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ABSTRACT

Objectives: Laparoscopic live donor nephrectomy (LDN) is a minimally invasive technique
for kidney procurement that may decrease the donor disincentives. In addition, recent studies have
demonstrated that LDN has equal graft and recipient survival when compared to the standard open
approach. We report our experience with LDN and compare the results with the most recent open
donor nephrectomy (ODN) group performed at our institutions.

Material and Methods: The records of 70 consecutives left sided LDN performed between
October 1998 and March 2001 were retrospectively reviewed and compared to 40 ODN performed
between April 1996 and January 2000.

Results: Average blood loss (127 ml vs. 317 ml; p < 0.001), time to PO intake (25 hrs vs.
34.6 hrs; p < 0.001), and hospital stay (2.7 d vs. 4.2 d; p < 0.001) were statistically significant better
for the LDN group when compared to ODN group. The average warm ischemia time in the LDN
group was 138 seconds (range 55 - 360). The major complication rate in both laparoscopic (4 cases)
and open (2 cases) donor groups was similar (5.7% and 5%, respectively). The average post-opera-
tive day (POD) 90 recipient creatinine was similar for both groups (1.5±0.9 vs. 1.5±0.8 ng/dL; p=
0.799). Similar rates of recipient ureteral complications occurred in the LDN and ODN groups: 1.4%
(1 case) and 2.5% (1 case), respectively. Likewise, acute rejection was also similar at 22.8% (16
cases) and 27.5% (11 cases) in the LDN and ODN respectively.

Conclusions: At our institutions, LDN was superior to ODN with regards to donor operative
blood loss, time to PO intake, and length of hospital stay. In addition, similar complication rates, and
3-month recipient kidney function were demonstrated.
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INTRODUCTION

Renal transplantation remains the only
chance for end-stage renal disease patients to be free
of dialysis. Live renal transplantation shows poten-
tial advantages when compared to cadaveric donor
renal transplantation: longer patient and graft survival,
shorter time on the renal transplant wait list, optimal
conditions for allograft retrieval, improved HLA
matching, shorter cold ischemic time and decreased
imunosuppression regimens (1,2). Despite these po-

tential advantages, only a third of all renal transplan-
tations performed in United States involve live do-
nors (3).

Laparoscopic nephrectomy was initially de-
scribed as an alternative to open surgery for the treat-
ment of benign renal disease (4). The similar results
achieved with this technique when compared to the
open approach for the same procedure, encouraged a
broadening of the indications to other urologic pro-
cedures (5-7). In 1995, Ratner et al. (8) described the
first laparoscopic live donor nephrectomy (LDN) and,
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since then, many centers around the country have been
using this technique for living renal transplantations.
This minimally invasive technique for kidney procure-
ment potentially decreases the donor disincentives
(9,10), and multiple studies have demonstrated equal
graft and recipient survival when compared to the stan-
dard open approach (11-16). Schweitzer et al. (17)
noted an increase in the willingness of potential do-
nors to undergo the donation in their institution. Simi-
larly, Ratner et al. (18) observed an increase of 25% in
live kidney donations due to the laparoscopic approach
in donors who would not have donated if the open sur-
gery was the only option. Herein, we report our expe-
rience with LDN and compare the results with the most
recent open live donor nephrectomy (ODN) group per-
formed at our institutions.

MATERIALS AND METHODS

The records of 70 consecutives left sided LDN
performed between October 1998 and March 2001

were retrospectively reviewed and compared to 40
ODN performed between April 1996 and January 2000.

Perioperative Care
Helical three-dimensional computerized

angio-tomography was performed in all donors to
evaluate the vascular and collecting system anatomy.
For both groups, the donors received clear liquids and
magnesium citrate bowel preparation the day before
surgery. A second-generation cephalosporin was ad-
ministered 1 hour before skin incision. Sequential
compression devices were placed in order to prevent
embolism, and a nasogastric tube and a Foley cath-
eter were inserted in all donor patients. The
nasogastric tube was removed at the end of surgery,
and the Foley catheter was removed on the morning
of post-operative day one. Intra-operatively, all pa-
tients received 2-3L of crystalloids in order to main-
tain a good urinary output (2 cc/kg/h). Before renal
pedicle clamping, 12.5 g of mannitol were adminis-
tered.

Figure 1 - Ports configuration: Two 12mm trocars are placed (large dots). The first one approximately 8cm below the rib cage, at the
lateral border of the rectus muscle, the other port, approximately 8cm below the rib cage at the anterior axillary line. Three additional
5mm trocars are placed (small dots): the first one approximately 5cm below the rib cage at the border of the lateral rectus muscle; the
second just inferior to the umbilicus, and the last port in the mid axillary line about 5cm below the rib cage, after the colon had been
reflected medially.
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Laparoscopic Live Donor Nephrectomy Group
The patients were placed in a right sided

flank position, with the upper body rotated posteri-
orly about 30 degrees, and kidney rest elevated.
Right-sided kidneys were not used because of the
high risk of renal vein thrombosis after recipient im-
plantation (12). A 5-port configuration was used in
all 70 patients (Figure-1). The initial trocar was
placed approximately 8cm below the rib cage at the
lateral border of the rectus muscle. Peritoneal cavity
entry was achieved at this site using the Optiview
12mm blunt-tipped trocar (19) (Ethicon Endo-Sur-
gery, Cincinnati, OH), and a pneumoperitoneum of
14 mm Hg achieved. Under direct vision, a second
12mm blunt-tipped trocar was placed at the anterior
axillary line, approximately 8cm below the rib cage.
Three additional 5 mm ports were then placed: a)-
The first one approximately 4 cm below the rib cage
at the lateral border of the rectus muscle; b)- The
second just inferior to the umbilicus; c)- The last
port in the mid-axillary line approximately 5 cm be-
low the rib cage, after the colon had been reflected
medially. The 5mm harmonic scalpel (Ethicon Endo-
Surgery, Cincinnati, OH) was used in all cases for
active dissection and coagulation of small vessels,
reserving the bipolar electrocautery for larger bleed-
ing points. Adrenal and gonadal veins were dissected
circumferentially, clipped, and incised. The renal
vein was then circumferentially dissected free until

it could be retracted superiorly, exposing the neuro-
lymphatic tissue covering the renal artery. Dissec-
tion then continued through the neuro-lymphatic tis-
sue until the renal artery was completely dissected
to its origin from the aorta. Care was taken to keep
intact the perinephric fat close to the renal hilum, to
prevent any injury to the vessels feeding the ureter.
The ureter was dissected inferiorly to the crossing
of the iliac artery, clipped and divided. Once the kid-
ney was only attached by the renal pedicle, the ar-
tery and vein were divided sequentially using the
endo-GIA stapler (Auto Suture, Norwalk, CT)
through the lateral 12mm port. The kidney was re-
moved using an EndoCatch bag (Auto Suture,
Norwalk, CT) through a sub-umbilical midline in-
cision in the first 43 cases, or manually through a
modified Pfannenstiel incision in the last 27 cases
(20) (Figure-2). Prior to stapling, anticoagulation
was achieved with the administration of 100 units/
kg of heparin intravenously and reversed with 1 mg/
kg of protamine intravenously after pedicle division.
Hemostasis was assured under direct vision after the
pneumoperitoneum pressure was reduced to 4 mm
of Hg. The rectus muscles fascia (site of kidney re-
moval) was then closed using a running No. 1 PDS
suture. Trocars were removed under direct vision
and no fascial closure was performed at the trocar
sites. The skin incisions were closed using subcu-
ticular 4-0 monocryl.

Figure 2 - Specimen retrieval. Note the assistant’s right hand lifting the kidney. After renal vessels division, the kidney is manually
removed from the abdomen through a modified Pfannenstiel incision.
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The procured kidneys were flushed with
Euro-Collins solution and kept in ice slush prepara-
tion before recipient implantation.

Open Live Donor Nephrectomy Group
Procured kidneys were removed through an

extraperitoneal flank or transabdominal subcostal in-
cision, depending on the transplantation team prefer-
ence. After removal, the kidneys were flushed with
Euro-Collins solution and kept in ice slush prepara-
tion before recipient implantation.

Recipients
The procured kidneys were implanted

through a standard extraperitoneal Gibson incision
in all recipients. End-to-side vascular anastomosis
between renal vessels and external iliac vessels, as
well as an extravesical ureteroneocystostomy (Lich-
Gregoir technique) were performed in all recipients.
Antithymocyte globulin induction with steroids,
mycophenolate mofetil, and delayed Tacrolimus (af-
ter kidney function was well established) were used
in the recipients as imunosuppression regimen.

Statistical analysis was performed using the
Student t test, and the data was expressed as the mean
plus or minus one standard deviation.

RESULTS

Donor demographics are shown in Table-1 and
peri-operative donor data is shown in Table-2. Mean
operative time was 164min (80-300) and 190min (100-
280), in the LDN and ODN group, respectively. Esti-
mated blood loss (127 mLvs. 317 ml; p< 0.001), time
to PO intake (25hrs vs. 34.6hrs; p< 0.001), and mean
hospital stay (2.7d vs. 4.2 d; p< 0.001) were also sig-
nificantly less in the LDN group. Warm ischemia
time (WIT) was 138 seconds (range 55-360) in
laparoscopic group. No WIT was recorded in the open
group.

A total of 11 complications (15%) occurred
in the LDN group (Table-3). Of these, 4 were major
(5.7%), with bleeding representing 2 cases. The first
complication was related to a segmental renal vein in-
jury caused by the Kitner retractor, while the second
case was caused when a right angle clip slipped off
from a short adrenal vein stump. Two units of blood
were transfused in the first patient. Open conversion
was performed in both cases. The third major compli-
cation was an inadvertent upper ureter transection dur-
ing the lower pole dissection. The procedure was com-
pleted laparoscopically, and an end-to-side uretero-ure-
terostomy between the ureter of the transplanted kid-

Table 1 - Donor demographics.

    Laparoscopic      Open

Number      70 patients  40 patients
Age (years)      39.1  (19-61)  38      (23-59)
Male: Female            28:42        18:22
Body Mass Index                  23.33 (22.36-34.13)              29.27 (22.08-41.53)

Table 2 - Peri-operative donor data.

                                                              Laparoscopic                  Open                          p Value

Warm ischemia time (sec)                   138 (55-360)           Not recorded
Estimated blood loss (ml)                    127    ± 142           317    ± 214  < 0.001
Time to ambulate (hrs) 24.8 ± 9.6             30.4 ± 13.5     0.128
PO intake (hrs) 25.0 ± 10.1             34.6 ± 14.8  < 0.001
Highest post-op creatinine (ng/dL)   1.3 ± 0.3               1.4 ± 0.3     0.876
Hospital stay (days)   2.7 ± 0.9               4.2 ± 2.5  < 0.001

LAPAROSCOPIC VERSUS OPEN LIVE DONOR NEPHRECTOMY



398

ney and the native right ureter was performed in the
recipient. The kidney showed immediate function af-
ter implantation, and the stent was removed at 6 weeks.
No ureteral extravasation or stricture has been observed
after 22 months of follow-up. The last major compli-
cation in the LDN group was a splenic injury caused
by the metal rim of the EndoCatch device (Auto Su-
ture, Norwalk, CT) used to retrieve the kidney. Fol-
lowing cauterization of the splenic laceration and ap-
parent hemostasis at a pneumoperitoneum pressure of
4 mm Hg, the patient was sent to the recovery room in
stable condition. On POD 1, the patient presented with
hypotension and an acute drop in hemoglobin. Three
units of blood were transfused, but the patient contin-
ued to display signs of hemodynamic instability, and
was taken back for an exploratory laparotomy. Active
bleeding was seen coming from the spleen, and the
decision was  to perform a splenectomy. The patient
had an uneventful post-operative course and recovery.

The open group showed 1 minor and 2 ma-
jor complications (7.5%) (Table-3). Bleeding dur-
ing renal pedicle dissection was responsible for both

major complications. No transfusions were needed.
No significant difference in recipient renal

function was noted between LDN and ODN groups
(Table-4).

A similar rate of complications in recipients
of LDN and ODN kidneys was encountered (Table-
5). One case of ureteral obstruction occurred in the
laparoscopic group (1.4%), which was attributed to a
blood clot. During reoperation, no sign of ischemia
or extravasation from the distal ureter was observed.
The patient underwent ureteral reimplantation with
good outcome. Similarly, one ureteral complication
occurred in the open group (2.5%). The patient pre-
sented with a peritransplant urine collection on POD
1. Surgical exploration revealed a partial uretero-vesi-
cal anastomotic disruption. After ureteral
reimplantation, the patient had an uneventful recov-
ery. Sixteen patients (22.8%) in the laparoscopic and
11 patients (27.5%) in the open group presented with
varying degrees of acute rejection. One recipient in
the open group returned to dialysis on POD 16 due to
arterial thrombosis, and one recipient in the LDN

Table 3 - Laparoscopic and open donor complications.

     Laparoscopic (15%)                    Open (7.5%)

Major Venous bleeding (n = 2)        Lumbar vein  injury (n = 2)
Ureteral injury (n = 1)
Splenic injury (n = 1)

Minor Atelectasis (n = 1)        Incisional hernia       (n = 1)
            Duodenal ulcer (n = 1)

Respiratory distress (n = 1)
Scrotal swelling (n = 1)

            Thigh numbness (n = 1)
            Testicular pain (n = 1)
            Atrial fibrillation (n = 1)

Table 4 - Creatinine evolution in both recipient groups.

         Laparoscopic    Open p Value

Creatinine: POD 1 2.9 ± 1.6 3.5 ± 1.8  0.038
Creatinine: POD 4 1.6 ± 1.4 1.8 ± 1.8  0.567
Creatinine: POD30 1.4 ± 0.6 1.8 ± 1.6  0.151
Creatinine: POD 90 1.5 ± 0.9 1.5 ± 0.8  0.799
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group returned to dialyses due to acute rejection. One
recipient in the LDN group died on POD 15 due to
cryptococcal meningitis.

DISCUSSION

Live donor nephrectomy is a unique opera-
tion as it exposes an otherwise health person to po-
tentially major complications for another person’s
benefit. This procedure has been performed through
an open approach for several decades (1,2). However,
encouraging results with the laparoscopic treatment
of urologic diseases, prompted Ratner et al. (8) to
perform the first human LDN in 1995. Since then,
multiple authors have reported good results with this
approach (11-16). In order to be accepted as a substi-
tute for the traditional open approach, LDN has to
fulfill several criteria. First, donors submitted to
laparoscopic nephrectomy should not be exposed to
additional morbidity when compared to the open do-
nors. In addition, procured kidneys should have over-
all graft survival and renal function rates similar to
those kidneys harvested by the open approach. Fi-
nally, the laparoscopic approach must offer advan-
tages to the donor such as diminished post-operative
pain, improved cosmesis, shorter hospital stay and
earlier return to normal activities (11-16).

Others have compared the results obtained
with the laparoscopic and open approach, reporting
equivalent recipient outcomes and significant reduc-
tions in donor morbidity (11-16). Our series is addi-
tional evidence that LDN is becoming a standard of
care. In our patients, estimated blood loss, resump-
tion of PO intake, and hospital stay, were significantly
lower in the LDN group. Moreover, although the use
of postoperative analgesic was not assessed, the de-
creased time to ambulate after surgery, associated with
the use of a small infra-umbilical or a Pfannenstiel
incision to retrieve the procured kidney and, the
shorter hospital stay, showed that the laparoscopic
approach is less painful than the open approach.

Historically, the overall incidence of compli-
cations for the traditional open approach ranges be-
tween 8 to 47% (21). There were 11 complications
(15%) observed in the LDN group, similar to the rate
in open series. In addition, only 4 of these were major

(5.7%), which showed no difference when compared
to the ODN group (5%). The 2 bleeding complications
in the LDN group could be avoidable. Currently, in-
stead of using laparoscopic clips to control the left re-
nal vein branches, we are coagulating these vessels with
the bipolar electrocautery, and dividing them with the
harmonic scalpel. Since this modification was intro-
duced, no complications related to clip dislodgement
have been observed. Furthermore, the lack of clips at
the renal vein tributaries, have facilitated the position-
ing of the endo-GIA to safely divide the renal vessels.
The inadvertent upper ureter division and the splenic
injury were observed early in this series, and were at-
tributed to the learning curve. As stated before, in the
last 27 cases, the procured kidney was manually re-
moved through a modified Pfannenstiel incision in-
stead of using the EndoCatch bag. This modification
allowed us to have a more controlled setting during
the endo-GIA positioning and firing across the renal
vessels, preventing potential complications. Addition-
ally, using the manual retrieval, WIT was lowered from
173 to 101 seconds (p<0.001) (20).

The incidence of recipient ureteral ischemic
complications for LDN ranges between 2% to 11.2%.
Generally, these complications tend to occur early in
the series, and are associated to the use of monopolar
cautery to dissect the ureter (9,11,13,15,18). The use
of harmonic scalpel has been reported to result in
significantly reduced lateral tissue damage when
compared to the monopolar electrocautery (22,23).
In this series, the harmonic scalpel was used for dis-
section and coagulation in all cases. To date, no re-
cipient ureteral strictures in the initial 126 LDN have
been observed.

Delayed graft function after renal transplan-
tation is generally associated with prolonged warm
ischemia time and, consequently, acute tubular ne-
crosis (15). In addition, during LDN, the renal vein
compression caused by the pneumoperitoneum can
lead to diminished renal plasma flow and oliguria,
which could potentially increase the risk of acute tu-
bular necrosis (24,25). This series and previous re-
ports did not observe this effect on the
laparoscopically harvested transplanted kidneys
(11,12). In fact, all transplanted kidneys in the LDN
group functioned immediately after recipient implan-

LAPAROSCOPIC VERSUS OPEN LIVE DONOR NEPHRECTOMY
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tation. Despite this, 16 patients (22.8%) in the LDN
group developed some degree of acute rejection, but
only one case returned to dialysis due to sustained
rejection. The incidence of acute rejection in the open
group was similar to the laparoscopic group.

Although the LDN series represents our
learning curve, we were able to achieve recipient and
donor results similar to those achieved with the es-
tablished open approach, associated with reduced
donor morbidity. The authors believe that in a near
future, the laparoscopic approach will become the
standard of care to procure kidneys in live donor re-
nal transplantation.

CONCLUSIONS

At our institutions, laparoscopic live donor
nephrectomy showed similar short-term recipient re-
sults as those achieved with the open approach.
Laparoscopic donor patients demonstrated a signifi-
cant decrease in average blood loss, resumption of
postoperative oral intake and mean hospital stay,
when compared to the open group. The complica-
tion rate was similar to that in the ODN group. This
series provides additional data for the growing body
of evidence that LDN is becoming a standard of care
for living renal transplantation.

Ms. Tracy Robinson and Ms. Stephanie
Derdak compiled the laparoscopic renal transplant
database, Ms. Naomi Fineberg performed the sta-

tistical analysis.The Endourological Society and
the Boston Scientific Corporation

supported in part this work.
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EDITORIAL COMMENT

The authors are to be congratulated for this
study in which they present their series of 70
laparoscopic live donor nephrectomies. The surgical
outcome of this series adds to multiple studies already
published in the literature, and confirms that the
laparoscopic approach provides excellent surgical
outcomes, comparable to the open surgical approach
with significant advantages in terms of blood loss,
parenteral analgesic usage, hospital stay, convales-
cence, and superior cosmesis.

However, we take issue with the author’s
excluding right donor nephrectomies due to a “high

risk of renal vein thrombosis after recipient implan-
tation”. An established principle of kidney transplan-
tation is to preserve the better kidney with the donor.
As such, right donor nephrectomy has been performed
in up to 35% of patients in some open series(1). Right-
sided live donor nephrectomy is indicated in the set-
ting of multiple left renal arteries or anatomically com-
promised kidney. Anatomically, the right renal vein
is significantly shorter compared to the left renal vein,
increasing the technical challenge of right donor ne-
phrectomy. We employ the retroperitoneoscopic ap-
proach for the right-sided donor nephrectomy, which
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phrectomy. Although the length of the right renal vein
was clearly shorter, it did not compromise the trans-
plantation procedure.
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REPLY BY AUTHORS

We congratulate the reviewers for the large
and positive experience with right laparoscopic do-
nor nephrectomy (LDN).

However comparing their result for right
LDN with our results for left LDN, the warm ischemia
time was 50% shorter (average 2 min 28 sec vs. 5
min) and the early recipient creatinine was better (av-
erage 1.6 on post operative day 4 vs. 1.9 on post op-
erative day 5) for the left LDN.

The long term significance of these differences
is yet to be established. Also the reviewers do not re-
port their complication rate related to right sided LDN.

We have performed 5 right sided LDN, the
average warm ischemia time was 3 min 10 sec and 2
of these kidneys showed early acute tubular necrosis
(ATN) that resolved after 5 and 7 days. Average crea-
tinine of these 5 patients was 1.7 at 30 days. Based
on our experience, we recommend that the left kid-
ney be preferably used for LDN, especially during
the initial 50 cases of LDN, and only then attempt
right sided LDN.

provides excellent exposure of the right renal vein
directly as it joins the vena cava. This allows com-
plete harvesting of the right renal vein by placing the
EndoGIA stapler (U.S. Surgical, Norwalk, CT) flush
with the vena cava (2).

We reviewed retrospectively 90 patients un-
dergoing laparoscopic donor nephrectomy at our in-
stitute from October 1997 to August 2001 (3). Right
retroperitoneoscopic donor nephrectomy was per-
formed in 25 patients (28%). Mean right renal vein
length was 1.5cm. Operative time was 3 hours, and
warm ischemia time was 5min. The kidney was ex-
tracted from a muscle splitting extraperitoneal Gibson
incision and hospital stay was 2.2 days. No kidneys
were lost, and recipient mean serum creatinine was
1.9 and 1.27, at 5 and 30 days post transplant, respec-
tively. In conclusion, right laparoscopic donor nephre-
ctomy is safe and results in donor and recipient out-
comes are comparable to left laparoscopic donor ne-

The principle of leaving the donor with the
best kidney should be kept, but in proportion. The sen-
sitivity of computerized tomography is such that it de-
tects asymptomatic small renal stones and renal cysts
that were previously not detected by intravenous pyelo-
gram and angiogram. The larger than 30 years experi-
ence with kidney donors preoperatively assessed by
these modalities teaches us that these abnormalities did
not result in renal function compromise for any of the
donors. As such at Indiana university the criteria for
potential left LDN include those donors older than 40
years, asymptomatic, with a right renal stone up to 5mm
and up to 2 renal cysts up to 1cm. At Indiana Univer-
sity 7 such patients had left LDN and are now asymp-
tomatic on appropriate follow-up.
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