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ABSTRACT

Background and Objectives: Historically, nephrectomy
for autosomal dominant polycystic kidney disease was
performed by an open technique. We performed this
study to compare outcomes in hand-assisted laparoscopic
nephrectomy with open nephrectomy in this population.

Methods: Charts of patients with autosomal dominant
polycystic kidney disease who underwent nephrectomy
by a transplant surgeon from January 1, 2000, to Decem-
ber 31, 2011, were reviewed. The hand-assisted laparo-
scopic nephrectomy group was compared with the open
group. Data collected included unilateral versus bilateral
nephrectomy, operative time, complications, transfusion
requirement, and length of stay.

Results: Of the 78 patients identified, 18 underwent open
transabdominal nephrectomy, 56 underwent hand-assisted
laparoscopic nephrectomy, and 2 underwent hand-as-
sisted laparoscopic nephrectomy that was converted to an
open procedure. Two patients were excluded because
another major procedure was performed at the same time
as the nephrectomy. Operative times were similar. Pa-
tients undergoing open bilateral nephrectomy were more
likely to receive transfusion (odds ratio, 3.57 [95% confi-
dence interval, 0.74–17.19]; P � .016), and the length of
stay was longer in the open groups (5.9 days vs 4.0 days
for unilateral [P � .013] and 7.8 days vs 4.6 days for
bilateral [P � .001]). Overall complication rates were sim-
ilar. The most frequent complications associated with
hand-assisted laparoscopic nephrectomy were the devel-
opment of an incisional hernia at the hand-port site and
arteriovenous fistula thrombosis.

Conclusion: Hand-assisted laparoscopic nephrectomy
can be safely performed without increased operative
times or complications. The hand-assisted laparoscopic
nephrectomy group enjoyed a shorter length of stay, and

fewer patients in this group received transfusion. For pa-
tients considering renal transplantation, avoidance of
transfusion is important to prevent sensitization and lim-
iting access to compatible organs.
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INTRODUCTION

Autosomal dominant polycystic kidney disease (ADPKD)
is a genetic disorder that results in the development of
multiple cysts of the kidney and, occasionally, extrarenal
organs.1,2 Often, these cysts are detected by early adult-
hood. Over time, kidney function deteriorates as normal
kidney tissue is replaced by cysts. Patients may have pain
as a consequence of cyst rupture or hemorrhage. In ad-
dition, patients may have symptoms of mass effect includ-
ing constipation and early satiety. Those with symptoms
of cyst rupture, hemorrhage, or extremely large kidneys
may benefit from nephrectomy.

Although pretransplant nephrectomy may improve graft
and patient survival after renal transplantation,3 we re-
serve nephrectomy for patients with symptoms or ex-
tremely large kidneys that do not allow placement of an
allograft. For patients considering renal transplantation, it
is in their best interest to receive no blood transfusion
before transplantation. Transfusion of blood products may
result in the production of antihuman leukocyte antigen
antibodies.4–6 The sensitized patient can have difficulty
locating compatible organs for transplantation.

Historically, nephrectomy was performed as an open pro-
cedure, through a flank or transabdominal approach, and
was associated with significant morbidity.7 We performed
this study to determine whether hand-assisted laparo-
scopic nephrectomy (HALN) is the better option.

METHODS

After we received approval from the institutional review
board, charts of patients who underwent nephrectomy by
a transplant surgeon diagnosed with ADPKD from January
1, 2000, to December 31, 2011, were reviewed. The sur-
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gical approach was at the discretion of the operating
surgeon. All patients had a noncontrast computed tomog-
raphy scan performed before surgery. HALN was com-
pared with the open group. Patients in whom conversion
to an open procedure occurred were included in the
HALN group for data analysis. Patients who underwent a
major unrelated operative procedure at the same time or
during the same hospitalization were excluded from the
study. Data collected included indication for surgery, his-
tory of abdominal surgery, unilateral versus bilateral ne-
phrectomy, operative time, complications, transfusion re-
quirement, and length of stay (LOS).

Statistical Analysis

Analyses between HALN and open nephrectomy were
compared for unilateral and bilateral nephrectomy sepa-
rately. Continuous variables were summarized as mean �
standard deviation and compared by use of the Student t
test. We used the �2 or Fisher exact test for comparisons of
categorical variables. P � .05 was considered statistically
significant.

Operative Technique

All patients underwent general anesthesia with nasogas-
tric or orogastric tube decompression and urinary catheter
tube drainage. The patients were positioned supine with
arms abducted and received perioperative antibiotics.

The open technique was performed through a midline
incision as described by Bennett et al.7

For the HALN, the hand-port incision is placed midline
periumbilically. A 30° camera is used. All dissections are
performed with the Harmonic scalpel (Ethicon Endo-Sur-
gery, Cincinnati, OH, USA). For a right nephrectomy, we
place a right lower quadrant camera port and a subxi-
phoid working port. For a left nephrectomy, the camera
port is placed in the subxiphoid area and the working port
is in the left lower abdomen. The working port must be
large enough to allow placement of a laparoscopic gas-
trointestinal anastomosis (GIA) stapling device.

For bilateral nephrectomy, we prefer to address the right
kidney first. A gel roll is placed under the patient’s right
side, and the operating table is turned to the left. The
surgeon’s right hand is inserted, and we begin with mo-
bilization of the cecum and ascending colon up to the
hepatic flexure. With the surgeon and assistant on the left
side of the patient, the surgeon’s left hand is inserted, and
we begin with mobilization of the cecum and ascending
colon up to the hepatic flexure. Superior attachments are

divided close to the kidney to avoid injury to the adrenal
gland. The kidney is rotated medially while the posterior
attachments are divided. Next, the medial aspect of the
kidney is carefully dissected, with the surgeon working
superiorly from the inferior pole. The ureter is identified
first and is ligated with vascular clips and divided. Because
of the large size of the kidney, it may be difficult to dissect
out the renal vessels. Once the renal pedicle is free, a
reticulating GIA stapler with a vascular load is applied
high up in the renal pelvis to avoid injury to the aorta and
inferior vena cava.

The left nephrectomy is performed with the patient ro-
tated to the right. For unilateral left nephrectomy, a gel roll
beneath the patient’s left side is used. In the case of
bilateral nephrectomy, the right-sided bump is removed
before the patient is rotated to the right. A bump is not
required because the bowels will fall into the void created
from the right nephrectomy. With the surgeon and assis-
tant on the right side of the patient, the surgeon’s left hand
is inserted and the sigmoid, left colon, and splenic flexure
are mobilized. The Gerota fascia is entered and the infe-
rior, lateral, and posterior attachments divided. Superiorly,
dissection is carried out close to the kidney to avoid injury
to the adrenal gland. Splenorenal ligaments are divided to
avoid traction injury on the spleen. With only the medial
aspect attached, dissection is performed superiorly from
the inferior pole. The ureter is identified, ligated, and
divided between vascular clips. Finally, the GIA stapler
with a vascular load is used to divide the renal hilum high
in the renal pelvis.

The kidneys are delivered through the hand-port incision
site. Given the large size of the kidneys, cysts are often
ruptured to allow their removal without extension of the
hand-port incision. After hemostasis is ensured, the colon
is returned to its normal anatomic position and the abdo-
men closed (Figure 1).

RESULTS

Our chart review identified 78 patients who underwent
nephrectomy by the transplant surgery service for ADPKD.
After we excluded 2 patients undergoing concomitant
major abdominal surgery unrelated to the nephrectomy,
there were 76 patients in the study. Excluded patients
included one patient in the HALN group who underwent
concomitant sigmoid colon resection for diverticular dis-
ease and one patient who had a splenectomy with sple-
norenal shunt for portal hypertension due to hepatic fi-
brosis at the time of his open nephrectomy. Demographics and
indications for nephrectomy are shown in Table 1.
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Of the 36 patients undergoing unilateral nephrectomy, 24
(66.7%) underwent HALN and 12 (33.3%) underwent the
open approach. Of the remaining 40 patients who had a
bilateral nephrectomy, 34 (85.0%) had HALN and 6
(15.0%) had an open operation. Two patients in the HALN
group underwent conversion to an open procedure but
were analyzed in the HALN group by intention to treat.
One conversion was because of dense intra-abdominal
adhesions from a previous hepatic cyst fenestration,
whereas the second patient did not progress laparoscopi-

cally because of the inability to dissect adhesions from the
kidney to the retroperitoneum, adrenal gland, and liver.

Two patients had a suspicious mass as their indication for
nephrectomy. These kidneys were substantially smaller
than the cohort (764 g and 379 g) and were removed intact
without deliberate rupture of cysts. Pathologic examina-
tion confirmed two (1.6-cm and 0.7-cm) papillary renal
cell carcinomas: the tumor was limited to the kidney in
one specimen, whereas the other was negative for malig-
nancy. There were no unexpected malignancies.

In the unilateral nephrectomy cohort, there were no sig-
nificant differences between the two groups with regard
to history of abdominal surgery, operative time, transfu-
sion requirement, or complications (Table 2). LOS was
significantly longer in the open group compared with the
HALN group (5.9 days vs 4.0 days, P � .013).

In the bilateral nephrectomy cohort, there were no signif-
icant differences in history of surgery, operative time, or
rate of complications (Table 2). LOS after open bilateral
nephrectomy was significantly longer than that after
HALN (7.8 days vs 2.6 days, P � .001). Patients undergo-
ing open bilateral nephrectomy were also more likely to
require blood transfusion (odds ratio, 3.57 [95% confi-
dence interval, 0.74–17.19]; P � .016).

Complications after nephrectomy are listed in Table 3.
The most frequent complications of HALN were wound
complications (5 patients), followed by arteriovenous fis-
tula thrombosis (3 patients). Most incisional hernias were
identified within the first year after nephrectomy, with one
patient presenting 11 days postoperatively with a fascial
dehiscence. Arteriovenous fistula thrombosis occurred im-
mediately and required thrombectomy and/or placement
of a dialysis catheter. Ascites requiring paracentesis devel-
oped in two patients, and both resolved without addi-
tional intervention.

There were two major surgical complications in the HALN
group and one in the open group. One patient had an
injury to the right internal iliac artery during dissection of
an adherent right lower pole off the iliac vessels. The
internal iliac artery was subsequently ligated. The second
patient, who was receiving anticoagulation for a pros-
thetic cardiac valve, returned to the operating suite for
postoperative bleeding. At the time of the re-exploration,
no active sites of bleeding were identified. The single
major complication in the open group was a splenic injury
that required splenectomy. This was identified at the time
of the open left nephrectomy. Other complications were
rare, and there were no in-hospital deaths.

Figure 1. Completed bilateral HALN showing relative size of
kidneys in relation to surgical incisions.

Table 1.
Demographics

HALN (n � 58) Open (n � 18)

Median age, yr 51.4 � 8.0 49.3 � 8.3

Male gender 56.9% 72.2%

Indicationa

Size 42 (72.4%) 16 (88.9%)

Pain 15 (25.9%) 0

Hematuria/bleeding 6 (10.3%) 1 (5.6%)

Infection 2 (3.4%) 1 (5.6%)

Mass 2 (3.4%) 0

Prior abdominal surgery 32 (55.2%) 7 (38.9%)

Simultaneous minor
procedure

24 (41.4%) 6 (33.3%)

aSome patients had more than one indication for nephrectomy.
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DISCUSSION

Laparoscopic nephrectomy for ADPKD was first described
by Elashry et al.8 The kidney dissection was performed
through a pure laparoscopy and the enlarged kidney re-
moved by a separate lower abdominal incision. Early

studies have concluded that laparoscopic nephrectomy is
feasible and safe, with the benefits of decreased pain,
shorter hospital LOS, and improved cosmesis but with the
disadvantage of significantly longer operative times.9–11

HALN appears to have the benefits of laparoscopic ne-
phrectomy with shorter operative times,12 with the first
published report by Nakada et al.13 Use of the hand
permitted the surgeon to use tactile sensation, blunt hand
dissection, and hand retraction and yielded the ability to
apply manual tamponade of bleeding quickly.14,15

Because of the benefits of HALN, the open technique is
rarely offered at our center. Unless the patient is known to
have significant intra-abdominal adhesions or requires
another procedure that requires a laparotomy, most pa-
tients will be offered the HALN approach. In contrast to
the study of Lipke et al.,16 we did not consider the size of
the kidney as a contraindication for HALN.

To our knowledge, this is the largest study comparing
HALN with open nephrectomy for ADPKD. Pure laparo-
scopic nephrectomy for ADPKD has a significantly longer
operative time and does not avoid an additional incision
to remove the enlarged kidney.8–10 HALN does not incur
additional risks compared with the pure laparoscopic
technique and offers the same benefits with reduced op-
erative times.11 Despite 41% of patients in the HALN group
having an additional procedure at the time of the nephrec-
tomy, as compared with 33% in the open group (Table 1),
operative times were not significantly longer. We should
mention that many of these additional procedures were of
relatively short duration and included placement of dial-
ysis catheters, ventral hernia repair, and cholecystectomy.
A prior abdominal surgery did not significantly increase
operative times or transfusion or complication rates given
that 55% of the HALN group had at least one previous
abdominal procedure (Table 1).

Table 2.
Comparison of HALN Versus Open Unilateral and Bilateral Nephrectomy

Unilateral Nephrectomy Bilateral Nephrectomy

HALN (n � 24) Open (n � 12) P Value HALN (n � 34) Open (n � 6) P Value

Operative times, min 173.0 � 82.8 147.1 � 40.2 .32 226.0 � 59.5 234.7 � 33.7 .73

Length of stay, d 4.0 � 1.9 5.9 � 2.4 .013 4.6 � 2.0 7.8 � 2.6 .001

Transfusion 4 (16.7%) 5 (41.7%) .13 9 (26.5%) 5 (83.3%) .014

Complications 4 (16.7%) 2 (16.7%) �.999 11 (32.3%) 3 (50.0%) .64

Prior abdominal surgery 14 (58.3%) 5 (41.7%) .48 18 (52.9%) 2 (33.3%) .66

Specimen weight, g 1026.1 � 425.2 2381.6 � 1218.2 �.0001 966.9 � 369.5 2476.6 � 1120.9 �.0001

Table 3.
Observed Complications of Nephrectomy

HALN (n � 58) Open (n � 18)

Fascial dehiscence,
incisional herniaa

6 (10.3%) 1 (5.6%)

Arteriovenous fistula
thrombosisa,b

3 (5.2%) 1 (5.6%)

Ascites requiring
paracentesisb

2 (3.4%)

Splenic injury requiring
splenectomya

1 (5.6%)

Bleeding requiring
reoperationa

1 (1.7%)

Vascular injurya 1 (1.7%)

Postoperative
myocardial infarctionc

1 (1.7%)

Temporary acute
mental status changesc

1 (1.7%)

Pneumoniad 1 (5.6%)

Prolonged ileuse 1 (5.6%)

aClavien classification IIIb, requiring intervention under general
anesthesia.
bClavien classification IIIa, requiring intervention without gen-
eral anesthesia.
cClavien classification IVa, single-organ dysfunction.
dClavien classification II, requiring pharmacologic treatment.
eClavien classification I, not requiring additional intervention.
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On average, LOS was reduced by 2 days in the HALN
group. Transfusion requirements were decreased in the
HALN group, especially when bilateral nephrectomy was
performed. This is particularly important for potential re-
cipients of renal transplantation in which transfusion will
expose patients to foreign antigens to which antibodies
may form. The development of antihuman leukocyte an-
tigen antibodies (sensitization) may result in difficulty
locating a compatible donor kidney in the future.

The primary complications observed were mainly wound
complications, which presented within the first year after
nephrectomy, and immediate thrombosis of the arterio-
venous fistula. The cause of thrombosis is not clear but
may be related to arm positioning or transient hypoten-
sion during the procedure. Previously reported complica-
tions were rare and are similar to those seen in our
population.14 Unusual complications include serosal duo-
denal tear, postoperative pulmonary emboli, and splenic
capsular tear.17,18

Interestingly, the specimen size (by weight) was greater in
the open group. Through the larger midline incision in the
open technique, the kidney can often be removed intact
with minimal rupture of cysts. In the HALN group, except
in the two patients in whom malignancy was a concern,
cysts were deliberately ruptured to allow extraction of the
enlarged kidneys through the smaller incision, resulting in
lesser weight of the specimen but not necessarily smaller
size of the kidneys. Desai et al.18 report concerns of
peritonitis-like symptoms or prolonged ileus when cysts
are ruptured. This was not observed in our HALN group.
Wound infection, likewise, was not evident despite cyst
rupture.

As with other procedures, there is a learning curve. A total
of 5 surgeons performed HALN during our study period,
with 2 surgeons performing most of the HALN proce-
dures. When we compare the operative times for those
who performed �5 or �10 procedures, we observed a
trend for longer operative times by the less experienced
surgeons (276.5 � 184.6 minutes vs 163.5 � 69.1 minutes
for bilateral [P � .06] and 303.5 � 31.8 minutes vs 223.5 �
60.5 minutes for unilateral [P � .07]).

Finally, we compared the patients’ charges for their re-
spective procedures. We limited review of the hospital bill
to patients who underwent the nephrectomy without ad-
ditional procedures and only analyzed the operating room
charges. We identified 5 open bilateral nephrectomies, 7
open unilateral nephrectomies, and 18 bilateral and 16
unilateral HALNs. For bilateral nephrectomy, the operat-
ing room charges were similar ($17,268.13 � $6484.98 for

open vs $22,173.90 � $7135.45 for HALN, P � .18).
However, the operating room charges for unilateral ne-
phrectomy were significantly lower in the open group
($9093.81 � $2310.98 for open vs $15,845.40 � $4029.77
for HALN, P � .0005). Because the open group had a
2-day longer LOS on average and therefore may have
required an additional inpatient hemodialysis treatment,
the difference in overall hospital charge would be less. At
our hospital, the current charge for a medical-surgical
semiprivate room is $798 per day and inpatient hemodi-
alysis costs $399 per session.

The principal limitation to this study is that it is retrospec-
tive. Our department will initially offer the HALN ap-
proach. Certainly, it would be difficult to randomize pa-
tients to open transabdominal nephrectomy in this era.
Patients with known intra-abdominal adhesions are being
referred for retroperitoneal nephrectomy (open vs mini-
mally invasive) by our urology colleagues. Although this
approach avoids violation of the peritoneal cavity, bilat-
eral nephrectomy will require two incisions, as well as
patient repositioning.19,20

CONCLUSION

Compared with open nephrectomy, HALN for ADPKD can
be safely performed without increased operative times or
complications. Patients who underwent HALN enjoyed a
shorter LOS, and fewer patients in this group received
transfusion. Extremely large kidney size or history of ab-
dominal surgery is not an absolute contraindication for the
HALN approach.
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