary surgeon’s expertise and comfort level with advanced 
laparoscopic procedures. We advocate the use of either 
Optiview trocar or Hasson cannula for direct laparoscopic 
access as Veress needle may injure intra-abdominal organs 
due to space limits.

Laparoscopic nephrectomy for ADPKD differs from stan-
dard nephrectomy for other renal conditions because of 
space constraints and the large kidneys. The dissection of 
adrenal and postero-lateral portions of the kidney is espe-
cially challenging and may require additional port place-
ment or hand-assisted device. The use of extra 12-mm or 
5-mm ports is encouraged whenever required. We found 
Jarit Padron Endoscopic Exposing Retractor (PEER) (Fig. 2) 
especially useful for this purpose. We successfully used 
12-mm umbilical and epigastric ports as camera ports to 
dissect the lower and upper pole, respectively.

This study has some limitations. It is retrospective and 
lacks a comparative open group, but it may not be appro-
priate to offer open surgery in today’s era of laparoscopy. 

Conclusion

Our updated technique of transperitoneal laparoscopic 
nephrectomy for massively enlarged polycystic kidneys in 
patients with ADPKD is safe and offers all the advantag-
es of minimal access surgery, such as reduced estimated 
blood loss, smaller incision, excellent cosmesis and faster 
recovery. As laparoscopic nephrectomy in ADPKD has a 
significant learning curve, we encourage surgeons to gain 
significant experience in advanced laparoscopy before try-
ing this procedure so that complications and conversions 
can be minimized. 
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