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Foreword

This book was an ambitious project, and I suspect it will be the first of many editions. 
The 13 chapters provide in-depth coverage of the donor evaluation, including finan-
cial, emotional, and legal issues, special anesthetic considerations, and the standard 
techniques of laparoscopic and retroperitoneoscopic donor nephrectomy. Two-thirds 
of the way through the book, we are teased with descriptions of laparoendoscopic 
single-site surgery (LESS) and robot-assisted laparoscopic donor nephrectomy pro-
cedures and left with the thought that one, or both of them, may be developed into the 
new standard of care. The final chapter is a visit to the technique of open donor 
nephrectomy, a procedure that has served us and our patients well for decades.

When considering the adoption of a donor nephrectomy technique, there are 
common variables to consider: treatment goals (safety for the donor, anatomically 
useable kidney for the recipient, acceptable kidney function in donor and recipient), 
financial goals (cost-effective for the healthcare system and the medical center, 
early return to work for the donor), marketing advantage (for surgeon and medical 
center), and learning and anxiety curves of the surgical team.

The living renal donor deserves a safe operation, and this book describes how to do it.

John M. Barry, MD
Professor of Urology and Surgery 

Division of Abdominal Organ Transplantation
The Oregon Health & Science University

Portland, Oregon
USA
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Preface

Primum non nocere which means “first do no harm” aptly describes the principles and 
practice of donor nephrectomy. The past decade has seen great interest in development 
of the technique of laparoscopic donor nephrectomy (LDN) across the globe. LDN is a 
unique operation as the surgeon operates in a pristine milieu on an individual who in 
fact is not a patient but an individual donating from an altruistic motive. It is also 
unique as it is a “zero-error” operation because the graft, the donor, and the recipient 
safety are simultaneously at stake. The procedure is not only of interest to the treating 
physician such as urologists, general surgeons, and transplant surgeons but also the 
anesthesiologist and the medical social workers. Laparoscopic donor nephrectomy can 
be performed via the retroperitoneal or transperitoneal approach. The “new kids” on 
the block are single-port surgery also known as SILS (single-incision laparoscopic sur-
gery) or LESS (laparoendoscopic single-site surgery). Robot-assisted laparoscopic 
donor nephrectomy has recently been performed at few centers and is in evolution.

We embarked on this project keeping this in mind and with the intent to emphasize 
on the technique of LDN. In this volume, we emphasize on the technique of laparo-
scopic donor nephrectomy in a stepwise manner which includes details of intricacies 
such as port positioning, steps of dissection, securing the hilum, and retrieval. We focus 
on the literature support for this procedure. The nontechnical issues which include spe-
cifics on donor workup and legal and social aspects will also be dealt in this volume.

The aim of this book is fourfold:

 1. Allude to screening and selection of living related donors.
 2. Plan a “step-by-step” surgical approach to live donor nephrectomy.
 3. Intraoperative management of a living related donor.
 4. Understand various approaches to the operation, which include standard laparos-

copy, LESS donor nephrectomy, and robotic donor nephrectomy.

A lot of efforts have gone in from all the authors to make sure that the book sees 
the light of the day. We thank Springer and in particular Mr. Naren Agarwal and Mr. 
Pandian for making us succeed in this endeavor.

 Arvind P. Ganpule
  Mahesh R. Desai 
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1The Evolution of Laparoscopic Donor 
Nephrectomy: Has It Now Become the 
Gold Standard?

Sameer M. Deshmukh and Inderbir S. Gill

Abstract
Renal transplantation is the preferred treatment for end stage renal disease 
(ESRD). Outcomes after transplantation of a kidney from a living donor are 
superior to those of organs obtained from deceased donors. Traditionally per-
formed by means of an open incision, the last two decades have seen rapid and 
widespread adoption of laparoscopic donor nephrectomy (LDN), with tech-
niques that continue to evolve and improve. Because LDN delivers donor safety 
and efficiency, offers excellent allograft function, is preferred by donors, poten-
tially increases the live-donor pool, and since it is now the dominant form of 
live-donor surgery, a legitimate question can now be asked as to whether or not 
LDN has become the “gold standard” for living kidney donation.

1.1 Introduction

Renal transplantation is the preferred treatment for end stage renal disease (ESRD). 
Outcomes after transplantation of a kidney from a living donor are superior to those of 
organs obtained from deceased donors. Traditionally performed by means of an open 
incision, the last two decades have seen rapid and widespread adoption of laparoscopic 
donor nephrectomy (LDN), with techniques that continue to evolve and improve. 
Because LDN delivers donor safety and efficiency, offers excellent allograft function, 
is preferred by donors, potentially increases the live-donor pool, and since it is now the 
dominant form of live-donor surgery, a legitimate question can now be asked as to 
whether or not LDN has become the “gold standard” for living kidney donation.

S.M. Deshmukh • I.S. Gill (*)
USC Institute of Urology, Keck School of Medicine, University of Southern California,  
Los Angeles, CA, USA
e-mail: gillindy@gmail.com
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Donor nephrectomy is a unique surgical procedure because it is performed on a 
healthy individual who is undergoing the procedure for altruistic motives. Because 
of this, the operation is truly a high-stakes endeavor with little to no room for error. 
The safety of the donor, the graft, and the recipient are all paramount and must be 
taken into consideration when considering any procedural deviation from the stan-
dard of care. For the ESRD patient, what is clearly known and documented in the 
literature are that (1) transplantation is better than dialysis and (2) living-donor 
organs are preferable to cadaveric organs.

At most centers of excellence worldwide, increasingly, donor nephrectomy is 
now performed laparoscopically, with traditional (open) donor nephrectomy now 
performed less commonly. In the United Kingdom, 6% of live-donor nephrectomies 
were performed laparoscopically in 2000; by 2011, this had increased to 90% [1]. 
This trend parallels data from the United States, where 49% of living-donor nephrec-
tomies were performed laparoscopically in 2000, which has increased to >95% in 
2016. As such, the laparoscopic technique can legitimately lay claim to now becom-
ing the preferred option around the world.

1.2 What Comprises a “Gold Standard” in Medicine?

The term “gold standard” as used today in medicine was taken from its original use 
in finance. As stated by Jurgen, “a gold standard in its true meaning, derived from 
the monetary gold standard, merely denotes the best tool available at that time to 
compare different measures.” This term should not be confused with a golden stan-
dard, as no suggestion is made that the test or procedure being evaluated is perfect; 
all that is implied is that it is a time-honored alternative that is considered to be the 
current standard of care or best available test/technique in a given field [2]. Gold-
standard tests and procedures are not static, and the gold standard of today will 
someday be replaced by better and more efficient options in the future. As elo-
quently stated by Versi: “It is the absolute truth that is never reached; gold standards 
are constantly challenged and superseded when appropriate” [3].

1.3  History of Donor Nephrectomy for Renal 
Transplantation

The history of renal transplantation dates back to 1945, when the first cadaveric 
renal transplantation was performed, followed in 1953 by the first living-related 
renal transplantation [4].

The first successful living-related donor kidney transplant was performed in 
identical twins in Boston, Massachusetts, in 1954 [5]. During the subsequent 
40-year period (1954–1995), living-donor nephrectomy was performed with the 
open technique through a large flank incision. Drawbacks of the open technique 
include but are not limited to postoperative pain requiring analgesic medications, 
wound complications including flank hernia, and pneumothorax necessitating tube 
thoracostomy as well as a prolonged hospital stay and time to full recovery.

S.M. Deshmukh and I.S. Gill
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After this 40-year period, significant developments were made in the 1990s. 
Clayman performed the first laparoscopic nephrectomy in 1990 [6]. Gill  
and colleagues were the first to show that laparoscopic donor nephrectomy 
could be performed in a porcine model [7]. Then, in 1995, Ratner performed  
the first laparoscopic living-donor nephrectomy in a 40-year-old donor; warm 
ischemia time (WIT) was less than 5 min and the allograft immediately   
produced urine, with a recipient serum creatinine of 0.7 mg/dL [8]. Laparoscopic 
living-donor nephrectomy has evolved and been refined tremendously since 
that time.

1.4  Kidney Transplant Waiting Lists and the Push to 
Increase Organ Donation

As of this writing, in 2016, 99,886 candidates are currently on the kidney transplant 
waiting list, the most of any currently transplanted organ [9]. This waiting list has 
grown significantly since 2001, when 47,830 patients were waiting for an organ. In 
2015, there were 17,878 kidney transplants in the United States, of which 5628 were 
living-donor transplants. While the number of total kidney transplants continues to 
increase, the number of living-donor transplants has remained relatively static for at 
least the last 5 years. Deceased donor transplants outnumbered living-donor trans-
plants by a ratio of 2.5:1 in 2015. This underscores the need to continue efforts to 
promote living kidney donation, as numerous previous studies have documented the 
overall quality of a kidney from a live donor is indeed far superior to a cadaveric 
organ.

Over the past 15 years, during which we have seen an almost doubling of the 
kidney transplant waiting list, there has also been a significant increase in the pro-
portion of patients older than 50 years of age listed for renal transplantation. 
Numerous studies over the years have shown that living-donor transplants are asso-
ciated with better short- and long-term kidney function, as well as with fewer tech-
nical graft failures than cadaveric donation. Because of this, over time many 
different strategies have been employed to increase the number of living kidney 
donors [10]. These include ABO-incompatible transplants with and without sple-
nectomy, emotionally related donation, cross-over transplantation, genetically unre-
lated donation, and transplantation of somewhat abnormal kidneys. Laparoscopic 
donor nephrectomy represents another major effort to increase the overall pool of 
live donors by making kidney donation and its associated recovery period a more 
palatable experience for the donor.

1.5  Laparoscopic Donor Nephrectomy Is Being Performed 
in the Vast Majority of Cases

Laparoscopic donor nephrectomy has been widely adopted since its develop-
ment, and as a matter of practicality, it is already being performed in the vast 
majority of living-donor nephrectomies in current times. In a review matching 
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integrated US transplant registry data with administrative records from an aca-
demic hospital consortium of 97 centers from 2008 to 2012, the authors identi-
fied 14,964 living kidney donations of which 93.8% were performed 
laparoscopically; of these, 2.4% were performed with robotic assistance, and 
only 3.7% were planned open procedures [11]. In this series, 16.8% of all 
patients had any complication, but only 2.5% of these complications were 
Clavien grade 4 or higher. Correlates of Clavien grade 4 or higher complications 
were African American race, obesity, preexisting hematologic or psychiatric ill-
ness, and robotic nephrectomy. Annual center volume higher than 50 cases per 
year was protective. These data attest to the fact that laparoscopic donor 
nephrectomy now comprises over 90% of all live-donor nephrectomies at aca-
demic medical centers in the modern era.

1.6  Has the Laparoscopic Technique Led to an Increase in 
the Number of Donors?

Laparoscopic kidney donation has been shown to result in less postoperative pain, 
quicker recovery, and better cosmetic outcomes. Taken together, these improve-
ments over open surgery (with its associated larger incision) make LDN a more 
palatable option to the donor, which may lessen some of the disincentives to kidney 
donation.

Laparoscopic nephrectomy for T1 and T2 renal tumors has been widely accepted 
as the gold standard for at least 10 years [12]. Whether or not this standard can be 
applied to living kidney donation has not been widely agreed upon at least to this 
point. Indeed, even publications as recent as 2010 indicate that “there is no strong 
evidence that LLDN is better than OLDN” [13]. As such, universal consensus yet 
remains to be achieved on this issue.

Laparoscopic donor nephrectomy may be more attractive to potential kidney 
donors, who by definition are otherwise healthy and are altruistically incurring the 
risks of surgery and anesthesia for the benefit of the organ recipient. As expected, 
recovery is quicker and postoperative pain lesser in patients undergoing LDN as 
compared to open surgery. In one study, the duration of postoperative analgesic 
requirement was 7 days after LDN vs. 30 days after ODN [14]. Additionally, LDN 
patients required significantly lesser amounts of parenteral analgesics, with LDN 
patients requiring total morphine doses of 36–88 mg vs. 60–265 mg in ODN 
patients. Ratner et al. showed that the hospital stay was lesser following LDN at 3.3 
vs. 4.7 days in ODN patients, and time to return to work was 11–36 days vs. 
39–83 days in the two groups, respectively.

In a randomized study seeking to determine the effects of LDN vs. ODN on 
health-related quality of life, donors undergoing LDN reported less bodily pain in 
the first 6 weeks postdonation, and this was associated with an improved mental 
health component of quality of life compared with ODN (51.9 ± 7.2 vs. 45.3 ± 10.1; 
p = 0.0009) [15].

S.M. Deshmukh and I.S. Gill
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1.7  What Are the Differences in Postoperative Graft 
Function Between LDN and ODN?

Ultimately, graft function can be considered the most important factor in determin-
ing whether or not laparoscopic live-donor nephrectomy can be considered to have 
replaced open donor nephrectomy as the “gold-standard” procedure. The first ran-
domized clinical trial comparing these two surgical approaches showed no differ-
ence in the serum creatinine level between laparoscopic and open donor nephrectomy 
grafts at 3 days, 30 days, and 3 months after kidney transplantation [16]. Warm 
ischemia time was significantly longer in the LDN group (6.6 min vs. 2.09 min), but 
the long-term graft function was not affected.

At 6 months follow-up, there was no significant difference in the serum creati-
nine (1.64 mg/dl in the laparoscopic group vs. 1.48 mg/dl in the open group). 
Laparoscopic and open donor nephrectomies have also been compared in patients 
with multiple renal arteries, and again postoperative serum creatinine levels and 
graft survival rates were equivalent [17, 18]. Similarly, postoperative serum creati-
nine was similar among open, pure laparoscopic, and hand-assisted laparoscopic 
donor nephrectomies [19]. Overall, regardless of which technique is employed for 
donor nephrectomy, there is a 5–10% incidence of delayed graft function. However, 
numerous studies have demonstrated that the laparoscopic approach is not a risk 
factor for this baseline rate of delayed graft function.

Less is known about long-term graft performance after procurement via the lapa-
roscopic technique. A large study utilized the OPTN database to assess 5532 
patients, comprised of 2685 (49%) laparoscopic vs. 2847 (51%) open living-donor 
renal transplant recipients reported to the Organ Procurement and Transplantation 
Network between November 1999 and December 2000 [20]. Follow-up data were 
available through February 2006 (60+ months). At discharge and at 5 years, graft 
function was similar for both groups; graft survival at 5 years was 79% in the lapa-
roscopic cohort vs. 80% in the open cohort (P = NS). Acute and chronic rejection 
accounted for 152 laparoscopic (51%) vs. 148 (46%) open graft losses (P = NS). 
These long-term data are certainly encouraging as LDN has widely overtaken ODN 
in the number of living-donor nephrectomies performed today.

1.8  Are There Potential Added Risks/Drawbacks of LDN for 
Donors?

It has been stated that surgeons need the skills used in open live-donor nephrectomy, 
a fundamental understanding of laparoscopy, and prior experience with laparo-
scopic partial and radical nephrectomies to perform LDN safely [21]. In multiple 
studies, the renal warm ischemia time has been shown to be consistently higher in 
LDN but does not correlate with incidence of delayed graft function, acute rejec-
tion, or allograft or recipient survival. As regards potential morbidity to the donor, 
blood loss and postoperative transfusion requirements have been similar between 

1 The Evolution of Laparoscopic Donor Nephrectomy: Has It Now Become the Gold…
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laparoscopic and open live kidney donation. Operative time for LDN is longer than 
ODN but decreases with learning curve. The rate of open conversion has ranged 
from 0 to 13% in several studies [10] with the most common indication being intra-
operative bleeding or vascular injury (65%), followed by less common reasons such 
as difficult exposure, patient obesity, stapler malfunction, and loss of pneumoperi-
toneum. Several other LDN series have reported far lower rates of open conversion, 
at 1–2%.

A large retrospective study reviewed 1045 patients who underwent LDN over a 
10-year period from 1999 to 2009 [22]. The authors specifically compared out-
comes of the first 250 patients (when LDN was offered to a selective group of 
patients) to the subsequent 795 patients (when LDN was offered to all medically 
acceptable donors). Overall operative times significantly improved (212 vs. 
176 min), overall complication rates did not change (6.4% vs. 5.5%), and major 
complication rates significantly declined (4.0% vs. 1.4%). Among the last 795 
patients, 1 conversion to open surgery and 1 blood transfusion occurred. There was 
no mortality. Additionally, no differences in overall or major complication rates 
were seen when cases involving 200 right-sided nephrectomies, 204 donors with 
complex renal anatomy, and 148 obese donors were analyzed independently. The 
authors noted that only one planned open donor nephrectomy has been performed 
at their institution since 2003 (in a donor with a pelvic kidney with complex vascu-
lature), and they indicated that LDN can be offered to all donors, given the presence 
of an experienced surgical team.

In a meta-analysis assessing the safety of LDN compared to ODN, relevant stud-
ies were found by searching Cochrane CENTRAL, PubMed, and EMBASE data-
bases as of October 2011 [23]. Compared with ODN, LDN resulted in a shorter 
hospital stay (days; mean difference [MD]: −1.27, p < .00001), quicker return to 
work (days; MD: −16.35, p < .00001), and less blood loss (ml; MD: −101.23; 
p = 0.0001) without an increase in donor intra- and postoperative complications or 
compromise of recipient graft function. Hand-assisted laparoscopic donor nephrec-
tomy (HLDN) had a shorter warm ischemia time (minutes) than standard LDN 
(MD: −1.02, p < .00001). However, length of hospital stay significantly favored 
standard LDN compared with hand-assisted LDN (days; MD: 0.33, p < .005), but 
operative times, intraoperative blood loss, and donor postoperative complications 
were not significantly different between the two procedures. Finally, donor postop-
erative quality of life was improved compared to ODN, with both physical function-
ing and bodily pain scores favoring LDN over ODN.

1.9 What Are the Contraindications to LDN?

Contraindications to LDN are relative and are quite similar to those for most other 
laparoscopic procedures. These include patients with potentially hostile or frozen 
peritoneal cavities due to multiple prior surgeries with adhesions. Vascular anoma-
lies are no longer a contraindication to LDN as the procedure has been shown to be 
safe in this setting in multiple studies [10, 17, 18]. Similarly, obesity is also no 
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longer a contraindication, though any major surgical procedure may carry more risk 
in the obese patient [24].

Donor age, importantly, is not considered a contraindication to LDN at this 
time. In a study, donors older than 70 years of age (n = 28) were compared with 
donors less than 55 years of age (n = 28) after matching the two groups for sex, 
date of surgery, BMI, and immunological features [25]. There was no difference in 
estimated blood loss, operative time, or cold ischemia time. Mean length of hospi-
tal stay was also similar, and there were no complications in either group. Early 
and intermediate recipient serum creatinine levels were similar between the two 
groups (up to 25 months of follow-up). The authors concluded that LDN can be 
performed safely in elderly donors without concern for early- or intermediate-term 
graft function. This could represent another potential avenue to increase the exist-
ing donor pool.

1.10 How Has LDN Evolved Since Its Inception in the 1990s?

Since its introduction in 1995, outcomes of LDN have seen tremendous progress 
and improvement. These include reductions in vascular and ureteric complications. 
Initial contraindications for laparoscopic live donation are no longer considered to 
be so; these include right-sided kidney donation, multiple renal arteries, and obesity. 
Additionally, several studies have shown no difference in blood loss, ureteral com-
plications, cost-effectiveness, graft function, and early rejection. As mentioned, the 
slightly longer operative time and warm ischemia time seen in LDN have not trans-
lated into poorer graft function.

In the initial experiences, the rate of ureteric complications was higher with LDN 
compared to ODN, but this has improved with refinement of laparoscopic tech-
nique. Ratner et al. described a 9.1% incidence of ureteral complications in the first 
110 cases, which decreased to 3% in the last 100 cases [17]. In another study com-
paring 122 LDNs vs. 77 ODNs, ureteral complication rates were similar between 
the two groups (6.5% vs. 4.1%, respectively; p = 0.51) [26].

Data from a large retrospective analysis of prospectively collected data on all 
consecutive pure LDN surgeries performed at a tertiary academic medical center 
(n = 1325) between March 2000 and October 2013 show several trends over this 
13-year period [27]. Over time, LDN was performed on older patients (mean of 
35.7 years in 2000 to 41.2 years in 2013 (p < .001)), and blood loss decreased over 
time (75 mL in 2000 to 21.6 mL in 2013) (p < .001). However, other variables such 
as BMI, operative time, and length of stay remained similar over this period. 
Interestingly, the authors noted that O.R. time, blood loss, surgeon, year of proce-
dure, laterality, BMI, age, and gender did not significantly predict complications. 
Additionally, there was no significant difference for Clavien complication rates 
between the early learning period (first 150 cases) and the rest of the series. The 
authors concluded that with refinements in technique, the overall complication 
rates for LDN remained low over this time period, despite progressively older 
patient age.

1 The Evolution of Laparoscopic Donor Nephrectomy: Has It Now Become the Gold…
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This group also retrospectively analyzed prospectively collected data for 1204 
consecutive LDNs performed from 2000 to 2012 at a single institution [28]. 
Overall, 8.2% of LDNs experienced complications, and by modified Clavien clas-
sification, 74 (5.9%) were grade 1, 13 (1.1%) were grade 2a, 10 (0.8%) were grade 
2b, and 2 (0.2%) were grade 2c; there were no grade 3 or 4 complications. Using 
multivariable regression, the authors found that ≥3 renal arteries and late renal 
vein confluence reached statistical significance and were associated with more 
complications. They concluded that while not a contraindication to LDN, sur-
geons should carefully weigh the risks of complex vascular anatomy in their deci-
sion to perform LDN.

1.11 Hand-Assisted LDN Versus Pure LDN Versus ODN?

In comparison to pure LDN, the hand-assisted LDN procedure may confer some 
advantages including shorter total operative time, shorter warm ischemia time, 
likely due to more rapid graft retrieval. Disadvantages of hand-assisted LDN 
include delayed recovery of GI function, longer convalescence, and less optimal 
cosmetic results. El-Galley and colleagues compared hand-assisted LDN with 
pure LDN, finding no difference in complications, graft function, or early and late 
recovery [19].

A large review in 2010 identified 57 comparative studies of open, laparoscopic, 
and hand-assisted laparoscopic donor nephrectomy and their reported outcomes. 
LDN was superior to ODN in terms of blood loss, pain as measured by analgesic 
requirement, duration of hospital stay, and convalescence. Postoperative graft func-
tion was not significantly different among the three types of donor nephrectomies. 
The authors concluded that “all three techniques of live-donor nephrectomy are 
standard of care” [29].

1.12 Robotic LDN Versus Pure LDN?

With recent advances in and more widespread adoption of robotic surgery, live-
donor nephrectomy is also being performed robotically in a number of centers 
worldwide. While large trials comparing robotic donor nephrectomy (RDN) and 
LDN are lacking, a recent prospective controlled trial randomly assigned 45 kidney 
donors to RDN and LDN groups in a 1:2 ratio; there were 27 right-sided and 18 
left-sided kidneys [30]. Primary endpoints were donor visual analogue scale (VAS) 
pain scores, analgesic requirement, and hospital stay. Secondary endpoints were 
donor intra- and postoperative parameters, graft outcomes, and donor surgeon’s dif-
ficulty scores.

There were no intraoperative complications in either group. VAS pain scores at 
6, 24, and 48 h; analgesic requirements; and hospital stay were less in RDN than in 
LDN. Longer graft arterial length could be preserved with the robotic approach on 
the right side but not on the left. The RDN group required more number of ports, 
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longer warm ischemia time (WIT), and longer graft retrieval time. Total operative 
time, hemoglobin drop, postoperative donor complications, and recipient eGFR 
(estimated glomerular filtration rate) at 9 months were similar in both groups.

The authors concluded that RDN is safe and may be associated with a better 
morbidity profile than LDN. Clearly, larger trials are needed to confirm these find-
ings, but the study represents an important step in the continued evolution of living-
donor nephrectomy surgery.

1.13  What Is the Evidence that LDN Can Now Be Considered 
the “Gold Standard” for Live Kidney Donation?

In 2011, in the Cochrane Database of Systematic Reviews, the authors searched 
the online databases CENTRAL (in The Cochrane Library 2010, Issue 2), 
MEDLINE (January 1966 to January 2010), and EMBASE (January 1980 to 
January 2010) and hand-searched textbooks and reference lists for all random-
ized controlled trials comparing LDN with ODN [31]. Overall, 6 studies were 
identified that had randomized 596 live kidney donors to either LDN or ODN. 
The conversion rate from LDN to ODN ranged from 1.0 to 1.8%. LDN was gen-
erally found to be associated with reduced use of pain medication, shorter hospi-
tal stay, and faster return to normal physical functioning. LDN had a longer 
operative time and longer warm ischemia time than ODN (range, 2–17 min), 
with no associated short-term consequences.

LDN and ODN were similar for perioperative complications, need for reopera-
tion, early graft loss, delayed graft function, acute rejection, ureteric complications, 
kidney function at 1 year, or graft loss at 1 year. The authors concluded that LDN is 
associated with less pain than ODN, and that the overall complication rate and pro-
file are similar.

1.14 Cost of LDN Versus ODN

Mullins and colleagues retrospectively compared Medicare expenditures among 
LDN, ODN, cadaveric renal transplantation, and continued dialysis [32]. They 
assessed charges for patients with ESRD using both institutional and physician/
supplier charges from the United States Renal Data System. Subjects were classi-
fied as laparoscopic living-donor transplant, living-donor transplant (open donor 
nephrectomy), cadaveric transplant, or dialysis patients. Monthly charges were 
plotted from 12 months before and up to 48 months after the index date (i.e., date 
of first treatment). There were 230,769 dialysis patients and 44,063 transplant 
patients (181 laparoscopic living-donor, 11,466 open living-donor, and 32,416 
cadaveric renal transplantations). Twelve months prior to the index date, institu-
tional charges were similar between the groups. In the month after the index date, 
charges were higher for transplantation and then lower in subsequent periods. 
Two years after the index date, monthly institutional charges were similar for the 
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open living-donor ($191,374) and laparoscopic living-donor ($192,053) trans-
plant patients, followed by the cadaveric transplant ($229,449) and dialysis 
($250,348) patients. Physician/supplier charges were highest for laparoscopic 
living-donor transplant ($104,583), followed by dialysis ($73,730), cadaveric 
transplant ($70,369), and open living-donor transplant ($65,897). The authors 
also noted that the break-even points for the open living-donor, laparoscopic liv-
ing-donor, and cadaveric transplant patients compared with the dialysis patients 
were 10, 14, and 18 months, respectively.

It is clear that both laparoscopic and open donor nephrectomy confer cost sav-
ings over cadaveric transplantation and dialysis [32]. Ultimately, the major deter-
minants of a cost difference between LDN and ODN boil down to the cost of 
surgical equipment (higher for LDN) vs. the cost of the subsequent hospital stay 
(higher for ODN). Wolf and colleagues in 2000 showed a higher cost for LDN in 
their series (overall cost was 73% greater) but after including loss-of-work income 
due to open surgery and lower hospital costs due to a shorter stay, there was no 
longer a statistically significant difference in cost (p = 0.10) [33]. Clearly, addi-
tional studies evaluating costs are necessary, but it seems safe to say that LDN 
results in higher costs for surgical supplies during the operation, yet results in cost 
savings due to the reduced hospital stay and the donor’s subsequent hastened return 
to the workforce.

Conclusion

Laparoscopic donor nephrectomy has been widely and rapidly adopted since its 
inception in the mid-1990s. Surgical outcomes have steadily improved over time, 
with a dramatic reduction in both vascular and ureteral complications over the 
past 20 years. As experience has increased, former contraindications to LDN 
(obesity, age, vascular anomalies, and right-sided donor kidney) no longer exist.

Over 95% of all living-donor nephrectomies in the United States are now 
performed laparoscopically, and thus it appears as a matter of practicality that 
LDN has already replaced ODN as the standard of care. LDN is more appealing 
to potential donors due to less postoperative pain, improved cosmesis, shorter 
hospital stay, and an overall quicker return to full daily activities and work. LDN 
and ODN are similar in terms of blood loss, ureteral complications, and early and 
late graft function. There is also no significant difference in cost-effectiveness 
between these two techniques. While large, prospective randomized trials with 
long follow-up are lacking (and will never be done), robust data are already at 
hand that attest to the wide acceptance of LDN.

Since LDN delivers donor safety and efficiency (decreased morbidity, 
improved cosmesis, quicker recovery to normal activities), since it delivers 
excellent allograft function, since it is preferred by donors, since it removes cer-
tain disincentives to live renal donation potentially increasing the live-donor 
pool, and since it is now the dominant form of live-donor surgery comprising 
approximately 95% of all donor nephrectomies, laparoscopic live-donor nephrec-
tomy has now largely replaced open surgery and assumed the mantle of the 
“gold-standard” procedure for living kidney donation.
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2Preoperative General and Urologic 
Evaluation for Laparoscopic Donor 
Nephrectomy

Oscar Rodriguez Faba and Alberto Breda

Abstract
Living donor kidney transplantation has become an important alternative to sup-
ply the shortage of renal donation. The preparation requires a preoperative gen-
eral and urologic evaluation of the donor and the recipient including medical, 
psychosocial and economic aspects. This process involves collaboration between 
multiple health care professions on the side of the donor and the recipient. A 
major concern to provide a safe procedure is the long-term impact of having a 
solitary kidney in terms of risk of developing hypertension, proteinuria, and 
chronic kidney disease. Recent evidence has demonstrated that survival of kid-
ney donors is similar to that of control subjects who were matched for age, gen-
der, and ethnicity. Overall these findings therefore indicate that the individual 
and the kidney life span are not adversely affected by kidney donation.

2.1  Introduction

A major concern for living donors is the long-term impact of having a solitary kid-
ney in terms of the attendant risk of developing hypertension, proteinuria, and 
chronic kidney disease. A recent study that followed 3,700 donors over a 12-year 
period demonstrated that survival of kidney donors was similar to that of control 
subjects who were matched for age, gender, and ethnicity. Overall these findings 
therefore indicate that the individual and the kidney life span are not adversely 
affected by kidney donation [1].

Different countries have different legal formalities for renal transplantation. In gen-
eral, careful donor evaluation is necessary to avoid excessive risk in the donor. Donor 
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nephrectomy can be performed by various approaches including traditional open sur-
gery or by more minimally invasive technique such as laparoscopy. Moreover, in 
terms of long-term function, live donor is better than cadaver transplantation. Living 
donation seems to be an appropriate alternative to cadaveric donation.

Non-maleficence must be considered a primary objective during living donor eval-
uation. The screening process should identify potentially acceptable donors, quantify 
the risk, and on this basis exclude unsuitable donors. A suitable candidate for living 
donation is usually seen 3 months before the surgery. The team should include a 
nephrologist, a urologist, a living donor coordinator, and a mental health expert.

2.2  Medical Evaluation Process

The medical evaluation process includes a complete medical history and physical exam-
ination, with emphasis on renal disease and family history of renal disease [2]. The 
process should also include laboratory testing to evaluate renal function and determine 
immunological compatibility, identification of transmissible infectious diseases, a com-
plete evaluation of renal anatomy with cross-sectional imaging, and assessment of age-
adjusted cancer screening [3, 4]. Comorbidities, including hypertension, diabetes, and 
cardio- and cerebrovascular disease, must be investigated and quantified. Multiple blood 
pressure readings should be taken and basic laboratory studies performed, including a 
complete blood count, metabolic and lipid quantification, urinalysis, and coagulation 
studies. A 24-h urine collection is important for creatinine clearance and proteinuria [5]. 
Patients with a history of renal stones should undergo metabolic testing for evaluation of 
risk of developing recurrent calculi. Further evaluation of diabetes in high-risk donors 
should include oral glucose tolerance testing and hemoglobin A1c measurement.

Assessment of the immunologic compatibility of the donor and the recipient requires 
determination of the donor and recipient ABO type and performance of a crossmatch to 
detect the presence of donor-specific antibodies in the recipient. Screening of recipients 
to determine their panel reactive antibodies and to assign specificities to antibodies, if 
detected, is routinely performed and is critical for interpreting the results of the cross-
match in equivocal cases or when the autologous crossmatch is positive (Table 2.1).

2.3  Contraindications

General contraindications to living donation are [6] (Table 2.2):

• The presence of vascular disease that precludes the arterial and venous anasto-
moses required for a technically successful transplant

• Recent or current malignancy
• Chronic illness with short life expectancy
• Active substance abuse
• Active infectious process
• Coronary artery disease
• Psychosocial factors that may hinder future adherence to medical treatment
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As per guidelines patients with previous malignancies can undergo renal trans-
plantation after a period of 2 years. It is not needed in cases of incidental renal car-
cinoma, in situ carcinoma, focal neoplasm low-grade bladder cancer, or basal cell 
skin cancer. A waiting time of more than 2 years is necessary in cases of melanoma, 
breast cancer, colorectal carcinoma, and uterine carcinoma [7].

Table 2.1 Evaluation tests

Laboratory tests (renal function/immunological compatibility)

Blood pressure

24-h urine collection to quantify creatinine clearance and measure proteinuria

Oral glucose tolerance test and HbA1C if indicated

Metabolic workup if previous renal stones

Donor ABO typing

Complete blood count with platelet count and differential

Measurement of transaminases

Lipid profile

Complete coagulation studies

Urinalysis and culture

Electrocardiograph

Chest x-ray

Crossmatch performed

Human leukocyte antigen (HLA) typing of the donor may be done

Clinical history and physical examination

Initial interview with specific focus on renal disease and family history of renal disease

Completion of a detailed health questionnaire

Donor education and completion of evaluation of consent

Detailed history and physical examinations by transplant nephrologists and surgeons

Multiple complete vital signs

Detailed evaluation by mental health expert

Interview with independent living donor advocate

Assessment for transmissible infectious disease

Human immunodeficiency virus, hepatitis B and C

Rapid plasma reagin

Testing for tuberculosis (TB) – TB skin testing or QuantiFERON-TB Gold

Testing for Strongyloides, Trypanosoma cruzi, and West Nile virus for donors from endemic areas

Evaluation of renal anatomy with cross-sectional imaging

Age-appropriate health screening, including cancer screening

Prostate-specific antigen (recommendations based on donor age and family history)

Gynecologic examination with Papanicolaou smear

Colonoscopy

Mammogram

Pregnancy test if indicated

Echocardiography and cardiac stress testing as indicated

Pulmonary function studies and computed tomography scanning of the chest as indicated
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2.4  Radiologic Evaluation

The optimal imaging modality remains a matter of debate. Angiography, the classic 
gold standard for defining renal anatomy, is now rarely used. Currently Computerized 
Tomography Angiography (CTA) or Magnetic Resonance Angiography (MRA) is 
used to evaluate the donor kidneys, define vascular anatomy, and assess donors for 
other abdominal anomalies or pathology [8]. These imaging modalities are particu-
larly important for assessing anatomic variations affecting the renal arteries, veins, or 
ureters (Fig. 2.1), which are an important consideration in determining the suitability 
of an individual for living kidney donation. In providing precise information on the 
anatomy of the renal vasculature and possible variants and diseases prior to surgery, 
CTA has reduced the risks and complications during and after renal transplantation, 
improving the likelihood of a successful outcome [10]. MRA is, however, considered 
equally accurate in defining renal anatomy and detecting incidental findings that may 
influence the decision about an individual’s suitability to be a living kidney donor. 
While MRA has the advantage of avoiding ionizing radiation and potentially 

Table 2.2 Contraindications

Absolute Relative

Age Less than 18 years Over 65 years (excluded in 
many programs)

Substance abuse Active substance abuse Abstinence from substance 
abuse with documented 
completion of rehabilitation

Hypertension Multiple agents or high doses of 
single agents for control
End-organ injury
Additional strong risk factors for 
cardiovascular disease

Borderline or control with 
single agents

Diabetes Diabetes mellitus Impaired glucose tolerance

Obesity Morbid obesity (BMI >35) or obesity 
(BMI >30) with comorbid conditions

Obesity

Renal disease Evidence of renal disease, including a 
reduced creatinine clearance (GFR 
<80 mL/min), proteinuria (>250 mg), 
or hematuria

Borderline creatinine 
clearance, microscopic 
hematuria

Renal stones Multiple or recurrent renal calculi of a 
metabolic condition that predisposes 
to the recurrence of renal calculi

Single renal stone

Infection HIV, hepatitis B, hepatitis C Hepatitis B core antibody

Cancer Cancer, either current or treated but at 
significant risk for recurrence

Cardiovascular 
disease

Coronary or peripheral vascular 
disease
Valvular heart disease

Renal anatomic 
abnormalities

Significant discrepancy in the kidney 
sizes

Vascular anomalies

O.R. Faba and A. Breda



17

nephrotoxic contrast agents, it is much less sensitive in detecting small renal or ure-
teral stones [9]. Ultimately the choice of imaging modality should probably be based 
on local imaging expertise and specific protocols.

All potential donors should have a chest x-ray.
Knowledge of the surgical techniques performed and the exclusion criteria allows 

radiologists to write an accurate radiological report. The radiological arterial report 
must include renal artery atherosclerosis, aneurysms, arteriovenous malformations 
and arteriovenous fistulas, dissection, thrombosis, and fibromuscular dysplasia.

The venous report should include the venous variants of the inferior vena cava 
(duplication, left location, etc.) and the renal veins (retroaortic, circumaortic) and 
the location, number, diameter, and variants of gonadal, adrenal, and lumbar veins 
(Fig. 2.2). A delayed topogram acquired in the excretory phase, delayed CT images, 
or conventional abdominal radiography must be performed to evaluate the collect-
ing system and ureters and screen for a possible duplication anomaly [11, 12].

2.5  Specific Medical Evaluations

Factors that most commonly contribute to the medical complexity of living kidney 
donors are age, obesity, hypertension, and psychosocial issues.

2.5.1  Age

There is a clear trend toward accepting older individuals as donors. Registry data 
indicate that between 2000 and 2009, the mean age of living kidney donors increased 

Fig. 2.1 The CTA gives us wealth of information on the arterial anatomy. It gives us an idea about 
the prehilar branching, the number of vessels, and the relation of splenic vessels to the upper pole
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from 39.6 to 41.3 years, while the percentage of living kidney donors in the 50- to 
64-year-old age range increased from 18.1 to 25%, and the percentage of donors 
between 18 and 34 years of age declined from 33.2 to 30.3% [13]. With respect to the 
impact of increasing donor age on potential complications, despite the intuitive sense 
that older living kidney donors might be at increased risk, several groups have 
reported that the perioperative risk is not increased in older living donors [14, 15].

2.5.2  Obesity

The rationale for excluding obese individuals from living kidney donation has less 
to do with the technical difficulties related to the surgery or perioperative risk and 
more to do with the long-term potential risks associated with a unilateral nephrec-
tomy in an obese individual. Extensive data suggest an association between obesity 
and kidney disease, particularly glomerular diseases. This risk may be increased or 
accelerated in obese individuals undergoing unilateral nephrectomy for indications 
other than kidney donation, as reflected by an increase in the prevalence of protein-
uria and a declining estimated glomerular filtration rate in individuals with a body 
mass index (BMI) >30 [16, 17]. Obesity is considered as a risk factor for many 
diseases including diabetes and hypertension, and IHD’s current guidelines have 
insufficient evidence to exclude patients based on BMI [18].

Fig. 2.2 The venous anatomy is also well delineated with the triple-phase contrast CTA. As 
depicted in this picture the relation of the renal vein with the adrenal vein and the lumbar vein is 
clearly seen. This is of strategic importance in surgical planning
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2.5.3  Hypertension

Traditionally people with history of hypertension were excluded as donors. So not 
much data is available on long-term outcome of donors with hypertension [19, 20]. 
Donors should have a blood pressure (BP) of less than 140/90 mm Hg measured on 
at least three occasions [21].

Donors with evidence of end-organ damage related to hypertension or poor con-
trol or other risk factors should be excluded [22].

2.5.4  Psychosocial Issues

The goals of the psychosocial evaluation are to identify behavioral, social, and/or 
financial issues that may influence compliance and outcomes after transplantation. 
Proven habitual medical noncompliance or insurmountable psychosocial barriers to 
posttransplant compliance are a relative contraindication to transplantation. Patients 
with history of alcohol or any other substance abuse need rehabilitation prior to 
transplantation. Some centers require patients to abstain from tobacco, particularly 
when they are known to have cardiovascular disease or to be at high risk (e.g., dia-
betics). Additionally, some centers consider marijuana use a contraindication to 
transplantation. Social workers and psychologists trained in the evaluation of trans-
plant candidates perform the psychosocial assessment, with referral for neuropsy-
chiatric assessment if needed. Patients must be able to demonstrate understanding 
of the potential risks and benefits of transplantation, the need for lifelong immuno-
suppressive therapy, and the need for compliance with medication and follow-up 
[23, 24]. Patients with severe cognitive impairment may be acceptable candidates 
for transplantation, provided that adequate caregiver support and supervised medi-
cation administration are guaranteed. Patients with mood, anxiety, or personality 
disorders should be referred to psychiatry for treatment in order to improve access 
to and success after transplantation.

2.6  Specific Urologic Evaluations

It is a rule that the best kidney is retained by the donor.

2.6.1  Choice of Kidney

In cases in which both kidneys have similar characteristics, the left kidney is 
removed since it has the longest renal vein, which facilitates implantation. Right 
nephrectomy has been associated with more complications, e.g., venous thrombo-
sis, a greater delay in functional recovery, and, in general, a higher incidence of 
implant loss due to technical difficulties during the vascular anastomosis. Recent 
studies indicate that in appropriate scenarios, right donor nephrectomy can be 
undertaken with minimal increased risk [25–27].
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2.6.2  Multiple Arteries

The choice of kidneys with multiple arteries has also been a controversial issue. We 
try to avoid transplantation of such kidneys in order to minimize the vascular and 
ureteral complications. However, many centers prefer to use the left kidney rather 
than the right kidney even if the left kidney has multiple arteries. Abnormalities 
such as circumaortic veins, retroaortic veins, early bifurcation of the renal artery, 
multiple veins, or large lumbar veins are not usually a problem for the donation. 
Although all the published studies include only a small number of patients with 
multiple arteries, globally the transplantation of such kidneys is considered to be 
feasible and safe. Only in two studies have kidneys with multiple arterial vessels 
been associated with more ureteral complications in the recipient, the increased risk 
being especially notable when a kidney with an accessory inferior pole artery is 
implanted [28–30].

 Conclusions

Although much has changed in living kidney donation, the primary goals of 
ensuring donor health and wellness while still affording recipients the benefit of 
living donor renal transplantation remain unchanged. The changing health status 
of the donor population together with the continued evolution of the processes 
and procedures of living donation provide new challenges that require that the 
transplant community continually reassess the risks of living kidney donation 
and develop new policies and procedures to safeguard living donors. Central to 
the process of minimizing the risk to living kidney donors is the thoroughness of 
the medical and psychosocial evaluation and the rigor of the process to ensure 
informed consent by the donor. To this end the donor evaluation process is 
increasingly complex as the medical, demographic, and psychosocial features of 
living donors change. Despite these challenges, the careful evaluation of poten-
tial living donors continues to provide patients who have end-stage renal disease 
with the benefits of living donor renal transplantation while simultaneously 
exposing the donor to low risks.
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3Psychosocial and Legal Issues 
with Laparoscopic Donor Nephrectomy
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Abstract
Over the last five decades, kidney transplantation has evolved in both surgical 
and medical management. The kidney donor faces psychosocial stressors during 
the decision-making process such as during evaluation, donor nephrectomy, post 
donation follow-ups, and worries about transplant outcome for recipient and own 
well-being. This article discusses the psychosocial and legal impact of laparo-
scopic nephrectomy to help the kidney donor and transplant team to understand 
better the psychological risk profile and legal requirements of the process of live 
kidney donation.

3.1  Introduction

Success of live donor kidney transplantation program depends on kidney donor 
safety. The kidney donor goes through a major surgery performed with altruistic 
motive. A lot of research and technological advances are constantly focusing on less 
and less harm to healthy kidney donor and improving their quality of life (QOL) in 
immediate perioperative period. Quality of life is affected by an individual’s physi-
cal health, psychological state, personal beliefs, and social benefits [1]. Once 
selected after extensive investigations, pre- and postoperative care of the donor is of 
high priority for the kidney transplant management team. Living kidney donation 
results in significant psychosocial issues for the donor and his family. The psycho-
social assessment aims in finding out psychosocial risk factors, such as mental 
health issues, attitude toward kidney donation, interpersonal relationships among 
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the significant family member, and concern over body image. Legal issues are spe-
cific to each country and may vary from state to state. Transplant teams must adhere 
to the statutory requirements as specified by their country’s legal system.

3.2  Psychosocial Issues

Psychological well-being includes stress, depression, anxiety, emotion, and other 
psychiatric symptoms. Clemens et al. reviewed 51 English language studies where 
psychosocial function was assessed using questionnaires in ten or more donors after 
nephrectomy. Social function included donor’s perception of the quality of their 
personal relationships. Self-concept included donor’s feelings of self-esteem and 
sense of accomplishment. They reported that most kidney donors experience no 
change or a definite improvement in their psychosocial health after donation [1].

3.2.1  Anxiety

It has been noted that as soon as one comes to know about the need of kidney dona-
tion for the survival of a family member, some prospective donors are faced with 
anxiety, depression, and stresses. A study was conducted to explore the effect of 
social work counseling on kidney donor anxiety. A structured nephrology social 
work (NSW) intervention was provided to prospective live kidney donors. Anxiety 
was measured by a standardized psychological tool, namely, Comprehensive 
Anxiety Test (CA test). The results suggested that the counseling by a NSW during 
the kidney donation process lowers donor anxiety [2] as shown in Table 3.1.

Talking about live kidney donation and social worker intervention to discuss 
with the donors about their self-identified barriers leads to positive results for 
improved acceptance of the donor and the donor’s well-being. Counseling is the 
most effective form of professional support [3].

In a prospective study, Minz et al. reported that the anxiety trait and state scores 
were in normal range in postoperative period but were lower than the preoperative 
scores [4].

Table 3.1 Kidney donor anxiety scores

M SD t P

Phase I registration

Control group 37.2 10.6

Intervention group 33.4 10.5 1.39 0.08

Phase 2 pre-transplant

Control group 37.2 10.1

Intervention group 30.1 10.2 2.72 .004

Phase 3 posttransplant

Control group 37.1 9.2

Intervention group 29.8 11.1 2.78 0.003
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3.2.2  Mental Health Checklist and Ability to Donate 
Out of Free Will

Careful donor selection with appropriate pretransplantation psychiatric consulting 
allows those with normal life quality to donate without consequence to their physical 
or psychological status [5]. A mental health specialist should evaluate all prospective 
donors. Psychosocial evaluation aims in assessing competency, cognitive status, and 
capacity to comprehend information. The assessment is aimed at removing the risk 
for exploitation of donors by others for monetary or other gain. It provides knowl-
edge and understanding about donation risks and benefits of surgery, psychological 
functioning, motivations and expectations, the donor-recipient relationship, social 
support, and financial stability [6–11]. Majority of transplant programs consider 
active substance abuse/dependence or active mental health problems or instability to 
be absolute contraindications to the living donor surgery. Amsterdam Protocol rec-
ommends that donors with an alcohol abuse history stop drinking at least 1 month 
prior to surgery [12]. This should be considered minimum abstinence period, given 
heavy alcohol abuse can increase postoperative morbidity [13] and risk of acute renal 
failure [14]. All programs should advise potential donors to quit smoking and chew-
ing tobacco and inform them of their increased risks of cardiovascular disease, can-
cer, and possible kidney disease [15, 16]. Relative contraindications are history of 
poor adherence to health care recommendations [6], such donors should be coun-
seled for regular follow-up post donation to monitor health status.

3.2.3  Search for the Kidney Donor

When the patient is told about the diagnosis of end-stage chronic renal failure, many 
patients due to lack of education are unaware about the intricacies of the procedure. 
The patient and the family members are explained about his present medical condition 
and treatment alternatives. The patient and the family members need to have discus-
sions and counseling sessions with the treating doctor and the social worker. If the 
patient decides to undergo kidney transplantation, then the search for a donor within 
the family begins. The social worker calls a family meeting of the patient, potential 
donors, and other decision-making individuals within the family and their spouses. 
All family members are explained about kidney function and kidney donor selection 
and rejection criteria. The kidney donors are explained about (i) short-term surgical 
risks, especially the scar, catheter, and hospitalization; (ii) long-term risk of impaired 
renal function and hypertension; (iii) loss of time and money; (iv) availability of other 
treatment alternatives, like maintenance dialysis for the recipient; and (v) the risks and 
success and failure rates of the transplantation. After understanding these risks, all 
donors who are deemed suitable are medical worked up.

3.2.4  Decision to Donate

It’s the responsibility of the transplant team to know about the decision of kidney 
donation that it is taken voluntarily and without coercion and pressure from recipient 
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or any other individual. Minz et al. have reported that 4 (5.3%) donors out of 75 
donors were under pressure from family or recipient to donate. Two out of them per-
ceived negative impact on health, and one had loss of sleep, and the other was worried 
about having single kidney [4]. Some transplant programs exercise a “cooling off 
period” [6] or reflection period to ensure that they have adequate time to consider the 
information gathered during evaluation process. The allowance of time ensures that the 
potential donor does not take the decision of donating kidney in haste and has well 
thought over about the kidney donation. In a study of pediatric transplantations, donors 
and partners reported an independent decision-making process with no significant 
influences of partners, relatives, or hospital staff. There was high degree of decision-
making process in a live donor kidney transplant (LRKT). Majority of donors did not 
report negative medical or psychological consequences. The relationship between 
donor, partners, and recipient child improved after LRKT [17]. A positive psychosocial 
outcome is encouraged by the following factors: to safeguard against unwarranted 
coercion, information about realistic expectations to avoid depressive breakdowns, 
high stability and balanced mutual autonomy in the donor recipient relationship. In 
addition, information about possible medical and psychological problems helps to pre-
pare for their actual occurrence, awareness of coping strategies and available social 
support helps to alleviate critical periods after transplantation [18].

3.2.5  Motivational Status

It is noted that strong motivation helps the donor to endure the risk of donation pro-
cess and plays important role in preventing adverse psychological effect. It is also 
important to know the motivation for offering to donate out of altruism, love, and 
affection, as a duty or for any secondary gain. Smith et al. found that 97% of donors 
reaffirmed their decision about donating kidney, and <15% felt they were pressured 
to donate [19]. The weight of current evidence indicates that kidney donation has a 
favorable outcome for both the donor and the recipient, and the participation of 
living-related donors in kidney transplantation is widely accepted [20].

3.2.6  Ambivalence

Based on a narrative review, it is known that those individuals who are ambivalent 
about kidney donation are at risk for poor psychosocial outcomes after donation. 
Intervention is targeted to reduce this risk. Intervention structure and content draw 
on motivational interviewing principles in order to assist prospective donors to 
resolve ambivalence. Participants’ comments indicated that the intervention 
addressed their thoughts and concerns about the decisions to donate [21].

3.2.7  Family Dynamics and Relationships

Availability of social support of spouse or other significant family member, friends, 
and employer is essential to proceed with the kidney donation process. In the event 

S. Rajapurkar



27

of negative outcome or complication, emotional support from family and friends 
helps in coping. Whenever there is a search for a kidney donor within the family, it 
is said that there exists some amount of psychological pressure in some subtle form. 
In a study by Smith et al. 14.2% of the kidney donors did mention family pressure 
as one of the reasons for agreeing to donate their kidneys [19]. Among the family 
members, motivation to donate follows costs and gains factor. The greatest reward 
is said to be the feeling that you have helped somebody who has been critically ill 
to restore his life and health. It is noted that in most cases, the donors received a 
great deal of family praise and gratitude, both before and after for their humanitar-
ian act [22].

The psychological benefit like increase in self-esteem seems to persist even after 
the allograft (transplanted kidney) has failed. The kidney donation is also reported 
to improve the relationship with the donor during 12 years period after nephrectomy 
[19]. The studies of kidney donors have generally shown that they experience long- 
lasting positive feelings about their decision to donate regardless of the success of 
transplantation. Many donors are found to report an increased self-esteem and sense 
of worth. In addition, some donors report an indirect benefit from the improved 
health of the recipient. Long-term involving follow-up of 20–30 years after kidney 
donation showed that most donors have high quality of life with a boost in self- 
esteem and increased sense of well-being.

Living-related kidney donation is associated with generally positive donor- 
recipient relationship. It is also noted that living-related donors usually demonstrate 
sustained improved self-esteem and lowered levels of depressive mood posttrans-
plant [23]. In the study of 536 kidney donors done by Smith et al., the relationship 
between the donor and recipient was described as somewhat or substantially 
improved after surgery by 13.9% and 28.0% of the donors. If provided an opportu-
nity to reconsider, a majority of the donors stated that they would donate. Their 
responses were 91.5% definitely, 5.3% probably, 2.9% equivocal, and 0.4% unlikely 
to donate. These decisions were not related to the success of the graft or the extent 
of financial hardship created by donation [19].

3.2.8  Body Image

Open surgery was accompanied by long-term complications like mild to moderate 
incision pain and incisional hernia and a very visible scar leading to diminished 
body image. In a study, all donors experienced pain, anxiety, and inconvenience 
during open donor surgery [24]. However, in a study comparing donors who had 
different operations, the mean body image and cosmetic scores of both laparoscopic 
and open donors were high and similar [25].

Recently, donor surgery using laparoendoscopic single-site (LESS) donor 
nephrectomy has been developed for donor comfort and better cosmetics. A ran-
domized comparative study performed at our institute compared postoperative 
patient pain score and quality of life (QOL) of standard laparoscopic donor nephrec-
tomy (LDN) versus laparoendoscopic single-site (LESS) donor nephrectomy. This 
study showed that on a select group of donors, LESS patients show early relief of 
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pain with shorter hospital stay with similar complications rate and equivalent graft 
outcome [26]. Comparative studies with open donor nephrectomy have shown that 
laparoscopic donor nephrectomy removes some of the disincentives to live donation 
with shorter hospital stay and faster return to work, without compromising the out-
come of the recipient graft function [26].

3.2.9  Marriage and Kidney Donation

The strength of marriage is the mutual trust and understanding between the spouses. 
It is believed that illness in the family may cause stress on partners which may have 
an adverse effect on marriage. Kidney donation may add additional stress to already 
troubled marriages (especially if the donor’s spouse is opposed to the donation) 
[23]. Smith et al. (1986) have noted that out of 371 donors, 27 (7.1%) were divorced 
or separated at the time of follow-up, and 12 (44.4%) of these reported a failed mar-
riage within 1 year of donation. It is noted that a failed marriage occurred among the 
donors who were pressurized to donate by other family members [19]. The donors 
who were married and older than 51 years old had higher scores for posttraumatic 
growth (PTG) than donors who were not married or younger [27]. In my opinion 
based on counseling kidney donor families both pre- and postoperatively in over 
2,500 cases, I did not find any major marital discord postoperatively. This is prob-
ably a result of sociocultural factors, extensive preoperative counseling and taking 
informed consent of the donor’s spouse.

3.2.10  Impact on Employment, Finances

Kidney donation may impact on employment; an important concern is whether the 
employer will grant leave from work till the donor is completely recovered. Will the 
donor receive pay during investigations, operation, and post donation recovery period? 
It is important that the employer has knowledge and understanding about kidney 
donation. More significant factor being under what circumstances he/she is donating 
kidney. The employer’s positive attitude will help during the convalescence and peri-
odic check-ups lifelong. The support of employer is crucial in lessening financial bur-
den if any. Laparoscopic donor nephrectomy gives kidney donor added advantage of 
less hospitalisations resuming normal activities and start of work sooner.

3.2.11  Special Issues Like Childbearing

Female donors will be advised to postpone carrying a baby (pregnancy) for a short 
time and in future if planning to have a child, she should be in touch with a consul-
tant nephrologist to assess the kidney function, during the course of pregnancy. 
Najarian et al. found donors to be perfectly normal; several had undergone normal 
pregnancies after donation [28].
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Post donation information and discussion with the kidney donor and his family 
members about several day-to-day activities such as exercise resumption and having 
normal sexual activity is necessary. The counseling is directed to alleviate fear and 
to encourage additional lifestyle modifications for better health, such as regular 
physical exercise, hobby pursuits, and the incorporation of meditation or prayer. 
Such counseling leads to improvement in total well-being.

3.2.12  Follow-Up

Smith et al. suggested that the relationship developed by the team with the donor 
rather than the instruments is the major factor in successfully addressing the 
psychosocial issues [32]. Andersen et al. performed the largest randomized qual-
ity of life study by assigning 122 donors to laparoscopic or open surgery. The 
first reports of this study evaluated donor safety, postoperative pain, and conva-
lescence and concluded that minor benefits at 12 months were hard to prove [30]. 
A further study by the same group of the donor’s subjective assessment and 
research performed long- term comparison of health status and overall quality of 
life at 1, 6, and 12 months after surgery. There were no long-term differences in 
SF-36 scores between the groups [30]. The Heidelberg consultation has proven 
useful for allowing open discussion about critical issues. Psychological support 
after transplantation seems to be indicated for monitoring with typical first-year 
problems [33]. Clinicians should look for possible psychological problems after 
donation and guide the tailoring of individual psychological interventions. In a 
study by Langenbach et al., they interviewed kidney donors to investigate the 
QOL of renal donors and their subjective evaluation of the donation during long-
term follow-up. The interviews were audiotaped, transcribed, and analyzed. 
Three main ideal types of donors were differentiated: the “happy helper,” the 
“ambivalent partner,” and the “hypochondriacal complainer.” The kidney donors 
wished for extended counseling after kidney donation [33]. Only a minority of 
living kidney donors suffer psychosocial morbidity. Better preparation for sur-
gery and mere consistent follow-up could decrease negative outcome further 
[34]. In living-related women kidney donors, quality of life (QOL) improves, and 
depression scores decline after kidney donation [35]. Living- related kidney 
donations did not affect the lives and psychological aspects of donors. Screening 
donors strictly, perfecting the medical care systems, intensifying follow-up and 
social support, and providing necessary psychological counseling should be fun-
damental prerequisites [36]. LDN has several short-term benefits, including a 
shorter hospital stay and a better quality of life at 1 month postoperatively and 
may be advocated for these reasons; however, long-term results on physical and 
psychological outcome are comparable between invasive muscle splitting and 
laparoscopic approach [29]. In another study by Perry et al., laparoscopy group 
had significantly less postoperative pain and required less time to return to nor-
mal functional activities than invasive muscle splitting group, showing higher 
quality of life scores [31].
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3.3  Legal Issues

In India, each living donor must also receive a thorough psychosocial assessment. 
These assessments can identify the psychosocial barriers to living donation, and the 
transplant teams can work with potential kidney donors to ameliorate such barriers. 
The Human Organ Transplantation Act 1994 stipulates hospitals registered for organ 
transplant/retrieval to appoint a transplant coordinator who is either a graduate in any 
recognized medical system or a nurse or a master in social work/psychology/public 
health and is qualified counselor and can encourage the next of kin of the deceased 
person to donate human organs and coordinate the process of transplantation. 
Schover et al. and Russel et al. have suggested that a transplant program should 
include a mental health professional who advocates safety of donors without being 
influenced by the plight of recipients [35].

3.3.1  Informed Consent Process

Transplant programs have documented consent process prior to donor surgery. 
Information about the evaluation, surgery risks, complications, and the follow-up 
care are commonly reported elements in the consent process; kidney donor should 
be aware that alternative treatments are available for the recipient [6]. Potential 
donors should also be made aware of the possible negative psychosocial outcomes 
reported in the previous literature, experiences including strain in family relation-
ships, impaired body image, depression and anxiety. Informed consent process 
should include education tailored to kidney donor’s level of health literacy and to be 
provided with additional materials to take home with them to review and discuss 
with their family members [37].

In addition, novel programs now facilitate the exchange of kidneys among 
incompatible donor-recipient pairs with excellent outcomes. Each transplant center 
is required to fulfill the legal procedures mandatory to be followed.

Information about the evaluation, surgery risks and complications, and follow-up 
care is the most commonly reported in the consent process.

3.3.2  The Human Organ Transplantation Act, 1994 (THOA-94)

The Government of India adopted The Human Organ Transplantation Act in 1994 
[38]. Each state has different set of rules and regulations to implement it. The gist of 
the law essentially is there should be no commercial dealings between the treating 
professional and also between recipient and kidney donors. The act has defined 
near-related donors; in 2011 paternal and maternal grandparents were included. It is 
the responsibility of the treating doctor to confirm the identity of the donor and 
recipient as well as their relationship. These facts and the informed consents have to 
be recorded in specific forms to be filled and countersigned by the head of the insti-
tution and have to be submitted to local- or state-based authorization committees. 

S. Rajapurkar



31

The Appropriate Authority in each state is responsible for forming rules and proce-
dures to be followed by transplant centers and to oversee all transplant activity in the 
state. Each Hospital Based Authorization Committee (HBAC) should consist of 
persons of high integrity, social status, and credibility or self-employed profession-
als like lawyers, chartered accountants, doctors, readers or professors, and renowned 
well-reputed personalities to be the members of this committee. The committee 
should have adequate representation of women. It should not have employees of the 
hospital where the transplant is to be performed. The recipient- donor pair along 
with their next of kin is to be interviewed by the HBAC for the approval of the trans-
plant. The committee checks the complete forms as stipulated by the act, verifies the 
identity proofs, and satisfies the no pressure, voluntary consent by the donor without 
financial transaction between recipient and kidney donor. The HBAC gives approval 
to the transplant team to do the transplantation. In cases where donor is not a near 
relative or a paired/swap/exchange transplant after interviewing and verifying the 
documents, the committee passes the resolution which is signed by two members of 
HBAC and countersigned by the chairman of HBAC and forwarded to the State 
Appropriate Authority for the final approval. Foreign national’s legal document file 
is sent to the respective embassy for “No Objection Certificate” (NOC); after receiv-
ing the NOC, the file is sent to the chairman of the State Appropriate Authority. The 
Appropriate Authority schedules the personal interview of the recipient, donor, and 
next of kin and gives the permission to undertake the transplant. In India some state 
Appropriate Authorities do not call foreign nationals for personal interview of 
recipient and kidney donor along with next of kin. In these cases form no. 21, sent 
by the respective embassy is considered valid for approval.

National Organ and Tissue Transplant Organization (NOTTO) is a national-level 
organization set up under Directorate General of Health Services and Ministry of 
Health and Family Welfare, Government of India. On 15 June 2015, all transplant 
centers were notified that as per THOA rules every hospital doing transplant/
retrieval of organ/tissue must be registered with the NOTTO, which is located in 
New Delhi. Manual regarding registration is available on NOTTO website, i.e., 
www.notto.nic.in.

3.4  Summary

Every kidney transplant team’s prime focus is the kidney donor and donor evalua-
tion; informed consent and ethical consideration are significant. Donors must be 
given accurate expectations about postoperative recovery. Every kidney donor 
should receive strong compassionate support during evaluation and pre-, and post-
operative period by interdisciplinary team members. The special role of donors is to 
be acknowledged by the transplant team on an ongoing basis [35]. The areas of 
concern such as hospital stay, out-of-pocket expenses, potential scarring, risk of 
immediate complication from procedures, and risk of kidney failure in the future are 
of foremost importance for the well-being of the kidney donor. Whenever a situa-
tion of adverse recipient outcome is noticed at any time frame early intervention and 
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counseling should be facilitated [39]. Kidney donors should have access to meet 
counsellor for psychological support & counseling services. All efforts are to be 
directed to prevent a negative quality of life post kidney donation.
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4Anaesthesia Concerns for Laparoscopic 
Donor Nephrectomy

Dinesh Prajapati, Deepak Mistry, Manoj Patel, 
and Ankush Jairath

Abstract
Anesthesia during laparoscopic donor nephrectomy remains the key component 
for success. The various aspects that the treating medical professionals should 
know in this regard are the details regarding the preanaethesia check up, intra-
operative management anaethesia related issues and the post-operative care. In 
this chapter these points are detailed.

4.1  Introduction

Kidney disease is recognized as a major health problem worldwide. There is a long 
waiting list for renal transplantation. However, the gap between the organ supply 
and demand has increased. The majority of chronic kidney disease (CKD) patients 
have to depend on the live-related kidney donor. Live-related donor is the potential 
source of organs for transplantation at an earlier stage of disease with minimal 
delay. The graft survival rate is higher in the live-related allograft recipient as com-
pared to recipients of cadaveric donor graft [1–4].
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Previously, donor nephrectomy was done by the traditional approach through a 
subcostal lateral incision, but it was completely replaced by a laparoscopic approach 
in last few decades. Melcher and colleagues reported 500 consecutive laparoscopic 
donor nephrectomies without the need to open or reoperate for technical difficulties 
[5]. The laparoscopic approach has its own advantages like decreased postoperative 
pain, reduced hospital stay, early recovery and good cosmetic results [6, 7].

4.2  Preoperative Assessment of Live-Related Kidney Donor

This has been discussed separately by other authors.

4.3  Intraoperative effects of laparoscopic donor 
nephrectomy

Intraoperative changes during laparoscopy are due to mechanical effect of pneumo-
peritoneum, position and absorption of CO2. Pneumoperitoneum raises intra- abdom-
inal pressure (IAP). Physiological changes are minimized if the intra-abdominal 
pressure is <15 mmHg. This value is monitored on insufflation’s equipment [8].

4.3.1  Physiological Effects Due to CO2 Pneumoperitoneum

 (a) Respiratory changes: Pneumoperitoneum can lead to upward diaphragmatic 
displacement, reduce lung volume and compliance, increase airway resistance, 
increase ventilation/perfusion (V/Q) mismatch, cause hypoxia/hypercarbia and 
increase risk of regurgitation. Increase in minute ventilation by 15–25 % offsets 
this problem. If surgery is prolonged, it is advisable to do arterial blood gas 
analysis to know the acidosis status of the patient [9–13].

 (b) Cardiovascular changes [8, 14–18]: Pneumoperitoneum can show biphasic 
changes in cardiac output, increased systemic vascular resistance, raised mean 
arterial pressure (MAP), compression of IVC and reduced venous return. To 
maintain the haemodynamic stability, patient should be preloaded with crystal-
loid fluid before pneumoperitoneum, and creation of pneumoperitoneum 
should be gradual. During creation of pneumoperitoneum, it leads to increase 
vagal tone, bradycardia and hypotension, which can be treated by injection 
atropine.

 (c) Renal effects [8, 19]: Pneumoperitoneum is also responsible for the reduction 
of renal blood flow, reduced glomerular filtration rate and reduced urine output. 
These are the unfavourable effects for the donor kidney. To counteract these 
effects, it is always better to keep MAP >100 mmHg and administer diuretics 
just prior to onset of pneumoperitoneum (intravenous injection of 10 mg 
frusemide). Urine output monitoring is also required every half hourly to moni-
tor the effect of pneumoperitoneum on renal function.
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 (d) The other effects of pneumoperitoneum are decreased mesenteric circulation, 
increased intracranial pressure, increased intraocular pressure [20] and fall in 
body temperature and should be taken into consideration.

 (e) Decreased venous return from lower limbs, decreased venous peak flow rate in 
the femoral vein, increased femoral venous pressure and reduced venous 
 pulsatility contribute to the development of venous thromboembolism (VTE) 
and deep-vein thrombosis (DVT). For all indications and all ages, reported inci-
dence of DVT is 50 per 100,000 patients. The incidence of DVT rarely occurs 
before 20 years, but the incidence increases with age. The incidence of DVT, in 
patients over 70 years, is 200 per 100,000 [21]. For urological laparoscopic 
procedures, postoperative VTE has been reported in 0.13–1.3 % [22, 23]. DVT 
and VTE are important preventable complications that put the patients at risk of 
pulmonary embolism, recurrent VTE and post-thrombotic syndrome [24]. 
Usually, urological laparoscopic surgery carries the minimal risk of VTE as per 
available data on literature. Among the many risk factors, age over-exceeding 
40 years, previous VTE, obesity, varices and oestrogen use are especially rele-
vant for surgical patients. Recently, the approach to the problem has become 
increasingly evidence-based, and some relevant medical professional societies 
worldwide have recommendation and clinical practice guidelines. According to 
their recommendation, there are four levels of risk emerged, and preventive 
strategies need to be applied [25]. As a policy, we ensure that early mobiliza-
tion, compression elastic stocking and sometimes low molecular weight hepa-
rin (LMWH) are the main tools for DVT prophylaxis.

4.3.2  Patient Positioning

Chapter on laproscopic left donor nephrectomy (Chap. 5) and open Donor 
nephrectomy (Chap. 13) describe the patient positioning.

4.4  Anaesthesia Management

Communication between all concerned (urologist, nephrologist and anaesthetist) is 
paramount.

Our aim during anaesthesia is to maintain normocapnia, to prevent the haemody-
namic and stress response due to pneumoperitoneum, to maintain adequate renal 
perfusion and urine output and finally to prevent postoperative complications.

4.4.1  Preoperative Anaesthetic Preparation

The donor is admitted 1 day prior to the procedure. An informed and written con-
sent is obtained. The night prior, intravenous cannulation is done for intravenous 
fluid, primarily crystalloids (normal saline (NS) or ringer lactate (RL)). They are 
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started at an infusion rate of 100 ml/hr during NBM hours. We start maintenance 
fluid, which will continue until we shift to the operation theatre. The donor is nil by 
mouth for at least 6–8 h. We give antibiotics and premedication half an hour before 
shifting in operating room.

Intravenous injection of 4 mcg/kg glycopyrrolate and 0.10 mg/kg ondansetron 
and intramuscular injection of 30 mg pentazocine are given 30 min prior to 
induction.

4.4.2  Intraoperative Management

• Monitoring:
 The temperature, electrocardiogram, pulse oximetry, noninvasive blood pressure 

monitor, end-tidal carbon dioxide and peripheral nerve stimulator are recom-
mended modalities of monitoring. Invasive monitoring like central venous pres-
sure and invasive blood pressure are optional and not required in all cases.

 Adequacy of ventilation during laparoscopic surgery is most commonly assessed 
by end-tidal carbon dioxide monitoring as a noninvasive substitute for partial 
pressure of carbon dioxide (PaCO2) in arterial blood.

 An airway pressure monitor, present on the ventilator of anaesthesia machine, is 
routinely used during intermittent positive-pressure ventilation. An activated 
high airway pressure alarm can aid detection of excessive elevation in IAP [26].

 The use of a Bispectral Index monitor, a possible monitor of the depth of anaes-
thesia, can help to reduce the occurrence of awareness. It can further assist in 
titrate intravenous and inhalation agents to fasten emergence and improved 
recovery [27, 28].

• General anaesthesia with balanced anaesthesia technique, including inhalation 
agents, intravenous induction agents and a variety of muscle relaxant, is the choice 
of anaesthesia.

• General anaesthesia with endotracheal intubation is the recommended approach 
to protect against pulmonary aspiration, aid ventilation and allow IPPV. IPPV is 
to overcome the respiratory effects of pneumoperitoneum and hypercarbia. Good 
muscle relaxation reduces the intra-abdominal pressure needed for adequate sur-
gical exposure.

• During preoxygenation: Excess stomach inflation from mask ventilation is to be 
avoided.

• Nasogastric tube: It deflates the stomach, reducing the risk of gastric injury dur-
ing trocar insertion, and improves surgical exposure.

• Urinary catheter to be used for lower abdominal procedures. This decompresses 
the bladder and reduces the risk of injury.

• Raised intra-abdominal pressure and systemic absorption of carbon dioxide will 
require increased minute volume and raised airway pressures (maintain normo-
carbia, ETCO2 near 35 mmHg).

• To watch for inadvertent endobronchial intubation during positioning and cre-
ation of pneumoperitoneum.
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• Opioids: Short-acting opioids, e.g. fentanyl, alfentanil and remifentanil, can be 
used intraoperatively to cover what can be an intense but short-lived stimulus.

• Nitrous oxide: Concerns regarding problems with bowel distension and postop-
erative nausea and vomiting (PONV) have not been substantiated [29].

• Volatiles: Halothane is avoided – sensitizes myocardium in presence of hyper-
carbia because of risk of arrhythmias. Isoflurane, sevoflurane and desflurane are 
preferred.

• Gas insufflations into peritoneal cavity with stretching of peritoneum and raised 
intra-abdominal pressure can cause a range of clinical responses.

Sympathetic responses can be ameliorated by increase in volatile agent concen-
tration, opioids (fentanyl, alfentanil, remifentanil), vasodilators (nitroglycerin drip, 
IV infusion or spray), beta-blockers (metoprolol) and A2 agonist (dexmedetomidine, 
clonidine).

• In case of intraoperative hypoxia, the following has to be considered:
 1. Hypoventilation – pneumoperitoneum, position, inadequate ventilation
 2. V/Q mismatch – atelectasis, endobronchial intubation, extraperitoneal gas insuf-

flations, bowel distension, pulmonary aspiration and rarely pneumothorax
 3. Reduced cardiac output – vena caval compression, arrhythmias, haemor-

rhage, myocardial depression, venous gas embolism and extraperitoneal gas
• Subcutaneous emphysema during procedures spells DANGER – gas insuffla-

tions to be checked.
• At the end of operation, the surgeon is encouraged to expel as much CO2 as pos-

sible. To reduce pain, local anaesthesia to be applied to wound sites.
• Liberal intravenous fluid therapy is preferred to maintain adequate urine out-

put (approximately 10–20 ml/kg/hour), to minimize haemodynamic changes 
from pneumoperitoneum, to decrease PONV and to improve postoperative 
recovery [30–32].

• Choice of intravenous fluid is crystalloid in the form of Ringer-lactate, normal 
saline and 5% dextrose with normal saline. We usually give 3–4 l of fluid 
intraoperatively, and average duration of surgery lasts for 3–4 h.

4.4.2.1  Special Consideration for Laparoscopic Donor Nephrectomy
(a) Urine output: We overhydrate the donor to maintain urine output >10 ml/kg/

hour. We give only crystalloid (NS/RL alternate); if the patient is diabetic, we 
start dextrose-insulin drip. We try to keep positive fluid balance for around 
700 ml to 1 l until the patient is extubated and shifted to the ward.

 (b) Intraoperative haemodynamic: Due to pneumoperitoneum, it compromises 
the organ perfusion, including renal, gastrointestinal, liver, etc. To overcome 
these problems, we try to avoid hypotension and maintain mean arterial blood 
pressure more than 100 mmHg or maintain vitals 20% more than the 
baseline.

 (c) Intra-abdominal pressure: Ideally, intra-abdominal pressure (IAP) needs to be 
maintained between 12 and 15 mmHg during donor nephrectomy. Sometimes, 
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when it happens due to pneumoperitoneum, renal vessels are in spasm, and 
urine output is also reduced despite of all effort by the anaesthesiologist; in such 
a situation, instil papaverine on the renal vessels and keep zero intra-abdominal 
pressure and wait until you achieve the targeted urine output.

 (d) Diuretics (Frusemide and Mannitol): We intermittently give intravenous 
frusemide (0.75–1 mg/kg) and mannitol (0.25–0.5gm/kg) to maintain urine out-
put. Mannitol is a good osmotic diuretics; it should be given 15–20 min before 
securing the renal artery. It acts as an osmotic diuretic, preservative and free 
radical scavenger and minimizes renal vessel spasm by maintaining adequate 
intravascular osmotic pressure.

 (e) Role of Aminophylline: It is indicated when donor is a smoker, elderly, compro-
mised or marginal donor kidney (eGFR around 80), we need to overhydrate the 
patient. It is helpful to prevent renal vessel spasm, mild diuretic action, increase 
ureteric peristalsis and increase the pulmonary vessels capacitance.

 (f) Heparin: Some centres use the heparin (3,000–5,000 IU) 10 min before the 
renal artery clipping [33].

 (g) Sodium bicarbonate: We give sodium bicarbonate 7.5% 1 ml/kg. It keeps the 
pH towards the alkali for some time, which is helpful to preserve the donor 
kidney until perfusion done by cold perfusion fluid.

 (h) Surgical steps: During CO2 insufflation, the vitals are monitored, and diuret-
ics given in an incremental dose. Before port placement, injection bupiva-
caine 0.25% infiltration is necessary to reduce analgesic requirement. Once 
the surgeon is on the renal hilum dissection, we start mannitol injection in an 
incremental dose. During adrenal dissection, there is a theoretical possibility 
of haemodynamic instability in terms of tachycardia which should be kept in 
mind. We monitor the adequacy of intravascular volume expansion by the 
turgor of the renal veins. On the recipient side, 20 mg frusemide, 10 mg man-
nitol and 1 ml/kg sodium bicarbonate are administered for at least 10–15 min 
prior to retrieval. Meanwhile, the retrieval incision is ready and then surgeons 
retrieve the kidney. The renal retrieval time, warm ischemia time and cold 
ischemia time are noted at the conclusion of the procedure. Instillation of 
20–40 ml of 0.125–0.25% bupivacaine in the renal fossa will reduce the 
requirement of postoperative analgesia.

(i)  Perfusion fluids: Once the kidney is retrieved, surgeon immediately flushes 
the kidney with 4–8 °C ice saline and then cold ischemia time will start.

• After the surgery, we extubate the patient on the table. For reversal, we inject a 
combination of neostigmine (50 mcg/kg) and glycopyrrolate (8 mcg/kg) intrave-
nously. Once all the vitals are stable, we shift the donor to the postoperative ICU.

4.5  Postoperative Management

• In postoperative ICU, patient is monitored for 24 h. All vitals and urine output 
are noted.

• For intravenous fluid management, equal balance is maintained and crystalloids 
are preferred.
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4.5.1  Postoperative Analgesia

The factors which can be responsible for postoperative pain include port site pain, 
low abdominal incisions (retrieval incision), pelvic organ nociception, diaphrag-
matic irritation (shoulder tip discomfort from residual pneumoperitoneum), urinary 
catheter discomfort, etc.

Pain has a wide spectrum of effects on the body. Incompetently controlled post-
operative pain may lead to harmful physiologic and psychological consequences, 
which increase the morbidity and mortality [34, 35]. It has been recognized that 
inadequately treated postoperative pain may lead to chronic pain, which is often 
misdiagnosed and neglected [36, 37].

At our centre, we give on-demand analgesia.
The multimodal analgesic techniques have been shown to control this dynamic 

pain. For the multimodal approach, we have been following modalities:
(a) NSAIDS:
Nonsteroidal anti-inflammatory drugs (NSAIDs) are generally avoided because 

of their potential nephrotoxicity and other adverse effects. It was observed that they 
had the little effect on surgical stress response and organ dysfunction [38, 39]. On 
the other hand, it was found that NSAIDs provide moderate postoperative analgesia 
and an opioid-sparing effect in about 20–30% [40]. They can minimize the inci-
dence of opioid-related adverse effects like nausea, vomiting, respiratory depres-
sion and ileus and bladder disturbances. If NSAIDs were used for less than 5 days 
with adequate hydration, they can make a potential alternate to opioids. We do not 
use NSAIDs in donor nephrectomy patients.

(b) Opioid analgesia:
The use of opioid in postoperative period is a standard practice. At our centre, we 

use fentanyl, tramadol, pentazocine and nalbuphine. The opioids have associated 
side effects like postoperative nausea and vomiting (PONV), respiratory depression 
and sedation. Hence, making use of opioids is far from being the ideal postoperative 
analgesic of choice following a major surgery like laparoscopic donor 
nephrectomy.

(c) Epidural analgesia:
Epidural opioids and local anaesthetic (LA) infiltrations have shown that they 

provide more effective dynamic pain relief. But it is important to note that epidural 
opioids are less effective on stress response [40].

Continuous epidural administration of local anaesthetic (LA) agents or LA plus 
opioids was shown to reduce the postoperative pulmonary morbidity after major 
abdominal surgery [41]. They can also block the sympathetic responses and may 
reduce the cardiac morbidity [35]. Epidural analgesia was found to be associated 
with a lower incidence of PONV, sedation and postoperative bowel dysfunction 
when compared with opioids [42, 43].

(d) Transversus abdominis plane (TAP) block:
This plane is poorly vascularized, and it was found that analgesic effect of TAP 

block lasts for prolonged duration due to slow drug clearance [44, 45]. But until the 
date, there is lack of robust data that justifies the efficacy of TAP block for donor 
laparoscopic nephrectomy.
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(e) Local long-acting agent infiltration and instillation:
Pre-emptive port site infiltration can reduce the central sensitization and facili-

tates recovery by making the earlier ambulation [46–48]. It also reduces the postop-
erative analgesic requirement. There is lack of properly conducted study in case of 
donor laparoscopic nephrectomy. Renal fossa instillation with 20 ml 0.5% bupiva-
caine was found to reduce the requirement of postoperative analgesia in donor lapa-
roscopic nephrectomy.

(f)  Other modalities like use of alpha-2 agonist, pregabalin, acetazolamide 
and antidepressant may minimize the requirement of postoperative analge-
sia and the side effect related to opioids.

• To prevent postoperative nausea and vomiting, we prefer intravenous 
injection of 4 mg ondansetron, 10 mg metoclopramide and 40 mg 
pantoprazole.

• On first postoperative day, we start light diet and early ambulation. On 
second postoperative day, we start the full diet. Usually, we discharge the 
donor on third postoperative day.
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Abstract

The left side is the preferred renal unit for engrafting. The obvious reasons for 
this are easier dissection of the hilum, anatomically longer vein. This makes the 
recipient surgery easier. A longer renal vein offers ease for the recipient surgeon. 
However, in comparison to the right side, the left side involves a few inherent 
anatomical challenges, which include the need for dissection of the lumbar vein, 
the adrenal vein, and the gonadal vein. The left side requires aggressive dissec-
tion of the upper pole particularly the spleen. In this chapter, we emphasize on 
the intricacies in the steps of laparoscopic donor nephrectomy on the left side.

5.1  Introduction

The left side is the preferred renal unit for engrafting. The obvious reasons for this 
are easier dissection of the hilum, anatomically longer vein. This makes the recipi-
ent surgery easier. A longer renal vein offers ease for the recipient surgeon. However, 
in comparison to the right side, the left side involves a few inherent anatomical chal-
lenges, which include the need for dissection of the lumbar vein, the adrenal vein, 
and the gonadal vein. The left side requires aggressive dissection of the upper pole 
particularly the spleen. In this chapter, we emphasize on the intricacies in the steps 
of laparoscopic donor nephrectomy on the left side.
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5.2  The Armamentarium (Figure 5.1-Instruments Trolley)

 1. One 10 mm 30° telescope
 2. Two 11/12 mm ports (dilating tip trocars)
 3. Two 5 mm ports
 4. One Maryland forceps
 5. Dissecting laparoscopic scissors
 6. Single-action or double-action bowel grasper
 7. Right-angled laparoscopy forceps
 8. Energy sources:

(a) Ultrasonic Harmonic scalpel™ (optional)
(b) Bipolar: LigaSure™, ENSEAL™ (optional)

 9. Monopolar hook forceps
 10. Hemostatic devices

(a) Hem-o-lok™ clip applicator and clips
(b) Titanium clip applicator – multiload
(c) Vascular/Endo GIA stapler – if institutional policy is to use a stapler

 11. Open surgical tray and rescue tray

5.3  Procedure- Step by Step

At the outset, the stomach is decompressed with a Ryle’s tube, and the bladder emp-
tied with a bladder catheter. Placing the catheter bag at the head end of the patient 
helps the anesthetist do the monitoring. The patient receives 1–2 liters of 

Trolley 

Ports

Suction cannula 

30º Lens

Single action bowel grasper
Veress needle
Maryland forcep 

Weck Clip Applicator
Hook

Right Angled dissector

Double action bowel grasper

Fig. 5.1 Trolley preparation
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intravenous fluid before creating a pneumoperitoneum, and a urine output of 100 cc 
per hour is ensured throughout the procedure.

CT imaging in form a CT angiography helps in providing a road map for the dis-
section and completion of the procedure. Apart from providing details regarding the 
number of vessels (single artery, single vein), it also gives a fair idea regarding the 
location of the vessels in relation to each other. This information will be gained 
particularly if the CT images are viewed on the CT console. The same information 
can be gained if the data is reviewed on a CD. The information offered would be 
whether the renal artery is caudal or cranial to the renal vein, the number of lumbar 
veins, and the information regarding the relation of the vein with the artery and 
lumbar vein.

5.3.1  Patient Positioning (Fig. 5.2)

The patient is placed in right lateral position (left side up). The patient is positioned 
at the right edge of the table, with the patient’s belly hanging down as opposed to 
the open surgery where the patient is on the left edge of the table for left-sided 
surgery. Patient is positioned at an angle of 60° with the table depending upon the 
habitus of the patient. The left leg is extended, and right leg flexed with two pillows 
between the legs; the first pillow is at the level of the thigh placed vertically and 
other at the level of the leg and the ankle placed horizontally. Patient’s back is sup-
ported by three cuboid-shaped bolsters. The right arm is extended and kept of an 

Right arm extended and
left flexed on pillow rest

Left leg extended

Straps

Pannus
falling off
the table

Two pillows 1st vertical
and second horizontal

Right leg flexed

Fig. 5.2 Patient positioning
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arm board after placing an axillary roll; the left arm is flexed at elbow and placed 
on a mayo’s stand or pillow, after placing an axillary roll. Care has to be taken that 
the patient’s left hand is placed in such a way that it does not come in the way of 
the surgeon’s left hand movements, inadvertent pushing of the patient’s left hand 
during surgery may cause a stretch injury to the brachial plexus, and also improper 
positioning causes limitation of left hand movement of the surgeon. Special atten-
tion is paid to securing and strapping pressure points. Padding devices used include 
commercially available gel pads, cotton rolls, or locally available things like egg 
crates or foam sheets. The pressure points include the knee, ankle, shoulder, and 
axilla, and lateral cutaneous nerve of the thigh, the peroneal nerve, and the brachial 
plexus which are at risk of injury.

The straps are applied on the lower hip and the chest. The straps can be rubber or 
leather straps available in the market or can be a broad cloth, Elastocrepe, or white 
cloth sticking. The straps should go all around the patient so that the patient can be 
rotated during the surgery if required. The anesthetist gives special attention to the 
strap on the lower chest.

Surgical advantage of such a positioning is that in obese patients the pannus falls 
away from the operative site and port placement becomes easier.

5.3.2  Preplaced Incision (Fig. 5.3)

A Pfannenstiel incision, which is 5–6 cm in length two to three fingerbreaths above 
the pubic symphysis pubis, is marked in supine position. A bikini line incision can 
also be marked in females. The incision is taken once the patient is positioned and 
prepared. The skin and subcutaneous tissue is incised, and the rectus sheath is opened 
horizontally and undermined cranially and caudally. Rectus abdominis muscle, 
pyramidalis muscle, and the midline are identified. The midline is scored with electro-
cautery, and using an atraumatic forceps and artery forceps, it is split. Preperitoneal fat 

Headend Headend

Rectus muscle

Fig. 5.3 Preplaced extraction incision
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is now exposed; using atraumatic forceps and artery forceps, this fat is peeled off from 
the peritoneum, and peritoneum is thus exposed. The incision is packed with wet mop.

Advantage of this incision is that it can be used in any emergency, vascular acci-
dent, where surgeon can use his hand to temporize bleeding. It is a muscle-splitting 
incision, and hence there are less chances of developing hernia and good healing. 
Cosmetically, it is a very appealing incision. This incision can be used to train sur-
geons; the surgeons are allowed to do kidney retrievals from this incision in early 
part of their training, and when they actually start performing this surgery, they can 
use this incision in salvaging vascular accidents.

A similar incision can be placed in the left iliac fossa; the disadvantage is that it 
is a muscle-cutting incision, is less cosmetic, and increases chances of incisional 
hernia. But it is useful in extremely obese patients and in patients with operative 
history in lower abdomen.

5.3.3  Operating Room Setup (Fig. 5.4)

The operating surgeon and the camera driver stand on the right of the patient; for 
most of the situations camera driver standing cranially and surgeon caudally is more 
ergonomic. The instrument trolley is placed at the foot end of the patient. The scrub 

Operating room set up

Camera driver

Scrub nurse

Surgeon Anesthesiologist Screen 2

Fig. 5.4 Operating room setup. The figure depicts the position of the surgeon, the assistant, and 
the anesthetist
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nurse stands caudal to the surgeon. The assistant surgeon stands on the left of the 
patient and the anesthesiologist at the head end.

The vision cart with the main video monitor is placed in front of the operating 
surgeon; it should be at a distance, which is equal to five times the diagonal length 
of monitor. For a 21 inch monitor, the distance of the monitor should be at 105 in. 
from the surgeon and placed just below the eye level so that the surgeon looks 15° 
down while operating; this causes the least fatigue on sternocleidomastoid muscle. 
The insufflator and energy sources should be placed on the vision cart below the 
monitor so that they are in direct view of the surgeon. The second monitor is placed 
behind the surgeon so that the assistant can visualize the surgical steps clearly.

5.3.4  Port Placement (Fig. 5.5)

The principles of port positioning include triangulation, positioning the camera in 
front of the hilum; distance between the two ports is at least four fingerbreaths, so 
that there is no sword fighting, and the camera port should be midway of the two 
working ports. The ports should be placed in such a way that the angle between the 
two working instruments, i.e., the manipulation angle is 60–75°, and the angle 
between each of the working instrument and the camera, i.e., the azimuth angle, 
should be between 30 and 45°.

The anterior superior iliac spine (ASIS), the umbilicus, the lateral border of the 
rectus muscle, midline, subcostal margin, 12th rib, midpoint of the line joining 
ASIS, and umbilicus are marked using a skin marker. The placement of the port is 
dictated by the location of the kidney in relation to the costal margin and the truncal 
obesity.

The first port is indeed at a reference point, which is at the midpoint of the line 
joining ASIS and the umbilicus. The reference point moves cranially and laterally 

Left Hand
port 5 mm

12 mm right
hand port

12 mm
camera

port

Fig. 5.5 Port positioning
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in obese patients. The first port, which is typically a 12 mm port, is inserted at this 
reference point. Access technique may vary from institute to institute and patient 
to patient. In Veress needle technique, the Veress needle is inserted in the abdomi-
nal cavity through the point marked for entry of first port. Its position in peritoneal 
cavity is confirmed by floating ball in the needle hub, change in color indicator to 
green (both in case of Ethicon™ needles), hanging drop test, and initial pressures 
of less than 10 mm of Hg. Initial insufflations pressure should be set to 20 mm of 
Hg, abdomen should be insufflated till it become like tense like a football, and 
there should be uniform distension and elastic recoil. At this point, one should 
insert the first port; the direction should be toward the 12th rib keeping it as per-
pendicular to the abdominal wall as possible. Once the port is inserted, the camera 
is inserted, and a check peritoneoscopy is done to rule out any injury. The second 
5 mm port is placed under vision, below the costal margin in the same line as the 
first port. The distance between the first two ports should be at least 15 cm; if less, 
then the second port should be moved medially and cranially till a point that this 
distance becomes 15 cm. The third or the camera port is again a 12 mm port placed 
at lateral border of rectus muscle, it is placed at a point which is the junction of 
cranial one third and caudal two third of the line joining first and the second port. 
This is exactly in front of the hilum. The vantage location is absolutely essential as 
this helps in unhindered dissection of the hilum. Some centers use an initial 5 mm 
port, inspect the peritoneal cavity with 5 mm laparoscope, put the other ports under 
vision, and then replace the first port with a 12 mm port. The idea of doing this is 
that if the first port causes an injury, it should be of a lesser magnitude. The fourth 
port is a 5 mm retraction port placed later in the course of the surgery; it is placed 
one or two fingerbreath above the ASIS and is used to retract uretero- gonadal 
packet, lower pole of kidney, and sometimes the upper pole.

In patients who have had multiple previous surgeries, Hasson’s technique of port 
placement under direct vision can be used.

5.3.5  The Bowel Reflection (Figs. 5.6a and b)

On peritoneoscopy, one may find adhesions, which can be in the form of omentum 
or colon itself stuck to the anterior abdominal wall covering the spleen. These adhe-
sions need to be taken down so that all the landmarks, namely, the spleen, colon, and 
white line of Toldt, become visible. To incise these adhesions, omental or colonic fat 
should be held on a stretch and cut close to the abdominal wall using cold scissors. 
Incising the white line of Toldt remains the first but the most important step of this 
procedure. The incision along the white line of Toldt is started at the level of kidney, 
extended toward the spleen and diaphragm cranially and up to the pelvic brim cau-
dally. The key point remains to maintain the plane of dissection in the extra-Gerotal 
plane. The avascular plane between the Gerota’s fascia and the colonic mesentery is 
developed and followed. The bright globular fat of colonic mesentery is separated 
from glistening, shining, smooth yellow look of Gerota’s fascia with fat within it. 

5 Laparoscopic Left Donor Nephrectomy (Transperitoneal Approach)



52

The instruments used during this step of surgery include a combination of blunt and 
sharp instruments. Typically this job can be done with a scissors and suction. The 
plane should be found till the splenorenal ligament. The newer bipolar devices such 
as Harmonic scalpel™/LigaSure™ help in dissection in this part of the operation. 
During reflection of the colon, it is prudent to avoid use of energy close to the colon.

Mesentery is bluntly dissected medially; any bleeding indicates a wrong plane 
either violation of mesentery or Gerota’s fascia. The dissection should be carried 
cranially where one may encounter more than one plane. Here, using a closed bowel 
grasping forceps, one should retract the spleen and cut the lienorenal ligament using 
an energy source like Harmonic scalpel™. This should be done right up to the dia-
phragm, and in the cranial part of dissection, one should be careful not to injure the 
stomach or the diaphragm.

Once this is done, the spleen and splenic flexure fall away. This is followed by 
separation of spleen and pancreas on one side and the upper pole on other.

Incision along the white line of toldt

Retroperitoneal fat

Mesenteric fat

a

b

Fig. 5.6 (a) Bowel reflection (b) Figure showing difference between retroperitoneal and 
mesenteric fat
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5.3.6  Uretero: Gonadal Packet (Fig. 5.7)

As the mesentery is reflected medially, one may be able to identify the gonadal vein. 
In case of difficulty, one should try to trace the gonadal vein from the pelvic brim 
where it is better visible. Once the gonadal vein is seen, the dissection is extended 
between gonadal vein and colonic mesentery. The mnemonic “water flows below 
the bridge” helps in identification of the ureter. Ureter is identified by its course, 
peristalsis, and the vascular pattern around it. The key remains to avoid skeletoniz-
ing the ureter. The uretero-gonadal packet should be lifted en bloc. The dissection 
should not proceed in between the ureter and the gonadal vein. Once the plane is 
found in between the psoas muscle and the uretero-gonadal packet, the ureter is 
lifted off the psoas muscle leaving the glistening psoas fascia on the psoas muscle. 
The dissection then proceeds toward the upper pole remaining on the aorta. An 
additional port is inserted in the left iliac fossa. The port is 5 mm and helps in intro-
duction of a retracting instrument.

5.3.7  Separation of the Fibrofatty Tissue up to the Renal Hilum

The dissection proceeds on the aorta (identified by the pulsations). Typically, a 
small twig of the ureteral blood supply will be encountered during this step, which 
preferentially can be taken with a clip (interlocking metal clip or a polymer 5 mm 
Hem-o-lok™ clip). The renal vein will be identified by its bluish hue. The preopera-
tive CT helps in identification of the renal vein. The relative location of the entry of 
the gonadal vein into the renal vein helps in identifying the takeoff of the adrenal 
vein from the renal vein.

Lifting the uretero gonadal packet

Psoas muscle

Fig. 5.7 Uretero-gonadal packet
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5.3.8  Exposing the Renal and the Adrenal Vein (Fig. 5.8)

Once the Gerota’s fascia is cleared of the anterior surface of the renal vein, the adre-
nal vein is identified. The dissection of the adrenal vein should proceed to the point 
that the adrenal gland is seen. The attempt should be to maintain a significant 
amount of adrenal vein on the renal vein side. In addition, special care should be 
taken of the inferior phrenic vein which arises from the adrenal vein. The adrenal 
vein should be circumferentially dissected and clipped. The clips of choice for clip-
ping adrenal vein are the interlocking clips (metallic) and the polymer clips.

5.3.9  Adrenal Gland Dissection

Once the adrenal vein is secured, a plane is developed between the adrenal gland and 
the kidney by following the edge of adrenal gland. It is a key point to remain near the 
adrenal gland and not the kidney; this part of the dissection is intra-Gerotal. The 
landmarks to be followed include the psoas muscle, kidney, and the adrenal gland. 
Once the adrenal gland is dissected of the kidney, the upper pole of the kidney is 
clearly visible, the posterior layer of the Gerota’s fascia is now opened by blunt and 
sharp dissection, and the abdominal wall gets exposed. At this point, the upper pole 
becomes free and can be lifted up. This part of the dissection proceeds with the help 
of energy devices such as Harmonic™ or LigaSure™. The advantage of using these 
energy devices is that they secure small vessels from the splenorenal ligament.

5.3.10  Lumbar Vein Dissection (Fig. 5.9)

The dissection of the lumbar vein is done after the dissection of the upper pole 
because an inadvertent injury to these veins at a stage wherein the upper pole is 

Adrenal vein Renal vein

Fig. 5.8 Exposing the Adrenal Vein and Renal vein
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not dissected may lead to a potential need to convert to open approach. To dissect 
the lumbar vein, one needs to identify the lower border of the renal vein. To do 
this, the assistant lifts the lower pole of the kidney; with an oblique lens, the tis-
sue posterior to the renal vein is visualized. At this point, the aorta and the renal 
vein ostium are identified. Lumbar vein is identified and dissected for some 
length toward psoas muscle; many times lumbar vein is broad and has more than 
one branch. All the branches should be dissected away from the underlying renal 
artery and then clipped using titanium clips. The lumbar vein is secured away 
from the renal vein. Adequate cuff of tissue should be kept beyond the clip on the 
graft side. All attempts should be made to secure the lymphatic tissue in this 
region.

Once lumbar vein is tackled, the renal artery gets exposed. The artery should be 
dissected along its length to identify its course and caliber at this stage.

5.3.11  Dissecting the Upper Border of Renal Vein (Fig. 5.10)

The tough tissue cranial to the upper border of the vein is a neuronal tissue. This 
tissue should be secured once the ostium of the renal artery is clearly seen. The 
additional port inserted from the iliac fossa help in delineating the vessels.

5.3.12  Renal Arterial Dissection (Fig. 5.11)

The periarterial, lymphatic, and fibrofatty tissue is gradually cut using a hook or 
Harmonic scalpel; this skeletonizes the renal artery up to its origin from the 
aorta. Circumferential dissection is completed using a right-angled dissector. 
Dissection should not be extended to the renal sinus. Minor bleed may occur at 
this stage, which can be managed by compression, Surgicel™, and occasional 
use of clips.

Fig. 5.9 The lumbar vein dissection

Aorta

Lumbar vein

Renal vein
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5.3.13  Renal Vein Dissection (Fig. 5.11)

Renal vein by this time is dissected all around one just needs to pass a right-angled 
dissector around the renal vein to ensure circumferential dissection.

5.3.14  Retrieval Incision

The issues related to retrieval are discussed elsewhere in the text. The options avail-
able include Pfannenstiel, Gibson, or extension of the port.

Renal vein

Renal artery

Clipped Lumber vein

Fig. 5.11 Renal arterial dissection

Adrenal vein
stump

Neural tissue
cranial to renal vein

Renal vein

Fig. 5.10 The upper border of renal vein dissection
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5.3.15  The Retrieval (Fig. 5.12)  

Many surgeons routinely do instillation of papaverine on renal artery; most of the 
surgeons do not do a systemic heparinization prior to clipping of renal artery. The 
retrieval starts with securing the gonadal vein; it is secured with the help of inter-
locking clips. Adequate prudence should be exercised to avoid skeletonization of 
the ureter while securing this vessel. All attempts should be made to keep adequate 
amount of tissue with the ureter. Once the gonadal is secured, the ureter should be 
secured at the level of the iliac crossing. Typically a ureteric artery is encountered at 
this point. This should be looked for and secured. The ureter is secured with clips. 
On transection of the ureter, an adequately perfused graft shows a spurt of urine.

The next step is to detach the kidney from the posterior surface. This step should 
be left for the last, as an earlier detachment of the posterior attachment of the kidney 
will make the dissection of the hilum challenging. The proper plane for this dissection 
should be identified. This is typically extra-Gerotal. A consistent muscular feeder is 
seen arising from the posterior abdominal wall entering the Gerota’s fascia; it should 
be cauterized. The superior portion of the kidney should be separated from the poste-
rior abdominal wall. At this stage the kidney hangs from a small lateral attachment, 
which is disconnected at last.

Thereafter, the renal hilum is secured. The ostium of the artery should be secured 
at the level of the aorta by using two Hem-o-lok™ clips, which are placed at a dis-
tance on 1–2 mm from each other. The artery is cut leaving a margin of 1–2 mm 
beyond the clip. Similarly, the renal vein should be secured below the adrenal vein 
using two Hem-o-lok™ clip placed at a distance of 1–2 mm from each other. Renal 
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vein is cut after leaving a cuff of 1–2 mm beyond the clip. The application of the 
first arterial clip marks the beginning of warm ischemia. The key to safe retrieval is 
adequate exposure. The fourth port forms the assistant aids in this. Any remnant 
tissue posterior to the artery is secured with Hem-o-lok™ clips. The kidney is sepa-
rated away from residual attachments. Once the kidney is freed, it is held by a 
grasper, and the assistants expose the wound using c-shaped retractors. The retrieval 
surgeon is wearing a nonporous arm guard up to the elbow; he incises the perito-
neum, enters the peritoneum, and under vision catches the lower pole of the kidney; 
the grasper holding the kidney is released and retrieval completed. Kidney is placed 
in ice slush, and this marks the beginning of the cold ischemia, while retrieval care 
should be taken not to injure the kidney with the edges of the port.

The retrieval surgeon places a mop in the renal fossa and looks for hemostasis. If 
there is no active bleeding, wound is closed up to the level of rectus sheath, and a 
check laparoscopy performed.

5.3.16  Hem-o-lok Clip

These are polymer clips available in three sizes: 5 mm (green), 10 mm (purple), and 
15 mm (gold). There has been a black box warning regarding the use of these clips 
in laparoscopic donor nephrectomy. This was issued following reports of deaths 
from improper use of these clips in donor nephrectomy.

5.3.17  Check Laparoscopy

Pneumoperitoneum is recreated and renal hilum inspected for bleeding. Other 
potential areas of bleeding like the adrenal bed, ureteric stump, gonadal vein, and 
abdominal wall are inspected. Abdominal cavity is irrigated with normal saline, 
which is completely sucked out. Wound is inspected from within, and pelvic collec-
tions are sucked out. Ports are closed using Carter-Thomason needle with Vicryl™ 
no. 1 suture, ports are inspected for bleeding, and finally skin is closed with 
Monocryl™ 3-0.

A.P. Ganpule et al.
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6Laparoscopic Right Donor Nephrectomy 
(Transperitoneal Approach)

Nariman Ahmadi and Monish Aron

Abstract
Laparoscopic donor nephrectomy has gained significant momentum in recent 
years with the aim of minimizing postoperative morbidity as well as enhancing 
the recovery of the donors. Laparoscopic right donor nephrectomy continues to 
be performed less often despite increased uptake of laparoscopy in recent years. 
This has been due to combination of factors, which includes short length of the 
right renal vein, technical challenge and the poor graft survival in the early 
years. 

In this chapter we briefly examine the issues regarding laparoscopic right 
donor nephrectomies and describe a step-by-step approach in performing laparo-
scopic transperitoneal right donor nephrectomy.

6.1  Introduction

Laparoscopic donor nephrectomy is a zero-error operation for which the safety of 
the donor has to be considered above all. Donors who undergo open donor 
nephrectomy forgo significant portion of their annual income, experience signifi-
cant pain, and pay out-of-pocket expenses for travel, housing, and childcare. 
Prolonged recuperative time, pain, and cosmetic results are, therefore, disincen-
tives to traditional live kidney donation. Feasibility of laparoscopic donor nephrec-
tomy was initially reported in 1995 by Ratner and colleagues with the aim of 
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minimizing morbidity as well as improving recovery parameters [1]. Since then, 
laparoscopic donor nephrectomy has become an established alternative to the tra-
ditional open approach [2]. Whether open or laparoscopic, the left kidney is often 
favored to the right. This is mainly attributed to the short right renal vein and early 
experiences of renal vein thrombosis and graft loss [2]. Consequently right donor 
nephrectomy is performed in only 5–15 % of all laparoscopic donor nephrectomy 
series [3–5]. Several indications do prompt consideration of the right over the left 
kidney for donation, and the incorporation of right kidney donation will maximize 
the transplant pool. However, laparoscopic right donor nephrectomy has been the 
cause of trepidation even in the hands of the most experienced minimally invasive 
surgeons.

Recent and more contemporary series have demonstrated the safety and feasibil-
ity of this procedure for the donor as well as equivalent graft survival and function 
for the recipient [3]. A recent meta-analysis by Wang et al. revealed no differences 
in graft function or loss, conversion to open nephrectomy, and donor or recipient 
postoperative complication rates [6]. More interestingly, the right donor nephrec-
tomy group had shorter operative time, intraoperative complications, and blood 
loss. At our institution we advocate performing laparoscopic right donor nephrec-
tomy, if clinically appropriate. This procedure should be performed by experienced 
laparoscopic surgeons who in turn should be familiar with open donor nephrectomy, 
should the need arise. In this chapter we describe our technique of donor nephrec-
tomy in a stepwise manner and pay particular attention to points of techniques in 
each step.

6.2  Step-by-Step Approach

6.2.1  Preoperative Preparation and Evaluation

Prior to this procedure, all patients should undergo the comprehensive donor 
workup, which has been discussed in the previous chapters. Surgeons need to famil-
iarize themselves with the vascular anatomy on the CT angiography prior to start of 
the procedure. The CT scans should be displayed in the operating room throughout 
the procedure. The site of the surgery should be marked, the consent form reviewed, 
and patient’s questions addressed prior to the start of the case. Patients should be 
well hydrated with satisfactory urine output. Needless to say, it is the responsibility 
of the surgeon to perform the final check to ensure all safety parameters are 
addressed prior to initiation of the procedure. Furthermore, the open nephrectomy 
surgical tray should be available in the operating room during the procedure, and 
nursing staff should be well trained and familiar with emergent conversion proto-
cols should the need arise. Major bleeding from the right renal vein and IVC are 
catastrophic events, and all precautions should be taken to be well prepared should 
this happen.

N. Ahmadi and M. Aron
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6.2.2  Positioning Patient and Room Setup

Operating room setup has been shown in Fig. 6.1. The surgeon and the assistant stay 
on the left side of the patient and the scrub nurse as well as the tower on the right 
side. The surgeon and the assistant positions may vary depending on the comfort 
and preference; however, we recommend the surgeon standing caudally to the assis-
tant for ergonomic reasons. The main video monitor should be directly in front of 
surgeon and at eye level. Surgeon should also have view of the laparoscopic tower 
including the diathermy settings and the insufflator pressure monitors. Additional 
monitors should be available for the anesthetist as well as the scrub nurse.

Patients should have an indwelling catheter (IDC) and DVT prophylaxis measures 
such as pneumatic calf compression device and subcutaneous heparin. Prior to posi-
tioning, the site for the Pfannenstiel incision (2–3 cm above pubic symphysis, 5–6 cm 
length) is marked as this will change once the patient is placed in flank position. This 
is particularly important in more obese donors. The IDC bag should be placed at the 
head end of the bed for urine output monitoring by the anesthetist during the case.

Patients are positioned in a 45–60-degree left lateral position with the right side 
up; a 1 L saline bag is positioned under the axilla to avoid brachial plexus 

Surgeon
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Mayo stand

Secondary
monitor

Nurse

Instruments

Laproscopic
tower

Anesthetist

Fig. 6.1 Showing patient positioning
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neuropraxia. We do not use the kidney rest routinely. The patient is placed at the edge 
of the bed and secured with tapes to the bed at the level of iliac crest and mid-thorax. 
We utilize the 3 in. Leukoplast (BSN medical) as it provides firm grip and does not 
stretch. Surgeons should ensure that the patient is secure, in case bed rotation is 
required during the case. Care is taken to protect the nipples as well as the penis from 
the adhesive tapes. Once the patient is secured to the bed, the arms are placed in their 
final position. The left arm is extended and rested on an armrest in neutral position, 
and the right arm is flexed and positioned on an armrest with elbows at same level 
with angle of the mandible. This positioning of the right arm allows the surgeon’s 
right arm not to clash with the patient’s right elbow during the procedure which in 
turn allows for improved access during dissection of the lower pole and the distal 
ureter. Skin preparation should be extended to include the site for the Pfannenstiel 
incision as well as the flank should the need for conversion to open surgery arise. We 
place the camera cord, light source, as well as the insufflation tube cranially and all 
other tubes and cords caudally. We place two long quivers on the lateral edge of the 
drape for secure placements of laparoscopic instruments during the case.

6.2.3  The Armamentarium (Fig. 6.2)

 1. Ports:
(a)  2 × 5 mm ports
(b)  3 × 12 mm port
(c)  1 × 15 mm port

 2. 10 mm 30-degree telescope
 3. Graspers:

(a)  1× small bowel grasper
(b)  1× bullet nose forceps
(c)  1× short fenestrated forceps
(d)  1× right-angled forceps
(e)  1× laparoscopic Satinsky clamp
(f)  1× laparoscopic 10 mm fan retractor

 4. Energy devices
(a)  Dissecting laparoscopic scissors
(b)  Monopolar hook diathermy

 5. Hemostasis devices:
(a)  Hem-o-lok® (Teleflex Medical, NC, USA) applicator and clips
(b)  Titanium clip applicator and clips
(c)  Vascular endoscopic stapling device (Endo TA 30 mm)

 6. Open surgical tray

6.2.4  Port Placements (Fig. 6.3)

The main objective of port placements is optimum vision of the renal hilum. 
The camera port is a 12 mm port positioned at the lateral edge of the rectus 
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muscle, 2 cm caudal to the transpyloric plane. This should translate intra-
abdominally to just below the level of the renal hilum. Surgeons must always 
correlate this port position with the CT scan and individualize the position 
accordingly. We utilize the Veress needle technique which has been described in 
the previous chapter. The next stage is performing a diagnostic laparoscopy and 
inspection of the abdomen for any injury related to the entry technique as well 
as the presence of any abdominal pathology. The camera port is the reference 
port, and the remaining ports position may vary depending on the patient’s body 
habitus. All ports should be at least 4–5 cm away from each other to avoid 
instrument clashing. The lower working port (12 mm) is placed between the 
umbilicus and iliac crest about 2 cm lateral to the midaxillary line. The slight 
lateral positioning of this port facilitates better retraction of the kidney as well 
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as posterior dissection of the renal hilum. The upper working port (5 mm) is 
placed along the midaxillary line about 2 cm below the costal margin. A third 
5 mm port is placed 4 cm below the xiphisternum and is used to aid in superior 
retraction of the liver. Occasionally, an additional 5 mm port could be placed 
which will aid in renal retraction and exposure of the renal hilum so that the 
surgeon may utilize both arms in performing the dissection. In our experience, 
the position of this port is optimal at 4 cm lateral to midpoint of the working 
ports (Image 2). Prior to start of the case, the height of the bed is adjusted to 
ensure the surgeon’s shoulders are relaxed. This will aid in prevention of fatigue 
and optimal surgical ergonomics.

6.2.5  Exposure (Figs. 6.4 and 6.5)

The first step of the dissection is to provide adequate exposure. Through the 
xiphisternal port, a ratcheted grasper is deployed underneath the right and left 
liver lobes as well as the gallbladder to grasp the lateral diaphragmatic muscles 
for cephalad retraction of the liver for better access and visualization for the 
upper pole of the kidney. During this step utmost care should be taken to avoid 
injury of the liver, perforations of the gallbladder, as well as grasping of the 
intercostal nerves. Occasionally adhesions of the omentum to the gallbladder 
could be encountered. These adhesions should be divided for optimal view; once 
again surgeons should be careful of injury to the gallbladder including thermal 
injury through heat conduction. The right triangular ligaments of the liver should 
also be divided to allow a better cephalad retraction and slight clockwise rotation 
of the right liver. Other omental adhesions to the abdominal wall should also be 
dissected prior to mobilization of the right colon. It is not unusual to encounter 
adhesions in right lower quadrant, most commonly due to previous 
appendectomy.

Liver Retraction using Allis
forcep 

Fig. 6.4 Shows the 
laparoscopic view of the 
liver being retracted by 
Allis forceps
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6.2.6  Medialization of the Colon and Duodenum (Figs. 6.6 and 6.7)

The right colon is medialized by incising the lateral peritoneal reflection of Toldt. 
Keeping the lateral attachments of the kidney intact is a key step which results in 
suspension of the kidney. This in turn aids in hilar dissection at later stage. It is 
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paramount to identify the avascular plane between the colonic mesentery and the 
Gerota’s fascia. The two could be distinguished from one another by the color and 
contour of the fat. Colon mobilization should extend to the level of the iliac vessels 
so that the colon passively reflects downward and out of the way from the renal hilar 
field. Surgeons should now take a moment to identify and distinguish the IVC from 
the duodenum. The duodenum is now Kocherized in order to expose the IVC as 
well as the renal hilum. In this step, it is best to lift the fibers just lateral to the edge 
of the duodenum up and away from IVC and preferably perform sharp dissection. 
Thermal dissection is minimized, and the surgeons should avoid excessive manipu-
lation and handling of the duodenum. Furthermore, duodenum should always be 
dissected prior to dissection of the IVC.

6.2.7  Dissection of the IVC

Prior to dissection of the IVC, surgeons should inspect and identify the approximate 
position of the right renal vein as well as the right gonadal vein (Fig. 6.8a, b). It is 
of note that the origin of the right gonadal vein is usually on the anterior (rather than 
lateral) aspect of the IVC, about 1–2 cm below the renal vein. The IVC is now dis-
sected along its anterior and lateral aspect to fully expose the origin of the right 
renal vein and the right gonadal vein. Meticulous care and dissection techniques are 
mandatory to avoid thermal injury and bleeding from the IVC. We do not routinely 
divide the gonadal vein; however, if injured it could be ligated and divided with 
impunity.

6.2.8  Dissection of the Ureter (Fig. 6.9a, b)

The dissection is now carried out just lateral to the right gonadal vein and the lateral 
edge of IVC (Fig. 6.10) and extended caudally. The ureter and the periureteric tissue 
are retracted laterally, and blunt dissection is performed until the psoas sheath is 
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Fig. 6.8 (a, b) Showing the gonadal vein being dissected and clipped
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identified. The ureter and its periureteric fat are all reflected upward and away from 
the psoas muscle by placing a grasper underneath. From the lateral 5 mm port, the 
space created between posterior Gerota’s fascia and psoas sheath extended caudally 
and cranially from the pelvic brim to the posterior kidney. Manual handling of the 
ureter and thermal dissection at close vicinity to the ureter must be avoided at all 
times. Preservation of the periureteric tissue is paramount in preserving the distal 
ureteric blood supply.

6.2.9  Dissection of the Adrenal Gland (Fig. 6.11a, b)

The dissection is now carried out superior to the renal hilum (Fig. 6.11a). The peri-
toneal attachments between the kidney and the edge of the liver are divided in order 
to provide further cephalad retraction of the liver. This will further expose the upper 
pole of the kidney as well as the adrenal. The Gerota’s fascia is incised along the 
interface between the adrenal gland and the kidney. In this step, a hemostatic dissec-
tion is necessary as there are many small veins communicating from renal tissue to 
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the adrenal gland. Dissection should be carried close to the adrenal gland rather than 
the kidney and extended laterally to the abdominal wall (Fig. 6.11b). The posterior 
spaces created between psoas sheath and Gerota’s fascia, cranial and caudal to the 
renal hilum, should communicate at this stage, and the only remaining attachments 
should be the renal hilum and the lateral attachments.

6.2.10  Dissection of Hilar Vessels (Fig. 6.12)

Prior to hilar dissection, the surgeon should once again confirm the vascular anat-
omy from the preoperative CT scan. The renal artery can be divided either at the 
retrocaval space or alternatively at the interaortocaval space. The latter is the 
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Fig. 6.11 (a, b) Showing renal vein identification, upper pole dissection, exposure of the psoas 
muscle, and upper pole being dissected away from the adrenal gland
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preferred option for cases in which there is retrocaval branching of the renal artery; 
otherwise, a retrocaval approach should yield a satisfactory length of the renal 
artery for transplantation. Further lateral and posterior dissection of IVC is needed 
in order to expose the retrocaval portion of the right renal artery. Small fibrofatty 
and lymphatic tissues around the artery are dissected carefully. Care should be taken 
to avoid dissection of the renal artery close to the renal sinus as this may result in 
vasospasm and graft dysfunction. Also the surgeon needs to be wary of excessive 
traction as well as inadvertent thermal injury to the vessels. If the renal artery is to 
be divided at the interaortocaval space, the duodenum should be Kocherized further 
to expose this space. IVC should be further dissected medially to identify the left 
renal vein. Care should be taken in order to avoid avulsion of the lumbar veins 
which are located on the posterolateral aspect of the IVC. The renal artery is care-
fully dissected in this space. The renal vein now is skeletonized. Once again care 
should be taken to avoid bleeding from small branches. Once the hilar vessels are 
dissected, the lateral attachments are released, and the kidney is fully mobilized.

6.3  Retrieval of the Kidney

At this stage a 5–6 cm Pfannenstiel incision is made at the previously marked site. 
The anterior rectus fascia is incised and the upper and lower fascial layers are sepa-
rated from the rectus muscle. The rectus is divided at midline and retracted laterally. 
The pre-peritoneal space is developed at the right side of the bladder and urachus 
without any breach of the peritoneal cavity. Under direct vision a 15 mm port is 
inserted which can be used to deploy the endovascular stapling device if the angles 
are appropriate. The length of this incision should be enough to easily accommodate 
surgeon’s hand and the kidney including the Gerota’s fascia.

Prior to advancing to the next stage, a series of checks should be performed.

 1. The transplant surgeon should be scrubbed and acknowledge readiness to receive 
the kidney. Preservation fluid, ice slush, and back table instruments should all be 
available.

 2. Open nephrectomy tray should be available and circulating nurse present in the 
room and ready.

 3. The Anesthetist should be notified and muscle relaxation confirmed. An intrave-
nous dose of mannitol should be given.

 4. The laparoscopy tower checked for adequate insufflation gas.
 5. Preloaded Hem-o-lok™ applicator and reload clips, vascular stapler, and a 

reload cartridge as well as the laparoscopic Satinsky clamp all available and 
within reach.

Following the final check, the kidney is once again inspected to ensure that there 
are no attachments except for the hilar vessels and the ureter. The ureter is now 
divided at the level of the pelvic brim (Figs. 6.13 and 6.14). Sucker tip is placed 
between the renal artery and vein to retract the kidney upward. Care should be taken 
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to avoid excessive traction on hilar vessels. Prior to ligation and division of vessels, 
all steps should be mentally visualized. The renal artery is clipped with two Hem-o-
lok™ clips (Fig. 6.15) as well as an additional titanium clip at the retrocaval region 
or the interaortocaval space as described previously. The artery is divided with a 
2 mm cuff on the stay side. The warm ischemia time will start and should be 
recorded from application of the first clip. The laparoscopic staple device is now 
placed on the renal vein (Fig. 6.16), flushed to the IVC’s lateral edge, and fired. The 
vein is cut above the last staple row (Fig. 6.17). The kidney is grasped by the forceps 
from the upper working port and handed to the assistant. The peritoneal layer of the 
Pfannenstiel incision is now opened, and the kidney is grasped by the surgeon’s 
hand, retrieved, and subsequently handed over to the transplant surgeon for place-
ment on ice slush and perfusion of the preservation fluid. While the transplant sur-
geon is attending to the kidney, the donor surgeon will need to reestablish 
pneumoperitoneum by placing a large sponge over the Pfannenstiel incision and 
inspect for major bleeding. At this stage, pneumoperitoneum can be slowly reduced 
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RENAL ARTERY
Being clipped

Fig. 6.15 Shows clipped 
renal artery
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Fig. 6.16 Shows the renal 
vein being stapled

to inspect for venous bleeding, which may have been tamponaded by the positive 
pressure of the pneumoperitoneum. If there is minor oozing from any site, hemo-
static agents could be used. We usually do not put a drain unless significant oozing 
is encountered.

Local anesthetic is infiltrated in the surgical wounds. The peritoneal layer of the 
Pfannenstiel incision is closed with 3-0 Vicryl suture. The rectus muscles are gently 
approximated with 2-0 Vicryl sutures, and the anterior rectus fascia is closed with 
PDS sutures in a continuous manner. The 12 and 15 mm ports require fascial layer 
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closures. The skin is closed with absorbable sutures to ensure maximum cosmetic 
outcome for the donors.

Postoperative care of the donor patients includes diet as tolerated, supplemental 
intravenous fluid, DVT prophylaxis with subcutaneous heparin, as well as early 
mobilization. The urinary catheter is removed on the next day, and most patients are 
able to be discharged within the first 2 days of the procedure. They will be subse-
quently followed up in clinic at 1 week and 6–8 weeks postoperatively.
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7Hilar Control in Laparoscopic Donor 
Nephrectomy: Clips, Staplers and Other 
Methods
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and Kulthe Ramesh Seetharam Bhat

Abstract
Laparoscopic donor nephrectomy (LDN) is today considered the standard of 
care for live kidney harvest in transplantations. Generally those who are consid-
ered fit for an open donor nephrectomy will be able to withstand the surgery by 
laparoscopy. Traditionally right-sided donor kidney, multiple vessels, vessel 
anomalies and obesity have been considered as relative contraindications; how-
ever, with growing skills and practices, they have been rendered obsolete. In this 
chapter, we emphasize on the different methods of hilar control. We highlight the 
techniques, difficulties in hilar control and ways to increase the vein length par-
ticularly on the right side.

7.1  Introduction

Laparoscopic donor nephrectomy (LDN) is today considered the standard of care 
for live kidney harvest in transplantations. Generally those who are considered fit 
for an open donor nephrectomy will be able to withstand the surgery by laparos-
copy. Traditionally right-sided donor kidney, multiple vessels, vessel anomalies 
and obesity have been considered as relative contraindications; however, with 
growing skills and practices, they have been rendered obsolete. In this chapter, 
we emphasize on the different methods of hilar control. We highlight the tech-
niques, difficulties in hilar control and ways to increase the vein length particu-
larly on the right side.
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7.2  Technique and Difficulties with Hilar Control 
and Techniques to Increase Renal Vein Length 
in Laparoscopic Donor Nephrectomy (LLDN)

The procedure of LDN has undergone many developmental stages at transplant 
centres across the globe, and many alterations have been practised to better donor 
and recipient outcomes. LDN is unique as this procedure involves a fit individual 
who has a major organ removed for the benefit of another. There is an overall 
perception in the transplant fraternity that this surgery is fairly safe. The most 
challenging and interesting step during laparoscopic donor nephrectomy is con-
trol of the pedicle [1].

Although previously of limited practice, right laparoscopic donor nephrectomy 
is becoming increasingly popular when left nephrectomy is not indicated [2]. LDN 
can be done either transperitoneal or retroperitoneal on either side, with transperito-
neal being favoured by more institutions worldwide. The vessels are sequentially 
clipped and divided using Weck clips or ligated using the Endo GIA stapler and 
extracted via a Pfannenstiel incision. The pneumoperitoneum is reduced to mini-
mum to confirm haemostasis before closure.

The variation on the right side lies in the requirement of an additional port which 
allows the Endo GIA stapler placement, allowing preservation of maximum length 
of the vein, by taking control at the renal vein – inferior vena caval junction [3]. 
Several modifications exist for increasing the length of the renal vein. The first 
method uses a TA stapler that can fire two lines of staple without cutting. To attain 
further length, the vein is then cut close to the staple line. The stapler is inserted 
through the lateral port, in a parallel to the inferior vena cava. The matching direc-
tion of the stapler with the IVC results in achieving the additional length on the right 
renal vein [2]. Second modification is to divide the right renal vein using a small 
subcostal incision on the right side after mobilizing the right kidney laparoscopi-
cally and placing a Satinsky clamp on the IVC, just medial to the origin of the renal 
vein. A laparoscopic Satinsky clamp may be needed to gain a cuff of IVC, which is 
subsequently sutured intracorporeally [4]. Third description is the use of the saphe-
nous vein from the recipient when the renal vein is short for reconstruction and 
lengthening the renal vein.

7.3  Available Options for Hilar Control

To control the renal hilum, several options exist for the laparoscopic donor surgeon. 
Approximately 70% of the reported centres make use of the stapler on the renal 
artery; centres universally use this device on the renal vein. Hem-o-lok® clip may 
help gain additional length on the renal artery by sidestepping clips or staples on the 
side of the graft, and 28% of centres reported the use of this method. The possible 
alternatives are suture ligature, over sewing or stapling. Techniques that utilize ves-
sel transfixation are technically arduous, time-consuming and challenging [7].
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7.4  Clips

The traditional usage of clips has been perceived with a degree of doubt, owing to 
the reported deaths secondary to postoperative haemorrhage, following LDN since 
2005, attributable to insecure renal artery ligation. This was followed by a safety 
information warning by US FDA in 2011, informing that Hem-o-lok clips are con-
traindicated in ligation of the renal artery in LDN. Recent reports concerning vascu-
lar clips becoming dislodged or tearing vessels leading to haemorrhage and even 
death raise serious concerns about their use in LDN.

Although the package inserts for specific devices caution the use on major ves-
sels, many surgeons do not strictly observe instructions from the manufacturer of 
these devices. Explanations for this include that the unexpected situations in surger-
ies occur less frequently, the development of new applications for devices intended 
for specific use and the natural ingenuity which many innovative surgeons apply to 
the advantage of their patients every day. However, at least one specific device 
should not be applied on the renal artery as there were at least 13 complications due 
to this or a similar device, with all but one complication detected in the late intraop-
erative or postoperative period. Therefore, the package inserts are not necessarily 
wrong in contraindicating the use of these for primary renal artery control. Locking 
clips also did not have any safety benefit as arterial haemorrhage were seen in eight 
patients in either the late intraoperative or postoperative time period [5]. However, 
this must be balanced with the view that for most laparoscopic and robotic radical 
nephrectomies, the Hem-o-lok clips seem to be of standard usage. Given that the 
number of radical nephrectomies is far more common than the donor nephrecto-
mies, we urge the individual departments to take a consensus opinion on the usage 
of hem-o-lok clips.

Most surgeons employ polymer or titanium clips for arterial control and the 
Endo GIA stapler for the vein. However, this stapler is also prone for misfire and is 
not cost-effective. [8]. A 1-mm vascular cuff augments the safety of both the non 
absorbable polymer ligating (NPL) and titanium clips in all-sized blood vessels. 
NPL clip was statistically safer on 10-mm cuffed and uncuffed vessels and 6-mm 
cuffed arteries than the titanium clip. The NPL clip is steadfast and dependable in 
securing both arteries and veins [8]. Moreover, in the senior author’s experience, the 
traction to the kidney, applied while applying clips during laparoscopic donor 
nephrectomy in order to gain length in the artery, has a negative effect like intimal 
tears as well as clip slippage due to tenting of the renal artery at the origin of the 
aorta. Hence, traction should be reduced during clip application.

Usage of the Endo GIA stapler for the hilum has substantial cost burden in com-
parison with only Hem-o-lok clips. The cost of a single Hem-o-lok clip cartridge 
with six clips is about 20 euros, and the additional expenses of sterilizing the clip 
applicator are little, while the disposable Endo GIA stapler with two clip cartridges 
necessary for both the artery and vein is 245 euros [6].

Hem-o-lok technique is quicker than applying the Endo GIA, and the whole 
procedure of dissection, ligation and division can be done within 10 min. It is 
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technically simpler than using the Endo GIA, especially in the retroperitoneum with 
limited space when the kidney is approached retroperitoneally [6].

Hem-o-lok clips permitted a substantial length of the renal vein to be removed 
during LDN since the applicator is not bulky and less problematic to apply over the 
vein when compared to the Endo GIA. A supplementary advantage of the Hem-o- 
lok clip is that it can be introduced via a 10-mm port, but a 12-mm port is compul-
sory for the other, and its usage was found to be accompanied with less tremor, the 
reason being probably the fact that the Endo GIA has a 5-mm stem through the 
larger port [7].

Intraoperative clip malfunction is not infrequent. Two cases of perioperative clip 
dysfunction during laparoscopic donor nephrectomy with the techniques to control 
them have been described. In one such case of left-hand-assisted LDN, the clips 
placed on the renal artery slipped, and the surgeon compressed the source of bleed-
ing using his finger following which an occlusion balloon catheter was introduced 
through the femoral artery and advanced to the origin of the renal artery. With the 
control of haemorrhage, the renal artery stump was repaired by laparoscopic sutur-
ing, thus avoiding conversion to open. In the second incident, the stump length was 
long enough for clips to be placed again [8].

Elliot et al. studied the bursting pressures in various procedures of renal 
artery control and probable failure mechanism on porcine models. The mean 
bursting pressures for the clips were found to be higher than the normal arterial 
pressures (1220–1500 mmHg). But the vessels closed with the stapler had leak 
at low pressure (262 mmHg). Retraction of the vessel into and behind the clip 
was the reason for bleeding when titanium or the self-locking polymer clips 
were used, while it occurred in between the individual staples in the staple line. 
The number of clips or the stump length did not affect the bursting pressures 
with the titanium or polymer clips. It was consequently concluded that improved 
safety was not guaranteed with the traditional measures of additional cuff length 
or clips [9].

Kapoor et al. reported in 246 laparoscopic nephrectomies with arterial and 
venous control obtained via Hem-o-lok clips only (2 on the patient side). There 
were no cases of reported blood transfusion attributable to clip failure [10].

7.5  Staplers

The complication rate of around 2% exists when using staplers for renal vein liga-
tions, which are complications like open conversion (20–27%) and blood transfu-
sion (15%). The main reasons of associated complications are due to poor 
technique of instrumentation or due to the use of staples with incorrect width. For 
an adequate positioning of staple before ligation, at least 3 cm of the vein should 
be dissected, to reduce complication rates. This is relatively tedious on the right 
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side particularly due to short renal vein. It must be ensured that earlier positioned 
clips used for the three tributaries should be avoided on the left side, as it may 
hinder the proper application of the Endo GIA stapler by getting trapped between 
the jaws of the stapler. Only about less than 0.3 and 0.5% have been found to 
primarily malfunction [11].

Ryan SA Hsi et al. reported a review on failure to describe the mechanisms of 
clip and stapler failure during LDN. Ninety-two cases of complications due to 
device malfunction were identified, out of which 59 (64%) were due to endoscopic 
stapler failure, 21 (23%) due to titanium clip failure and 12 (13%) due to locking 
clip failure. The most common mechanisms for failure of stapler were either missed 
or poorly formed stapler lines (51%) and failed stapler release (25%). The most 
common titanium clip-related failures were due to scissoring or disfigurement of 
clips (52%), jamming (19%) and slippage (14%). It is estimated that the overall 
failure rate for titanium clips was about 4.9%, about 3% for staplers and about 1.9% 
while using locking clips [12].

Though the endovascular GIA staplers are convenient during laparoscopic 
nephrectomy, it may malfunction leading to substantial blood loss and consequent 
open conversion. Most problems could be circumvented with diligent application 
and early detection [11].

Ko et al. in their 10-year analysis of laparoscopic donor nephrectomy pro-
gramme of 400 cases reported four stapler-related dysfunctions; all were on the left 
side, two of which had to be converted to open to attain haemostasis. It was con-
cluded that the Endo GIA stapler is safe for both the left and right LDN. Endo GIA 
stapler has now standardized the procedure, thus reducing the need for supplemen-
tary manoeuvres in safeguarding the renal hilum, meanwhile producing similar 
outcomes [9] (Figs. 7.1 and 7.2).

Fig. 7.1 Hem-o-lok™ 
clips. The cardinal rules for 
application of these clips 
are as follows: (1) The 
knob of the clip should be 
seen. (2) The click of the 
clip should be heard. (3) 
The vessel to be clipped 
should be circumferentially 
dissected. (4) Two clips 
should be applied always 
on the patient side. (5) A 
cuff of 2 mm should be 
kept beyond the clip

7 Hilar Control in Laparoscopic Donor Nephrectomy



78

7.6  Other Alternatives for Hilar Control

Numerous substitutes for renal vein ligation other than the Endo GIA stapler have 
been described while developing laparoscopic nephrectomy. Kadirkamanathan 
described the placement of knots on the renal hilar vessels intracorporeally [13]. 
Ultrasonic scalpel and bipolar device have been tried on a porcine model success-
fully [14]. Nevertheless, these techniques were deemed to be unpredictable.

Janetschek et al. described a technique of extracorporeal knots to reduce its 
diameter prior to the application of Hem-o-lok clips and effectively used this 
technique for 20 nephrectomies [15]. A knot pusher was used to push the knot 
down around the renal vein, although this was accomplished with precision to 
avoid any injury to the vein. On an average, 2 min was needed for placing knots, 
thus preventing its application during LDN to reduce the warm ischaemia time. 
Lately, modifications to this technique included manual constriction of the renal 
vein before the application of Hem-o-lok clip [16].

Numerous variations have been proposed to easily and safely harvest the right 
kidney via laparoscopic approach. Gill et al. have reported right-sided donor 
nephrectomy via retroperitoneoscopy. An Endo GIA stapler was used for dividing 
the renal vessels following which bench dissection was performed to free the hilar 
vessels, thus gaining additional length for the vascular anastomosis [17]. Lee et al. 
described a laparoscopic-assisted technique where a horizontal incision of 8 cm was 
placed in the upper quadrant on the right side which was used to pass a Satinsky 
clamp over the IVC, and the same was used for vessel control, kidney extraction and 
repair of cavotomy [18].

A modified Satinsky atraumatic vascular clamp, intended for thoracoscopic 
 procedures, has been used for the purpose of right-sided nephrectomies 

Fig. 7.2 The staplers 
should be applied only in 
completely dissected 
vessels
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(Figs. 7.3 and 7.4). A tiny incision is placed to the right side of the anterior superior 
iliac spine and is used to clamp the IVC and divide the adjacent renal vein with scis-
sors. This modified instrument is longer than the routine clamp and is inserted with-
out trocar into the peritoneum. The IVC is sutured laparoscopically with 3-0 running 
PDS suture prior to the clamp removal. Also, Scandinavian surgeons sidestep diffi-
cult anastomosis due to short renal vein by dividing the internal iliac vein, thus 
helping them to deliver the external iliac veins to the superficial wound, thus speed-
ing up the anastomosis [4].

Regardless of the method of vascular control employed, the major vessels should 
be dissected all around, prior to securing them (Fig. 7.5).

Fig. 7.3 Satinsky clamp

Fig. 7.4 The application 
of the Satinsky clamp 
helps in gaining vein 
length. The vein length is 
gained by procuring the 
cuff of the vena cava
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 Conclusions

Laparoscopic donor nephrectomy is the preferred mode of renal procurement, 
and it demands more surgical skill compared to conventional open donor 
nephrectomy. The need for adequate length of the renal artery on the left side 
forces the surgeon to use a short renal artery stump. The need for securing the 
gonadal, lumbar and adrenal venous tributaries makes the situation difficult. The 
right side poses a problem with the short length of the renal vein.

Nonlocking polymer clips, locking clips, vascular staples and ligatures are uti-
lized in today’s scenario by different institutes, but none of them are considered 
foolproof. Stapling devices pose probability for missing or malformed staple lines 
and failure to release. In early branching renal arteries, surgeons find it technically 
challenging to get multiple renal arteries with graft rather than get the proximal end 
with single stem. Stapler and NPL are far more expensive than titanium clips. NPL 
clips increase the graft length; locking mechanism increases security. Titanium 
clips pose the risk of scissoring, malformation, jamming and dislodgement [19].

It is now decisively established that surgeons must be conversant with and 
foresee the likely issues that might crop up with all the techniques employed to 
control the renal hilum. Know-how of the probable device malfunction which is 
identified and necessary response can limit the morbidity of donor if they occur. 
Finally, it is the responsibility of the donor surgeon to advocate safe practices and 
actively participate in the manufacturing process for constant improvement of 
the safety of present devices [12].
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8Retroperitoneoscopic Donor 
Nephrectomy

S.J. Rizvi and P.R. Modi

Abstract
Since the first living-related kidney transplant in 1965, removal of the donated 
kidney was done by an open operation [1, 2]. Ways to minimise the morbidity of 
access included video-assisted mini-incision donor nephrectomy [3]. 
Laparoscopic donor nephrectomy (LDN) was first described by Ratner et al. in 
1995 [4] and was accomplished by the transperitoneal route. This operation can 
be done by transperitoneal or retroperitoneal route. In this chapter we allude to 
the nuaces of port placement, dissection and troubleshooting in retroperitoneo-
scopic donor nephrectomy.

8.1  Introduction

Since the first living-related kidney transplant in 1965, removal of the donated kid-
ney was done by an open operation [1, 2]. Ways to minimise the morbidity of access 
included video-assisted mini-incision donor nephrectomy [3]. Laparoscopic donor 
nephrectomy (LDN) was first described by Ratner et al. in 1995 [4] and was accom-
plished by the transperitoneal route. In the last two decades, this procedure has 
come to be considered the standard of care for living kidney donation. However like 
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any other surgical operation, LDN has associated morbidity and mortality. This is of 
particular concern as the operation is performed on a normal individual motivated 
by altruistic considerations.

Thus there is a constant effort to look for refinements of technique that can result 
in greater patient safety and comfort while ensuring optimum graft retrieval. Hand- 
assisted retroperitoneoscopic donor nephrectomy was described as a way to provide 
minimal access while avoiding entering the peritoneal cavity and its potential 
sequelae [5–7]. It has been described as a useful technique in centres with limited 
experience of laparoscopy and retroperitoneoscopy. Mini-incision donor nephrec-
tomy has been described in an attempt to minimise morbidity of access while main-
taining donor safety [8].

In 1992 Gaur described retroperitoneal laparoscopic surgery [9]. The first retro-
peritoneal laparoscopic donor nephrectomy (RLDN) was described in 2000 by Gill 
[10], following demonstration of feasibility in a porcine model. It is not used as 
widely as transperitoneal laparoscopic donor nephrectomy, probably because of 
unfamiliarity with retroperitoneoscopy. RLDN gives quick and direct access to the 
renal vasculature. The lumbar vessels on the left side are excellently visualised. 
There is no manipulation of intra-abdominal viscera; this results in less postopera-
tive pain and ileus in the short term and a reduced risk of complications related to 
adhesions in the long term. The risk of iatrogenic bowel injury is minimised. 
Postoperative collections of blood, lymph or chyle are localised and easier to 
manage.

Indications and contraindications: RLDN may be considered for nearly every 
living kidney donor. Retroperitoneoscopy is technically challenging in patients who 
have had prior open renal surgery; however it would be unusual for such an indi-
vidual to be a kidney donor. Donors with all arterial and venous anomalies can be 
optimally managed with RLDN, as it provides excellent exposure to the vessels. 
The decision to accept a donor with vascular anomalies depends on the experience 
of the operating team. There are few if any contraindications to RLDN.

Preoperative preparation: Standard institutional protocol includes hemogram, 
kidney and liver function tests, urinalysis, lymphocyte crossmatch and single anti-
gen test to detect donor-specific antibodies. We perform a nuclear renal scan for 
differential renal function and a CT renal angiography with CT IVP to delineate 
donor arterial, venous and collecting system anatomy. High BMI individuals are 
encouraged to lose weight prior to donation. Donors with conditions such as hyper-
tension, obesity, stone disease, etc. are taken in accordance with the Amsterdam 
guidelines [11].

Side selection: The left kidney is preferred in view of the longer left renal vein. 
The right kidney is selected for reasons such as multiple left-sided renal arteries, 
differential renal function favouring the left kidney or pathology such as cysts or 
calculi affecting the right kidney.

Perioperative management: Donors are hydrated overnight with intravenous flu-
ids. Compression stockings are applied prior to positioning to reduce the risk of 
deep vein thrombosis and pulmonary embolism. Intraoperatively circulating vol-
ume is maintained with crystalloid and colloid solutions. IV mannitol is given intra-
operatively. We do not heparinise the donor prior to control of the renal artery.
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Armamentarium: No special surgical or laparoscopic instruments are required. Small 
cat’s paw retractors are useful for creation of the first port. Proprietary energy sources 
such as LigaSure™, Harmonic Scalpel™ or Thunderbeat™ are useful adjuncts.

Checklist of instruments:

For retroperitoneal access:
Small right-angled retractors
Blunt gauze dissector (peanut)
Balloon

Laparoscopic instruments (5 mm)
Five and 10 mm ports
Blunt suction
Laparoscopic hook
Maryland forceps
Blunt-tipped forceps
Right-angled forceps
Scissors
Five and 10 mm polymer clip applicators

Energy sources
Monopolar electrocautery
Bipolar electrocautery
Ultrasonic energy (e.g. Harmonic Scalpel®)
Bipolar sealing devices (e.g. LigaSure®, Thunderbeat®)

Balloon: The indigenously made balloon as described by Gaur is cost-effective 
and efficacious. It consists of a 12 Fr. plastic catheter with two fingers of a size 8 
surgical glove securely tied to the end using silk ties (Fig. 8.1). In our experience we 

Fig. 8.1 Indigenously 
made balloon with syringe 
for inflation
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have never had failure of retroperitoneal access due to balloon malfunction. A vari-
ety of commercially manufactured balloons are available and may be used.

Steps for left RLDN. Differences for right-sided procedure are described 
subsequently.

Position: The patient is catheterised and placed in a standard flank position on 
the edge of the operating table. The flank muscles are placed on stretch by breaking 
the table or using a bridge (Fig. 8.2). Secure fixation is achieved by using adhesive 
tape or broad straps. The patient is draped to include the tenth rib and the ipsilateral 
groin in the operative field.

Port placement: Port placement (Fig. 8.3).
The landmarks are as follows:

 1. Paraspinous muscles
 2. Costal margin

Fig. 8.2 Position for right RLDN
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Fig. 8.3 Port placement for right RLDN
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 3. Iliac crest
 4. Mid-axillary line

Port sites:

 5. First port (10 mm): 1 cm below intersection of costal margin and mid-axillary 
line

 6. Second port (10 mm): renal angle, at least three fingerbreadths distant from first 
port

 7. Third port (5 mm): three fingerbreadths anterior to first port, forming a straight 
line with the other ports

STEPS: Open access to the retroperitoneum is carried out by placing a 1.5 cm 
incision. The lumbodorsal fascia is similarly incised, allowing the paranephric fat to 
be seen. Craniocaudal movement to the paranephric fat with respiration aids in its 
identification. A peanut is used to sweep the Gerota’s fascia and its contents anteri-
orly off the psoas muscle, to create space for a balloon. The balloon is inserted in the 
retroperitoneum and inflated with saline to create the retroperitoneal space. About 
500 ml of saline is used. A palpable lump confirms the extraperitoneal situation of 
the balloon. The balloon is then deflated and removed and must be visually inspected 
to ensure intactness (Fig. 8.4).

Fixation sutures of no.1 silk are taken, preferable incorporating some of the mus-
cular fascia. However this might be difficult in an obese donor and may be omitted. 
The port is inserted and insufflation with C02 started. The 10 mm laparoscope is 
then inserted into the retroperitoneum and intactness of peritoneum confirmed. The 
scope is withdrawn 1 cm into the port and the port withdrawn until the fascial edges 
are visualised and then slightly advanced until the edges are no longer seen. This 
ensures that the inner end of the port is at the edge of the operative field and maxi-
mises the visual field. The port is then fixed by securely tying the fixing sutures 

Fig. 8.4 Creation of first 
port
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around it. This step is unnecessary if using self-retaining ports. The laparoscope is 
inserted and rotated to the 30 ° up position to view the abdominal wall anterior to it. 
The reflected edge of the peritoneum should be looked for, and digital pressure on 
the site of the second port should confirm that the site of entry is posterior to the 
peritoneal reflection (Fig. 8.5); a 5 mm port is inserted and fixed securely. The 
vision is now directed posteriorly and inferiorly and the site confirmed by digitally 
indenting the skin over the renal angle. Overlying adherent paranephric fat or 
Gerota’s fascia may be swept away using blunt or sharp dissection with an instru-
ment inserted through the second port. A 10 mm port is inserted. The insufflation 
tube is shifted to this port and pneumoperitoneum maintained at 12–15 mmHg.

Landmarks: The major landmark in retroperitoneal laparoscopy is the psoas 
muscle (Fig. 8.6). This should be prominently seen and kept in a horizontal orienta-
tion at all times. Gerota’s fascia is seen anterior to the psoas muscle, although it may 

Fig. 8.5 Insertion of 
second port showing 
peritoneal reflection

Fig. 8.6 The psoas muscle 
is the most important 
landmark in RLDN
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be obscured by abundant paranephric fat. Anterior to this the peritoneal reflection is 
seen. Using an energy source, the Gerota’s fascia is incised from the mid-ureter to 
the upper pole of the kidney, close to the psoas muscle (Fig. 8.7). This brings the 
perinephric fat, ureter and tissue surrounding the renal hilum into view. The ureter 
is bluntly dissected, keeping the periureteric fascia intact. Energy may be used spar-
ingly to control the segmental blood supply. It is not necessary to remove the 
gonadal vein along with the ureter.

The kidney is elevated using a blunt instrument in the 5 mm port, thus placing the 
renal hilum on stretch. Preservation of the posterior layer of perinephric fat cushions 
the renal parenchyma from injury due to the lifting instrument. Hook with electro-
cautery or bipolar energy is used to divide the fibro-lymphatic tissue overlying the 
renal hilum (Fig. 8.8). This step brings the renal vein with its tributaries and the 
renal artery into view. The pattern of renal vein tributaries on the left side is 

Fig. 8.7 Incision of 
Gerota’s fascia

Fig. 8.8 Dissection of the 
renal hilum
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variable, and therefore the anatomy should be clearly delineated prior to division of 
any vessel. The lumbar vein is a posterior tributary of the renal vein and is often 
closely applied to the renal artery as it courses into the posterior abdominal wall 
(Fig. 8.9). Care should therefore be taken to achieve separation from the renal artery 
before application of energy. This vessel may be divided between 5 mm titanium or 
polymer clips or sealed and divided using energy sources such as LigaSure. The 
distal gonadal vein is traced until its confluence with the renal vein, where it may be 
controlled and divided or retained as a stay to keep the renal vein stretched and 
facilitate its dissection.

A combination of blunt and sharp dissection is used to bare the proximal renal 
artery and a few millimetres of the aorta surrounding its origin (Fig. 8.10). Great care 
should be taken to avoid thermal injury to the renal artery. The posterior layer of 
perinephric fat may be excised using hook electrocautery, thereby baring the 

Fig. 8.9 Dissection of 
lumbar veins, showing the 
excellent access afforded 
by RLDN

Fig. 8.10 Dissected renal 
artery and vein, in a donor 
with two renal arteries. a 
Artery, v vein
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posterior surface of the kidney. The kidney is progressively mobilised from the upper 
to the lower pole anteriorly, and the kidney is pushed inferiorly and posteriorly. Care 
should be taken not to unduly stretch the renal artery. Vessels coursing towards the 
adrenal gland from the hilum should be controlled and divided. The renal vein can be 
dissected medially at this stage as the kidney is flipped posteriorly.

The lower pole is then flipped laterally and superiorly and dissection commenced 
in a plane between the periureteric fat and the peritoneum. Care must be taken to avoid 
injury to the ureter and peritoneum. This lateral displacement completes the mobilisa-
tion of the kidney and separation from the peritoneum. Any remaining attachments 
can be divided, including the gonadal vein if not previously done. The ureter is clipped 
as low as possible and divided using cold shears just proximal to the clip.

A 6–7 cm long incision is made about 1.5 cm superior and parallel to the inguinal 
ligament. The external oblique fascia is sharply divided and the transversus abdomi-
nis and internal oblique fibres split to expose the preperitoneal fat, which is kept 
intact to minimise loss of CO2. The wound is packed with a wet mop to minimise 
gas loss.

The renal artery is first controlled with a stapler or two polymer clips [12] and 
divided with Endo Shears. When polymer clips are used, care must be taken to leave 
at least 2–3 mm stump of the renal artery beyond the clip. The artery must be dis-
sected cleanly all around, and a distinct click sound should be heard at the time of 
application of the clip. The renal vein is then put on stretch and similarly controlled. 
Care should be taken during control of the renal vein not to dislodge clips on the 
arterial stump. Security can be augmented by using a combination of polymer and 
titanium clips [13]. The surgeon’s left hand is then inserted into the extraction inci-
sion and the kidney retrieved, placed in ice slush and perfused.

The retrieval incision is closed in layers. Pneumoperitoneum is re-established 
and the retroperitoneum inspected for haemostasis and appropriate measures taken 
to control bleeding vessels. Inspection should be performed with a pneumoperito-
neum of 5 mmHg to look for venous bleeding which could be tamponaded by higher 
gas pressures. It is our practice to clip large lymphatic tissue around the renal artery 
stump to minimise chances of lymphatic or chylous collections, which are a rare but 
serious complication of left donor nephrectomy. These vessels may sometimes by 
observed to ooze milky fluid. The second and third ports should be removed under 
vision. An attempt should be made to close the sheath of the camera port, but this 
may be difficult in individuals with abundant subcutaneous tissue and may be omit-
ted. The skin is closed with Monocryl subcuticular sutures.

8.2  Modifications for Right-Sided RDN

Additional port: 12 mm port is placed 1 cm superior to the iliac crest and 1 cm posterior 
to the mid-axillary line (Fig. 8.11). Dissection proceeds in a manner similar to the left-
sided nephrectomy. The gonadal vein should be identified till its confluence with the IVC 
and separated from the ureter to minimise chances of avulsion. The renal artery can be 
dissected for a considerable distance posterior to the IVC. The renal vein is dissected, 
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clearing the IVC around its confluence, and for a few centimetres in a cephalic direction 
to allow the tented caval wall to be pulled up into the stapler. After division of the artery, 
a laparoscopic TA stapler is passed through the 12 mm port. The kidney is elevated to put 
the renal vein on stretch, and the stapler fired as low on the vein as possible, incorporating 
a cuff of IVC in the staple line [14] (Fig. 8.12). The stapler is removed and Endo Shears 
used to divide the tissue on the graft side of the staple line.

8.3  Troubleshooting

Obesity leading to difficulty in accurate creation of first port: Sometimes abundant 
subcutaneous fat can make it difficult to create a small incision in the flank muscles. 
In this situation the skin incision may be enlarged to allow good visualisation of the 

Fig. 8.11 Placement of 
fourth port in right-sided 
RLDN

Fig. 8.12 Tenting of the 
IVC prior to applying the 
stapler on the right renal 
vein
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muscular layers. Airtightness of this port depends on a small opening in the muscles 
which is snug around the port, and not on a small skin incision. This is less of a 
concern if using ports with a self-retaining balloon.

A large first port with gas leak: Leakage from a loose first port can lead to surgi-
cal emphysema and gas loss. This problem can be solved by inserting a piece of 
plain or alternatively petroleum jelly-impregnated gauze beside the port and tying 
the stay sutures tight, thus preventing leak.

Anatomy obscured by plentiful retroperitoneal fat: Temporary elevation of gas 
pressure may improve visibility. An attempt should be made to ascertain whether 
the fat is paranephric (outside Gerota’s fascia) or perinephric (inside Gerota’s fas-
cia). Paranephric fat may be excised taking care not to injure the peritoneum. 
Excision of paranephric fat must be done with Harmonic Scalpel or LigaSure to 
avoid bleeding. Following excision of paranephric fat placing it in the lower part of 
the space, the Gerota’s fascia is visualised and can be opened close to the psoas 
muscle.

Minor bleeders in the renal hilum: A pledget of gauze applied for a few minutes 
is usually efficacious in causing haemostasis.

Peritoneal rent causing loss of pneumoretroperitoneum: A Veress needle is 
placed in the peritoneal cavity to reduce intraperitoneal pressure. If this is ineffec-
tive, the tear may be closed by applying a row of 5 mm clips to approximate the 
edges.

RLDN in special situations: RLDN is effective in donors with multiple renal 
arteries [15] (Fig. 8.10). It has also been used in cases with precaval renal arteries on 
the right side [16], multiple right renal veins [17] and IVC duplication with short 
left renal veins [18]. Excellent exposure of renal vasculature facilitates management 
of anomalous vessels.

8.4  Discussion

Laparoscopic donor nephrectomy is now widely used and has the advantages of reduc-
ing donor morbidity, shortening time to return of normal activities [19] and reducing 
disincentives to living kidney donation [20]. However safety concerns persist, and 
adverse events occur and are probably under-reported [21]. LDN converts what was 
traditionally an extraperitoneal operation into a transperitoneal one, with potential for 
bowel-related complications. Thus a technique which combines the advantages of a 
minimal access approach with the advantages of an extraperitoneal operation would 
seem to be advantageous. RLDN offers rapid exposure of the Gerota’s fascia and its 
contents. The renal hilum is directly visualised, and the distance between the ports and 
the vessels is less, allowing more precise movements and better visualisation.

In RLDN intraperitoneal viscera such as the small bowel, liver and spleen are 
kept out of the operative field and less likely to be injured. In addition postoperative 
ileus may be less than in LDN as bowel is not manipulated. The major cause of 
readmission after living donor nephrectomy is bowel related, including ileus, vomit-
ing and abdominal distension [22].
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A number of large series of RLDN attest to its safety and efficacy. Yoshimura et al. 
[23] compared RLDN with open donor nephrectomy ODN. They found similar warm 
ischaemia times, longer operative time and shorter hospitalisation time for RLDN. There 
were no instances of delayed graft function in patients who underwent RLDN. Similarly 
Bachmann et al. found no statistically significant differences in recipient outcome, 
operative time and cold ischaemia time in a retrospective non- randomised comparison 
of RLDN and ODN [24]. Tanabe et al. reported their experience with 135 consecutive 
donors who underwent RLDN [25]. In this series return of bowel function took 
0.7 days, 4.9 days to discharge and 12 days to return to work. There was one conversion 
and no major complications and all grafts showed primary function. Kohei et al. 
reviewed 425 RLDNs performed at a single centre [26]. All recipients achieved normal 
serum creatinine levels, and 1-year graft survival was 98.2%. RLND is associated with 
significantly reduced postoperative pain compared to ODN [27]. Ruszat et al. com-
pared RLDN with ODN, LDN and hand- assisted LDN [28]. They reported that RLDN 
had significantly shorter operative times compared to LDN and HLDN. Warm isch-
aemia time was shorter with ODN and RLDN compared to LDN. RLDN had less 
blood loss and shorter hospitalisation that LDN in their series.

Bachmann et al. compared early complications of RLDN with ODN and found 
no significant difference in major and minor complications in the two groups [24]. 
Tanabe et al. in a series of 135 cases encountered no major complications and six 
minor complications including pulmonary embolism which was managed conserva-
tively and transfusion requirement in one patient [25]. Similarly Ruszat et al. found 
no significant differences in complication rates when they compared ODN, LDN, 
RLDN and hand-assisted RLDN [28]. Ma et al. reported no blood transfusion or 
conversion in a series of 138 patients and found a decline in complication rates from 
22.5 to 7.5% from the first 40 donors to the second 40 donors, suggesting the learn-
ing curve for RLDN [29]. Kohei et al. reported one conversion and an overall com-
plication rate of 4.9%. One donor had a nonfatal pulmonary embolism and no donor 
required readmission [26]. No mortality was reported in any of these series.

Obesity is not a contraindication to RLDN, and indeed RLDN has certain advan-
tages in this population of donors. While in the flank position, the pannus of fat falls 
towards the contralateral side and away from the flank. This is of advantage in obese 
donors, in whom abundant fat can obscure landmarks and make port placement dif-
ficult. In contrast, in LDN, the fat pannus falls towards the site of port placement.

RLDN can be safely used in right donor nephrectomy [30, 31]. Control of the right 
renal vein is problematic, and some published series of LDN have low numbers of right-
sided kidneys [32]. RLDN allows the stapler to be deployed parallel to the IVC, thus 
making it possible to place the staples on the IVC and avoiding loss of renal vein length, 
and taking a cuff of the IVC, which makes suturing easier during the recipient operation 
[14]. Retro-caval dissection of the right renal vein is facilitated, and the dissection can be 
carried till the origin of the right renal artery on the aorta if necessary. This is of benefit 
in cases with early branching of the right renal artery where it is desirous to get a com-
mon stump, which would necessitate an inter-aortocaval dissection in LDN.

Being an extraperitoneal operation, in RLDN postoperative collections are con-
fined to the retroperitoneum. Chyloperitoneum following laparoscopic donor 
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nephrectomy is attended by considerable morbidity and can require reoperation for 
its management [33]. Chyloretroperitoneum following RLDN is more likely to be 
amenable to nonoperative management [34]. In the event of catastrophic postopera-
tive loss of vascular control, bleeding would be limited to the retroperitoneal space, 
and a tamponade effect would limit the extent of blood loss.

Port-site hernia is unlikely following RLDN as the intact peritoneum and retro-
peritoneal fat prevent herniation of intra-abdominal viscera.

Pneumoperitoneum has been shown to reduce renal blood flow and may contrib-
ute to ischaemia of the renal graft [35]. Chiu et al. reported that the effect of unilat-
eral pneumoretroperitoneum is less than of pneumoperitoneum [36]. It is critical to 
keep gas pressures as low as possible to optimise graft function.

RLND does not require any special instruments that are not available in any sur-
gical set-up that routinely performs laparoscopy. The balloon is indigenously made 
and low cost, and no special disposables are required. This is of importance in 
developing countries, where cost considerations are critical [37].

RLND is still not as widely practised as LDN. Reasons for this include unfamil-
iarity with retroperitoneal anatomy and unfamiliarity with laparoscopy among sur-
geons without a urological background, as well as concerns about graft function and 
donor safety. At our institute we have performed over 2,500 RLDNs since 2003. 
Retroperitoneal laparoscopy should be easily adopted by urologists as they are famil-
iar with retroperitoneal anatomy. We perform retroperitoneal laparoscopy regularly 
for indications such as ablative nephrectomy, radical nephrectomy, partial nephrec-
tomy, adrenalectomy and ureterolithotomy. Our trainees and junior consultants fol-
low a graded introduction or RLDN, where they perform non-donor retroperitoneal 
laparoscopy, assist an experienced surgeon in RLDN and perform the operation 
under supervision and then independently. A number of our trainees are now practis-
ing RLND at other centres in India. We believe that RLDN is a safe operation that 
results in good donor and recipient outcomes. It can be taught and replicated and is a 
technique that deserves to be popularised among the transplant community.
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9Laparoendoscopic Single-Site Surgery 
Donor Nephrectomy (LESS DN)

Pradeep Rao and Abraham Kurien

Abstract
Laparoscopic donor nephrectomy is now the gold standard in retrieving grafts 
from living donors. LESS DN is not much different from the standard laparo-
scopic technique. The surgical view and steps of both surgeries are the same. The 
main difference would be the singular skin incision and its consequence. The 
consequence to the patient is lesser pain, faster return to normal activity, and 
improved cosmesis. The consequence to the surgeon is the challenge of the 
learning curve. If eating with hands and eating with fork and spoon were open 
donor nephrectomy and laparoscopic donor nephrectomy, respectively, then eat-
ing with chopsticks is LESS DN! The learning curve is in understanding and 
overcoming the restriction in hand movements. The chapter takes the reader 
through the challenges and technique of LESS DN.

9.1  What Is LESS DN?

Laparoendoscopic single-site surgery donor nephrectomy (LESS DN) is a result of 
natural development of minimally invasive surgery to further decrease morbidity to 
the donor and a move in the direction toward a scarless surgery. Standard laparo-
scopic donor nephrectomy (LDN) was first reported in 1995 [1]. It was an attempt to 
reduce the morbidity for a group of people undergoing surgery for purely altruistic 
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reasons. Over the next few years, LDN increased the donor pool and became accepted 
as the gold standard for donor nephrectomy [2–4]. In LESS DN, donor nephrectomy 
is performed through ports deployed through a single small incision with extraction 
of the graft also through the same incision. As with most other LESS procedures, the 
aim is to improve cosmesis as well as reduce pain for the donor.

9.2  Terminology

The first report of single-port nephrectomy was in 2007 [5]. Since then, most abla-
tive and reconstructive urologic surgeries have been performed using this 
technique.

Various terminologies were applied for this method of single-site surgery including 
single-port access (SPA), one-port umbilical surgery (OPUS), natural orifice transum-
bilical surgery (NOTUS), transumbilical endoscopic surgery (TUES), transumbilical 
laparoscopic-assisted (TULA) surgery, and embryonic natural orifice transluminal 
endoscopic surgery (ENOTES). To determine a universally acceptable name for sin-
gle-incision laparoscopic surgery, a multidisciplinary consortium of experts, the 
Laparoendoscopic Single-Site Surgery Consortium for Assessment and Research 
(LESSCAR), met in 2008. The consortium determined that “laparoendoscopic single-
site surgery (LESS)” was both scientifically accurate and colloquially appropriate, 
and, therefore, the term was ratified by the NOTES Working Group of the 
Endourological Society and was adapted as the future standard for the reference [6].

There were two distinct techniques of access used under this umbrella of LESS, 
by using various access devices which permitted multiple instruments or by using 
three to four separate trocars through a single site, either umbilical or through a 
Pfannenstiel incision. Both these approaches have been used for LESS DN [7, 8].

9.3  Problems with LESS Donor Nephrectomy

The technique of LESS donor nephrectomy is more challenging as compared to 
LDN. Studies comparing LESS DN versus LDN have noted that LESS DN is more 
challenging [9, 10]. Any new technique is never without challenges. Understanding 
these challenges is very important in overcoming them.

9.3.1  Extracorporeal Challenges

9.3.1.1  Clashing of Surgeon’s Own Hands
Laparoscopic surgery is counterintuitive. Working ports are placed next to each 
other and are usually aligned craniocaudally, with the patient in a lateral position. 
To move the intracorporeal working end of the instrument cranially, the hand hold-
ing the instrument extracorporeally is moved in the caudal direction and vice versa 
(Fig. 9.1).
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In LESS DN, since both hands are held close to each other, in a craniocaudal 
working port arrangement, the caudal hand restricts the caudal moment of the cra-
nial hand. Similarly, the cranial hand restricts the cranial movement of the caudal 
hand. There is no restriction to either hand to move medially or laterally with ports 
in the craniocaudal axis. Similarly, if the working ports are arranged in a medial- 
lateral axis, the lateral hand will restrict the lateral movement of the medial hand, 
and similarly the medial hand will restrict the medial movement of the lateral hand. 
There is no restriction to either hand to move cranially and caudally with ports in the 
medial-lateral axis. Understanding this extracorporeal restriction of hand movement 
is crucial in modifying your hand movements in LESS.

9.3.1.2  Clashing of Surgeon’s Hands with Cameraman’s Hands
Clashing of the surgeon’s hands with the cameraman’s hands is a possibility in 
LESS DN due to the close proximity of the camera port to the working ports. So, 
depending upon the location of the cameraman’s hand, the movement of the sur-
geon’s hands in that direction would be restricted.

9.3.1.3  Damage to Accessory Equipment
In LESS DN, the window of entry to the abdomen is narrow. Apart from surgeon’s 
and assistant’s hands, the limited extracorporeal space is packed with the instru-
ments and accessories including various cables, cords, and tubings. If not careful, 
some of these accessories like the light cable can easily get damaged between clash-
ing working instruments. We have found video laparoscopes which have in-line 
light cables causing the least amount of clashing with the instruments.

9.3.2  Intracorporeal Challenges

9.3.2.1  Lack of Triangulation
Triangulation is one of the fundamental concepts of laparoscopic surgery, as it per-
mits traction and counter traction on tissues to facilitate dissection along anatomical 
planes. A comfortable triangulation, with two ports kept many centimeters apart like 

Fig. 9.1 Clashing of instruments and hands. Learn to hold instruments in a different manner so to 
avoid clashing of hands
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in LDN, is not achieved with LESS DN. When you are dissecting head-on with 
hands held close to each other, the angle of triangulation is very acute. When the 
hands holding the instruments are not held close to each other, the instruments tend 
to cross each other. The instrument held by the right hand crosses over to the left and 
vice versa.

9.3.2.2  Lack of Assistant Retraction Ports
In LDN, the uretero-gonadal packet can be retracted away by an assistant with an 
instrument inserted through a lateral port, achieving gentle traction while dissecting 
the pedicle. Similarly, instruments can help in retracting other organs like the bowel, 
spleen, and liver to improve your vision on the area of dissection as and when required 
by placing appropriate extra ports. These assistant retraction ports can be placed in 
LESS DN but will further contribute to the clashing of hands and instruments.

9.3.3  Solutions to the Problems

9.3.3.1  Switching of Ports
The extracorporeal clashing of surgeon’s hands to a certain extent can be avoided by 
switching the instrument ports. The caudal hand instrument is shifted into the cra-
nial port, and the cranial hand instrument is shifted to the caudal port. So the domi-
nant instrument held by the right hand (by a right handed surgeon) is now held by 
the left hand. The retraction instrument is held by the right hand. The surgeon should 
develop skills to do few surgical steps with the nondominant hand. If the surgeon is 
uncomfortable in operating the dominant instrument with the left hand, he may 
cross the hands extracorporeally. By crossing hands, the dominant working instru-
ment can continue to be operated by the dominant hand. Another option which is 
possible in some access device is to switch the orientation of the working ports from 
a craniocaudal arrangement to a medial-lateral configuration (Fig. 9.2).

9.3.3.2  Use Instruments of Differing Lengths
Another way to prevent clashing of hands is to use instruments of different lengths. 
So one instrument can be of standard length, while the other instrument is of bariat-
ric length. The hands will then be kept away from each other extracorporeally, by 
keeping them in different planes of movement (Fig. 9.3).

9.3.3.3  Cameraman Sits Down
The cameraman should sit down to maximize the extracorporeal work space for the 
surgeon who is standing. It also helps if the cameraman holds the camera by its “tail,” 
rather than by the regular grip, so as to give more space to the surgeon (Fig. 9.4).

9.3.3.4  Use of Thinner Laparoscope
The clashing of working instruments with the laparoscope can occur frequently 
(Fig. 9.5). The clashing of instruments can be avoided by using thinner 5 mm lapa-
roscopes instead of the standard 10 mm laparoscope.
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Fig. 9.2 The upper pole dissection is facilitated by switching ports

Fig. 9.3 Longer working 
instruments help to keep 
away the working hand from 
the retracting hand

Fig. 9.4 To improve the ergonomics, the camera driver sits and surgeon stands
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9.3.3.5  Use of Longer Laparoscope
A longer bariatric laparoscope will keep the cameraman’s hand holding the camera 
further away from the surgeon, thus giving the surgeon more space.

9.3.3.6  Use of Laparoscope with Coaxial Light and Optic Cable
The regular light cable with its perpendicular entry into the laparoscope from the 
top invariably gets onto the way of the surgeon’s working instruments. Sometimes, 
these light cables may also get crushed and damaged. The Endo Eye (Olympus, 
Tokyo, Japan) was suited for this as it came with the “chip-on-tip” technology 
which meant that it has a streamlined profile with a single coaxial cable and this 
reduced the cluttering and clashing with the bulky camera head and light cable.

9.3.3.7  Cameraman’s Hands Kept Away Down Under
In LDN, the laparoscope is placed at a slightly lower plane of view as compared to 
the working instruments. In LESS DN, the laparoscope is best placed in such a way 
as to get a bird’s-eye view of the working instruments. The advantage being, the 
hand holding the laparoscope, is kept away below the surgeon’s hands. A deflect-
able tip 5 mm laparoscope with a coaxial light cable is ideal for performing LESS 
procedures [5]. But a deflectable tip laparoscope would require the cameraman to be 
well versed and knowledgeable in its movements (Fig. 9.6).

9.3.3.8  Use of Articulating Instrumentation
Articulating instrumentation allows for triangulation or at least the effect to occur 
intracorporeally despite the entry points being adjacent to one another through the 
same skin incision. Articulating instruments were originally developed to mimic the 
freedom of movement afforded by the robotic wrist of the da Vinci Surgical Robot 
(Intuitive Surgical, Sunnyvale, CA). Articulating graspers, Endo Shears (Autosuture, 
Norwalk, CT), and needle holders are available. Roticulating instruments (Covidien, 
Dublin, Ireland) have a 0–80° range of motion, allowing infinite freedom for tip 

Fig. 9.5 Nutcracker 
effect, the light pillar of a 
conventional telescope 
causes clashing with the 
retracting and working 
instruments
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adjustment. They have a spin lock mechanism that allows them to use it as a rigid 
instrument. Handheld Autonomy Laparo-Angle Instruments (Cambridge Endo, 
Framingham, MA) have been designed to simulate the surgeons hand in motion 
and, with its axial rotation knob and exclusive angle locking mechanism, provide a 
better control. One disadvantage is that using all these articulating instruments has 
a significant learning curve before one handles them dexterously. The major disad-
vantage with most of the available articulating instruments is a lack of strength to 
retract using these. The cutting instruments like the hook or the scissors are most 
useful among the articulating instruments. Another issue is that by necessity, ultra-
sonic shears can neither be bent nor articulating.

9.3.3.9  Use of Prebent Instruments
Prebent instruments also attempt to achieve triangulation intracorporeally and also 
attempt to keep the hands away extracorporeally. Prebent instruments cannot be 
passed through regular straight trocars. They can, however, be passed through some 
of the access devices like the GelPOINT™, TriPort™, and QuadPort™, which have 
a very low profile inside and outside the abdominal wall. The advantage of the pre-
bent instruments is that they have a fair degree of strength and can be used for 
retraction.

Our present recommendation for LESS is to use a prebent instrument for retrac-
tion in the left hand and a straight instrument for dissection and cutting in the right 
hand (Fig. 9.7).

9.3.3.10  Use of Deflectable Tip Laparoscope
A 5 mm laparoscope with a flexible, actively deflectable tip can be used. If a deflect-
able tip laparoscope is used, the cameraman’s hands can be positioned in a depen-
dent position, away from the surgeon’s hands, and the tip deflected downward for a 
bird’s-eye view of the surgical field. The tip can be bent up to 100 ° in four direc-
tions. This means that relevant area can be thoroughly examined head-on, from 
above and from behind. Once bend the tip can be locked in that position to decrease 
the fatigue of the operator (Fig. 9.8).

Fig. 9.6 Holding the camera as distal as possible also keeps the cameraman’s hands away from 
the surgeon’s hands. This prevents what is called as clashing swords
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9.3.3.11  Technique of Disentangling Laparoscope
When the instruments get entangled with the laparoscope, the maneuver to separate 
is to pull back the laparoscope (without coming out of the port) till it disentangles 
and then push the laparoscope forward with a slight upward tilt. The purpose is to 
keep the laparoscope above and look down onto the working instruments so as to 
keep the cameraman’s hands down and away from surgeon’s hands (Fig. 9.9).

9.3.3.12  Use of an Additional Retraction Instrument
A pediatric 3 mm port with a 3 mm long grasper can be used to give traction if 
required to assist in specific steps of the surgery, at least till the learning curve of the 
surgeon is overcome. A fascial (port) closure needle (Karl Storz GmBH and co, 

Fig. 9.7 The prebent 
instrument in one hand 
helps in decreasing 
intracorporeal clashing

Fig. 9.8 A flexible tip telescope does a remarkable job at staying in a vantage point with a good 
view and staying away from the surgeon’s movement
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Tuttlingen, Germany) can also be used for retraction without the need of a port. It is 
directly punctured and inserted intra-abdominally through the subcostal region. The 
upper part of an infant feeding tube is cut and fed into an open end of a plastic 
needle cap. The cap is inserted into the abdomen through one of the 10 mm ports. 
The port closure needle is passed into the open end of the needle cap through the 
rubber of the feeding tube. This arrangement allows for a snug and secure place-
ment of the port closure needle into the needle cap. This assembly is used to provide 
traction to the kidney and adjacent organs [11].

9.4  Access Devices for LESS DN

LESS DN has been performed through an umbilical or Pfannenstiel incision [7, 8]. 
Standard ports can be inserted through the same skin incision by using separate 
fascial punctures. There are also various access devices available that can be 
deployed through the single incision to facilitate easy insertion of multiple instru-
ments. Some of these access devices are reusable.

There have been a variety of access devices used for LESS. Most of them are 
now off the market or unavailable. The two devices which seem to have endured 
are the Olympus QuadPort Plus and the Applied medical GelPOINT device. In 
addition, LESS is carried out using shorter trocars put in through a single 
incision.

The Olympus QuadPort is a disposable, multi-instrument access device designed 
to facilitate laparoendoscopic single-site (LESS) surgery. The QuadPort contains 
five instrument ports and two valves. One valve is for insufflation and the other one 
for smoke evacuation. There are five instrument ports (two 5 mm, one 10 mm, one 
12 mm, and one 15 mm). These flexible ports accommodate different types and 
sizes of laparoscopic instruments, including straight, curved, and articulating instru-
ments. Duckbill/lipseal valves allow for easy introduction and removal of instru-
ments while maintaining pneumoperitoneum. A removal ribbon enables easy device 
removal (Fig. 9.10). The GelPOINT device is similar and can be used with or with-
out trocars through the gel valve.

Fig. 9.9 Positioning the 
telescope at a vantage 
point helps in optimal 
dissection
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X-Cone (Karl Storz – Endoskope, Tuttlingen, Germany), with five openings 
10/12 mm and 5 mm × 4, is reusable access device but has not been reported for use 
in LESS DN.

9.4.1  Our Technique

The patient once under general anesthesia is positioned in lateral position after plac-
ing a nasogastric tube or orogastric tube for decompressing the stomach. A Foley’s 
urethral catheter is routinely placed to monitor urine output. All pressure points are 
well padded. The patient is also adequately strapped to the table. After cleaning and 
draping the patient. An umbilical incision of approximately 4.5 cm length is made 
and deepened to the sheath. The sheath and peritoneum are incised to 5.5 cm. An 
Olympus QuadPort+ is deployed using the introducer.

We mostly use a 5 mm, 30° Olympus laparoscope with integrated camera head 
and coaxial light cable (Endoeye HD II 5 mm). Regular rigid instruments are usu-
ally used even though curved and articulating instruments are available. Ten milli-
meter instruments like the Hem-o-lok applicator, 12 mm instruments like Endo GIA 
or Endo TA laparoscopic staplers, and 15 mm Endo Catch II specimen retrieval 
pouch can easily be inserted through the 12 or 15 mm ports. Lubricating the shaft of 
the instruments with water helps in decreasing the friction and easy movement in 
and through the ports.

The steps of LESS DN are identical to LDN.

9.4.1.1  Colonic Reflection
The colon is reflected after incising the white line of Toldt. Care is taken not to dis-
turb the kidney with its Gerota’s fascia while dropping the colon. The splenorenal 
ligament is incised so as to drop the spleen medially. This also helps in dropping the 
splenic flexure.

Fig. 9.10 The variants of TriPort and QuadPort
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9.4.1.2  Uretero-gonadal Packet Mobilization
The gonadal vein and the ureter are identified and they are lifted off the psoas mus-
cle along with the surrounding fat enclosed within the Gerota’s fascia. Once this 
packet is lifted out, the renal vein comes into view.

9.4.1.3  Adrenal Vein Division
Once the renal vein comes into view, the adrenal vein is identified. While mobiliz-
ing, the adrenal vein care must be taken to watch out for an inferior phrenic vein 
which sometimes drains into the adrenal vein. The adrenal vein is clipped with 
Hem-o-lok clips and divided.

9.4.2  Upper Pole Separation

Soon after dividing the adrenal vein the upper pole along with the adrenal gland is 
lifted off the psoas. The Gerota’s fascia is incised to expose the upper pole. The 
adrenal gland is separated off the upper pole of kidney using ultrasonic shears as 
this tissue contains small adrenal arteries branching from the renal artery. Switching 
of ports may be required during upper pole dissection. Bariatric extra-long instru-
ments are useful in dissecting the upper pole of kidney especially an extra- long 
ultrasonic shear.

9.4.3  Lumbar Vein Division

The aorta just inferior to left renal vein crossing is exposed. The periaortic fat tissue 
is divided to expose the renal artery. Usually at this level, we come across the lum-
bar veins which are meticulously dissected out and divided between Hem-o-lok 
clips. Occasionally, we do not come across a lumbar vein draining into the renal 
vein.

9.4.4  Renal Pedicle Dissection

Once the lumbar vein is divided, the renal artery comes well into our view. All the 
loose fatty tissue containing neural and lymphatic tissue surrounding the renal 
artery and vein are divided for complete mobilization of the renal vessels.

9.4.5  Division of the Gonadal Vein and Ureter

Once the recipient surgeon is ready to receive the graft, the ureter and gonadal vein 
are clipped and divided at the level of the pelvic brim. The lateral attachment to the 
kidney is divided up to the upper pole. A small strip of lateral attachment is left at 
the mid pole so that the kidney does not drop medially.
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9.4.6  Division of the Renal Pedicle

The kidney is lifted off the aorta so as to straighten the renal vessels with a retracting 
instrument. The renal artery is then doubly clipped with Hem-o-lok clips and divided 
so that a 2 mm cuff remains with the clips. The vein is then doubly clipped and divided.

9.4.7  Graft Retrieval

The small strip of lateral attachment is incised with cold scissors. The Gerota’s fas-
cia of the freed graft is held with a laparoscopic grasper and the graft gently moved 
toward the QuadPort. The removal ribbon is pulled which dislodge the QuadPort. 
Using a thick open-surgery scissors, the sheath may be further incised, extending 
the sheath incision by 1–2 cm. The skin incision rarely needs to be extended. The 
technique of graft retrieval in LESS DN is different from LDN. In LDN, through the 
retrieval incision, the surgeon’s hand can be introduced with ease to retrieve the 
graft. In LESS DN, since the single-port incision is smaller, the surgeon’s hand can-
not be inserted to retrieve the graft. But the surgeon’s fingers (index finger, middle 
finger, and thumb) can go across the incised opening, to hold and gently remove the 
graft which was brought toward the exit by the laparoscopic grasper.

An Endo Catch II specimen retrieval pouch introduced through the 15 mm port 
can also be used to retrieve the graft. Another technique helping in graft retrieval is 
to pull the graft toward the incision along its transverse axis by a no. 1 Vicryl suture 
tied laparoscopically around the fat along with the gonadal vein [11]. This suture is 
tied and exteriorized, prior to division of renal pedicle, through one of the ports. 
Once the renal vessels are clipped and divided, the suture is gently pulled, and the 
graft aligned vertically is gently retrieved through the incision.

9.5  Scientific Evidence

There are a few randomized trials comparing LDN with LESS DN. Kurien et al. [9] 
in a randomized controlled trial (RCT) comparing outcomes in 25 cases of LESS 
DN to 25 cases of LDN revealed that there was early relief of pain and shorter hos-
pital stay in patients who underwent LESS DN. The warm ischemia time (WIT) was 
longer in LESS DN even though the early graft function was similar in both groups. 
The blood loss, intraoperative, and postoperative complications were comparable in 
both groups. This study used an umbilical incision with a QuadPort device and 
retrieval of the graft seemed to be difficult. Richstone et al. [8] used a Pfannenstiel 
incision and randomized patients for 2 years. With a total of 29 patients, they found 
significantly less pain with LESS donors. Autorino et al. [10] in a systematic review 
and meta-analysis of nine studies (two RCTs and seven retrospective studies) com-
paring LESS DN and LDN, involving 461 LESS DN cases and 1,006 LDN cases, 
concluded that LESS DN offers comparable surgical and early functional outcomes 
to conventional LDN, with a lower analgesic requirement. LESS DN represents an 
emerging option for living kidney donation.
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9.6  Why LESS DN?

A live kidney donor is not a patient with a disease that needs cure. The donor is an 
altruistic person with an intention to save the life of the recipient. This donation is 
truly a selfless gift of life. Even then, there are many disincentives for a person to 
donate for their loved ones. These include the morbidity of the surgery including 
pain and delayed return to normal activities. The donor deserves to have the least 
morbidity and an earlier return to normal daily activities.

Multiple-port standard laparoscopic donor nephrectomy became the gold standard 
in many institutions as it offered the donors reduced postoperative pain, faster recov-
ery, and better cosmesis over open donor nephrectomy. In LDN, the precise dissection 
achieved due to excellent imaging and wide space created with pneumoperitoneum 
results in fewer complications and decreased blood loss. The reduced morbidity of 
LDN has augmented the number of live donors coming forward to donate for their 
loved ones [12]. LESS DN has evolved with an aim not only to decrease the number 
of incisions and associated better cosmesis but also to further reduce postoperative 
pain, reduce wound-related complications, and quicker convalescence. LESS DN has 
the potential to further decrease the barriers and disincentives to kidney donation.
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10Robotic Donor Nephrectomy

Amit S. Bhattu, Arvind P. Ganpule, and Mahesh R. Desai

Abstract
Unlike any other surgery the living donor nephrectomy is a surgery in person who is 
actually not a patient. Considering the principle of “Primum non nocere” (First do 
no harm) the responsibility of donor surgeon is highest as it is surgery in person who 
is not a patient. With this philosophy, the donor surgery evolved from open to lapa-
roscopy and later further modified into robotic assisted laparoscopic living donor 
nephrectomy (RDN). Robotic platform results in better morbidity profiles for donors 
than standard laparoscopic approach. It also had advantage in hilar dissection and 
preservation of longer renal graft artery length in right donor nephrectomy. The graft 
outcomes of RDN are comparable to LDN. The future development of dedicated 
robotic single port surgical platforms and instruments as well as multiport approach 
with transvaginal graft retrieval will be the future direction of development.

Abbreviations

3D Three dimensional
LDN Laparoscopic donor nephrectomy
LESS Laparoendoscopic single-site surgery
HD High definition
RDN Robotic-assisted laparoscopic donor nephrectomy
VKD Living-related voluntary kidney donor
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10.1  Introduction

The optimal and long-term management of end-stage renal disease is renal replace-
ment therapy in the form of renal transplantation. However, the major rate-limiting 
step in renal transplantation is availability of renal grafts. The deceased donor renal 
grafts are solution to this in well-developed cadaveric graft retrieval programs. 
However, the waiting lists in cadaveric graft retrieval programs in developing and 
developed worlds are significant rate-limiting stage in this aspect. Another alterna-
tive in this process is living-related transplantation program with voluntary living- 
related donors. Moreover, there is some evidence which suggests that the graft 
outcomes in living-related donor are better than in cadaveric grafts [1, 2].

Unlike any other surgery, the living donor nephrectomy is a surgery in person 
who is not actually a patient. The donor is a person who has come forward to donate 
kidney with purely altruistic motive. Considering the principle of “primum non 
nocere” (first do no harm), the responsibility of donor surgeon is highest as it is 
surgery in person who is not a patient. Similarly, all attempts should be done to 
modify the surgery which will minimise the perioperative and postoperative mor-
bidity in donor without compromising on the graft and recipient outcomes. With 
this philosophy, the donor surgery evolved from open to laparoscopy and later fur-
ther modified into laparoendoscopic single-site surgery (LESS) and to robotic- 
assisted laparoscopic living donor nephrectomy (RDN).

In this chapter, we will consider the procedural aspects of the RDN and review 
the outcomes of this surgery. The preoperative donor workup (medical, ethical and 
legal) of RDN is same as that of laparoscopic donor nephrectomy.

10.2  Operating Room Setup and Instrumentation

The robotic platform discussed in this chapter is da Vinci Xi or da Vinci Si (Intuitive 
Surgical®). The da Vinci Si and Xi systems have the following components:

 1. Surgeon console: Surgeon comfortably sits at console with three-dimensional 
(3D) high-definition (HD) image within patient’s body. Surgeon has master con-
trols below the display, and the hand and fingers are naturally positioned. The 
movements of the hand, wrist and fingers of surgeon are transmitted in real time 
to surgical instrument movements within patient body. These instruments are 
fixed at patient cart.

 2. Patient side cart: The patient side cart is positioned near patient. It has four arms 
which pivot around a fixed point. One arm carries the 3D HD camera with cor-
responding light source, and three arms are for other working instruments. The 
arms carry out movement as per commands by surgeon at console.

 3. Vision cart: A HD video of the surgery is available on wide screen to entire oper-
ating room and to the bedside surgeon.

 4. Robotic endowrist instruments: These are the instruments which are attached to 
the robotic arms and controlled by console surgeon. These instruments have 
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seven degrees of freedom and precise control from console surgeon. Table 10.1, 
10.2 and 10.3. give the details of the instruments required during RDN.

 5. Other robotic instruments required are as detailed in Table 10.2.
 6. Laparoscopic instrument required: are detailed in Table 10.3.

10.2.1  Operative Room Setup

The operating room setup is as shown in Fig. 10.1. The robotic surgeons sit on the 
console. The patient cart is positioned behind the patient. The bedside surgeon and 
nurse assistant are at patient’s side opposite to the patient cart. The nurse assistant 

Table 10.1. Robotic endowrist instruments [3]

Instruments Optional instrument Use

Preferred arm (the 
instrument may be 
shifted from one arm 
to the other as per 
requirement)

Monopolar 
curved scissors

Permanent cautery 
hook

For bowel reflection and 
dissection

Right

Maryland 
bipolar forceps

Fenestrated bipolar 
forceps or Cardiere 
forceps

For countertraction during 
dissection and bowel 
reflection

Left

ProGrasp 
forceps

Fenestrated bipolar 
forceps or Cardiere 
forceps

For lifting up 
ureterogonadal packet 
and/or maintaining 
inactive countertraction

Fourth arm

Medium-large 
clip applier 
(Weck clip)

Laparoscopic Weck 
clip applier by 
bedside surgeon

For applying clip to the 
renal artery or vein or 
ureter and gonadal vein or 
any other bleeder

Right

Harmonic ACE 
curved shears

Laparoscopic 
harmonic shears by 
bedside surgeon

For dissection and incising 
at upper pole of the kidney 
and other dissection

Right

Table 10.2. Other robotic instruments required in RDN [3]

Instrument Number

8 mm port cannula 2/3

8 mm port cannula, long 1

8 mm blunt obturator 1

8 mm bladeless obturator 1

8 mm blunt obturator long 1

8 mm bladeless obturator long 1

5–8 mm universal seal to port 3

da Vinci Si (12 mm) or Xi (8 mm) endoscope with camera 30° 1
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da Vinci MonitorMonitor

Monitor

Bedside
Surgeon

Scrub Nurse

Back table Surgeon
 console

Anesthetist

Anesthetist trolly

Console

Fig. 10.1 Operative room setup for right RDN

Table 10.3 Laparoscopic instruments required in RDN

Instruments Numbers

Veress needle 1

10 mm dilating trocar and ports 3

Suction irrigation system 1

Weck clips medium-large size cartridge 3

Weck clip applier 2

Interlocking clip and applier 1 set with disposable applier

Laparoscopic linear noncutting stapler 45 mm 1

Grasper 1

Maryland forceps 1

Laparoscopic long jaw scissors 1

Laparoscopic Allis forceps 1

has access to the back trolley of the instruments which are positioned adjacent to 
him. Anaesthesia team and trolley are at head end of the table. There are multiple 
HD screens positioned in the operative room which can be seen by bedside sur-
geons, nurse assistant, anaesthetist and observers. It is important that the screen 
which bedside surgeon focuses is at his eye level. The robotic arms do not cover any 
part of this screen even temporarily so that the bedside surgeon has uninterrupted 
vision of ongoing surgery and is in position to assist efficiently.
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10.2.2  Patient Positioning

The surgical table should have good cushioning to ensure that the pressure points 
are not compressed. Initially living-related voluntary kidney donor (VKD) is posi-
tioned in supine position on table. VKD is anaesthetised and intubated with endo-
tracheal tube. VKD is catheterised with Foley catheter 14 Fr under all aseptic 
precautions, and uro bag is connected to catheter. Uro bag is kept dependent on the 
bedside surgeon side of the table. The pneumatic compression device is applied to 
lower limbs of VKD.

Then, the VKD is turned to the lateral decubitus position. The position can be 
20 ° less than absolute lateral decubitus position also. For right RDN, the position is 
left lateral, and for left RDN, it should be right lateral. The abdominal wall of VKD 
should be at lateral edge of the table. After turning the patient, it is ensured by 
anaesthetist that the endotracheal tube is properly positioned and monitor probes are 
properly connected. Surgical team ensures that the Foley catheter and tubing are not 
compressed and draining urine freely.

The back of the VKD is supported with cushioned packs. The position of inferior 
lower limb of patient is important. The contralateral limb (left lower limb in case of 
right RDN and right lower limb in case of left LDN) should be flexed at the knee 
and positioned in such a way that the knee should not project beyond the edge of the 
table as this may restrict the movement of instrument and bedside surgeon working 
space. The ipsilateral lower limb (left in case of left LDN and right in case of right 
LDN) should be in complete extension position. A cushion is placed between the 
lower limbs.

Few centres recommend extension of kidney bridge for increasing the distance 
between the ipsilateral iliac crest and subcostal margin. Theoretically, this may 
assist the dissection, but at our centre, we did not find this manoeuvre necessary as 
the pneumoperitoneum itself creates enough space for dissection. However, as dis-
cussed later in the procedure part, if the movement of fourth arm is getting restricted, 
then the table may be extended to raise the kidney bridge. Once positioning of 
patient is acceptable, then the straps are put at nipple level and at buttock level of the 
patient with sufficient padding to prevent pressure injury. The straps at nipple level 
should be loose enough to allow the respiratory excursion. This can be achieved by 
placing surgeon’s hand on lateral aspect of chest over which the straps are 
tightened.

10.3  Right RDN

It is advisable to do surface marking prior to the port placement at least in early 
learning curve. The midline of abdominal wall should be marked. The lateral wall 
of the rectus should be marked. Anterior superior iliac spine, iliac crest, subcostal 
margin and 11th rib tip should be marked. These surface markings allow the orien-
tation to be maintained during the port placement.
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A small 2 mm stab is done on ipsilateral midpoint of spinoumbilical line, and 
pneumoperitoneum is induced with Veress needle (Fig. 10.2). The approximate 
relation of renal hilum in reference to 11th rib is noted with help of renal CT angi-
ography which is done as preoperative workup. The fist port is camera port. It is 12 
mm dilating port placed at lateral border of rectus at level of renal hilum (Fig. 10.3). 
Laparoscopy is done and the abdominal cavity is reviewed for adhesions at the 
abdominal wall, bleeding if any into peritoneal cavity during port placement or at 
time of Veress needle insertion. It is reinsured that there are no adhesions at 
Pfannenstiel incision site which is proposed site of retrieval incision. This is particu-
larly important post-Caesarian sections and gynaecological surgeries.

Pfannenstiel incision is marked and incision is deepened through the skin and 
subcutaneous tissue (Fig. 10.4). The anterior rectus sheath is incised transversely and 
both recti are seen. Pneumoperitoneum is deflated and plane is created between ante-
rior rectus sheath and recti cranially as well as caudally sufficient enough to allow the 

Fig. 10.2 Induction of 
pneumoperitoneum

Fig. 10.3 Placement of 
first port
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lateral retraction of recti. Both recti are retracted away from each other laterally, and 
properitoneal pad of fat is noted. The pneumoperitoneum is reinduced; it helps in 
proper dissection of properitoneal pad of fat and visualisation of parietal peritoneum. 
After careful dissection, transparent parietal peritoneum is noted which is preserved 
for incision at the time of final graft retrieval. These steps are necessary to ensure that 
the retrieval is fast and warm ischaemia time is minimum, and it is to be insisted that 
care has to be taken not to damage the parietal peritoneum at this time because it may 
lead to the leaking of pneumoperitoneum throughout the procedure.

Just like in laparoscopic surgery, the appropriate port placement is important in 
robotic surgery as well, but it is not as critical in robotic surgery. However, the care 
has to be taken in robotic surgery to ensure that the ports are at least four finger-
breadths away from each other in inflated abdominal wall. This is necessary for 
ensuring the proper functioning of robotic arms. If the ports are very closely placed, 
the clashing of robotic arms compromises its manoeuvrability.

One 8 mm robotic port is placed just below the subcostal border at the level of or 
little lateral to the mid-clavicular line. This is port for right robotic arm. Another 
8 mm robotic port is placed few centimetres lateral to the midpoint of the spinoum-
bilical line. This is port for left robotic arm. The port used for fourth arm should be 
8 mm long metal port; it is placed cranial and lateral to ipsilateral end of Pfannenstiel 
incision, and it should be caudal and medial to the midpoint of the spinoumbilical 
line. This port should be long port so that the fourth arm can be manoeuvred easily. 
If there is difficulty in manoeuvrability of fourth arm after docking, then as dis-
cussed earlier, the table may be broken to raise the kidney bridge or to lower the 
lower limbs of patient. It is necessary to ensure that the robotic fourth arm does not 
directly put pressure over patient’s lower limb.

Additional bedside surgeon working port is placed medial and cranial to the 
camera port. It should be 12 mm dilating port (Fig. 10.5).

Five millimetre port is placed in the midline or on the left side of midline below 
the xiphisternum for inserting the Allis forceps for liver retraction. Allis forceps is 
passed through this port fixed to lateral aspect of the diaphragmatic muscles to 

Fig. 10.4 Pfannenstiel 
incision placement
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ensure good liver retraction. This is done after releasing adhesion of inferior border 
of liver surface if there are any (Fig. 10.6).

Another 12 mm dilating port is placed from Pfannenstiel incision through the 
ipsilateral rectus sheath and muscle. This port is for insertion of vascular stapler for 
clamping the graft renal vein.

Then the motorised patient cart is moved towards the patient, and the robotic 
arms are connected to corresponding robotic ports and camera port (Fig. 10.7), tak-
ing care of fourth arm as described above. After connecting the robotic camera in 
camera port, all the robotic instruments are inserted and docked under vision to 
ensure that the instrument is inserted in correct path without damaging any interven-
ing structure.

Right robotic instrument monopolar curved scissors are inserted and connected 
to the monopolar cautery. Left robotic arm instrument is Maryland forceps, and it is 
connected to bipolar cautery (Fig. 10.8). Fourth arm instrument is ProGrasp for-
ceps. Robot is docked, and now the console surgeon starts operating from console.

Fig. 10.5 Final port 
placement

Fig. 10.6 Liver retraction 
port

A.S. Bhattu et al.



121

The reflection of ascending colon: A plane  is developed between the peritoneal 
fat and surface of Gerota’s fascia by holding the parietal peritoneum lateral to the 
ascending colon with maryland forceps and gently giving traction over it. The fibro-
fatty tissue in this plane is incised with monopolar curved scissor, and the ascending 
colon is reflected. The same plane is followed up to the pelvic brim, and the whole 
anterior Gerota’s fascia surface is exposed.

Now the inferior vena cava (IVC) can be seen in inferior aspect of the field; how-
ever, the renal hilum is still covered with the duodenum. The duodenum is 
Kocherised by incising the parietal peritoneal layer lateral to the duodenum with 
sharp cold cut with monopolar curved scissor (Fig. 10.9).

Fig. 10.7 Robotic docking

Fig. 10.8 Insertion of 
robotic instruments
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Now IVC forms the horizon. With blunt and sharp dissection, the anterior 
Gerota’s fascia is incised just lateral to IVC, and ureterogonadal packet is lifted up 
over the psoas sheath. At this stage, care should be taken not to enter the psoas 
sheath. Plane should be developed over the psoas sheath, and the gonadal vein as 
well as ureter is lifted up in one packet without dissecting around the ureter to pre-
serve the ureteric vascularity.

After lifting up, the ureter is kept lifted up to with ProGrasp forceps in fourth 
arm. If console surgeon feels necessary, the instruments in fourth arm and left arm 
are switched and ProGrasp is used to keep the ureter lifted up.

Now with ureterogonadal packet lifted up, the blunt and sharp dissection is con-
tinued cranially. The gonadal vein draining into the IVC is noted at this stage  
(Fig. 10.10). The gonadal vein is doubly clipped with Weck clips with two clips 
towards IVC and one clip towards the gonadal vein; the gonadal vein is transected 
(Fig. 10.11). The Weck clips are either applied by console surgeon with robotic 

Fig. 10.9 Kocherisation 
of duodenum

Fig. 10.10 Right gonadal 
vein draining into inferior 
vena cava
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week clip applier or it can also be applied by bedside surgeon. At our centre, the 
Weck clips are applied by bedside surgeon as it saves time which is spent in robotic 
instrument change, and multiple laparoscopic clip applier can be kept ready for 
quickly applying multiple clips. This particularly becomes relevant in hilar vessel 
clipping as that time accounts for warm ischaemia time.

After the gonadal vein is clipped, further cranial dissection reaches the hilar level. 
With prior study of renal CT angiography, the number of arteries and veins and their 
relative positions and level of branching are known before the surgery. By lifting the 
ureterogonadal packet, the branching points of the artery are more lateral than as seen 
in the CT; this adds favourably to surgeon comfort and getting better artery length.

The challenges in right renal hilar dissections are short right renal vein and right 
lumbar vein directly draining into IVC behind the renal vein which may be the 
source of bleeding and right renal artery dissection which may need retrocaval dis-
section [4]. The robotic platform with its 3D HD vision, seven degrees of freedom 
and tremor filter facilitates these steps [5]. During hilar dissection, the fibrofatty 
tissues between the artery and vein including the lymphatics should be cleared. The 
artery and vein should be skeletonising (Fig. 10.12). Longer artery length can be 
achieved with retrocaval dissection. Robotic camera can also allow good view of 
retrocaval area and the posterior aspect of right renal vein. The right lumbar vein 
may be entering the IVC near this area. To achieve longer artery length, the retroca-
val dissection may also be facilitated by complete flipping of the kidney after releas-
ing the upper pole and lateral attachment of the graft.

Once the hilar dissection is done, upper pole dissection is initiated. With the help 
of monopolar curved scissor or with harmonic shear, the dissection is continued 
intragerotaly at the upper pole. Adrenal gland is carefully preserved in donor, and 
upper pole is freed completely.

Now intravascular mannitol is given by anaesthetist with good hydration main-
tained all throughout the procedure. The papaverine in 1:10 normal saline dilution 
is injected over the surface of hilar vessels.

Fig. 10.11 Clipping of 
right gonadal vein
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Gonadal vein is now dissected in ureterogonadal packet; it is doubly clipped with 
Weck clip and transected (Fig. 10.13). Ureter is identified again, but it is not skele-
tonised to preserve its vascularity. Ureter is clipped distally at the pelvic brim with 
Weck clip and cut proximal to clip (Fig. 10.14). Good efflux of urine from the cut 
end of ureter is confirmed. Now the lateral attachments of the Gerota’s fascia are 
incised to preserve only minimal attachment just lateral to the kidney to keep the 
kidney hanging from the lateral side for facilitating the hilar clamping and transec-
tion of the hilar vessels.

Now the renal artery is clipped with two Weck clips and transected keeping mini-
mum 1 mm renal artery cuff distal to distal clip over the donor side, preserving 
maximum possible length of graft artery. This can be done either by robotic clip 
applier or laparoscopic week clip applier by bedside surgeon. As discussed earlier 
in this text, Weck clips are applied by bedside surgeon at our centre, and graft artery 
is transected by robotic console surgeon with robotic curved scissors. Similarly, the 

Fig. 10.12 Appearance 
after skeletonising graft 
artery and vein

Fig. 10.13 Gonadal vein 
clipping
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renal vein can be clipped with two Weck clips towards the donor side, and the vein 
is cut 1 mm distal to distal clip preserving maximum possible length of graft vein. 
However, at our centre, considering the short and broad nature of right renal vein, 
the right renal vein is secured with laparoscopic linear noncutting stapler 45 mm 
which is passed through the 12 mm dilating port placed through the Pfannenstiel 
incision (Fig. 10.15). The console surgeon cuts the vein distal to the staple line with 
robotic scissor (Fig. 10.16).

Now the console surgeon incises all the lateral attachments of the graft, and graft 
is placed free in the renal fossa (Fig. 10.17). All the robotic instruments grips are 
released so that instruments are not holding any donor tissues. Bedside surgeon now 
removes the instruments in third (left) and fourth arm and undocks the third (left) 
and fourth robotic arms. The parietal peritoneum in the Pfannenstiel incision is 
sharply incised. The port in Pfannenstiel incision is removed. Bedside surgeon now 
puts his hand in the peritoneal cavity through the incision and removes the third and 

Fig. 10.14 Ureteric 
clipping

Fig. 10.15 Securing the 
graft vein with vascular 
stapler
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fourth arm ports temporarily if necessary. The renal graft which is placed free in the 
right renal fossa is retrieved through the wound in longitudinal axis and delivered to 
the bench surgeon who immediately perfuses the graft. Now the rest of the robotic 
arms are undocked.

Check laparoscopy is done with donor surgeon’s hand sealing the Pfannenstiel 
wound to check for any active bleeding. Then the Pfannenstiel wound is closed 
in layers. Formal check laparoscopy is done now to check for active oozing or 
chylous leaking. Haemostasis is achieved with cautery or with Weck clips or 
interlocking clips. Suspected lymphatics are clipped with Weck clips. Liberal 
warm saline peritoneal wash is given with suction irrigation cannula to wash 
away the blood and urine which has drained into the peritoneal cavity after ure-
teric transection. Liver- retracting Allis forceps is released. Twelve millimetre 
ports are closed with Carter- Thomason II Port Closure System. Drain placement 
is never required.

Fig. 10.16 Transection of 
graft renal vein proximal to 
stapler line

Fig. 10.17 Release of 
lateral attachment of graft
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10.4  Left RDN

The surface marking, induction of pneumoperitoneum and port placement and 
Pfannenstiel incision placement and robotic docking are similar in left LDN as in right 
LDN (Figs. 10.18, 10.19, 10.20 and 10.21) other than the following differences:

• The 12 mm dilating port in Pfannenstiel incision which is placed in right RDN is 
not required in left RDN.

• Liver retraction port is not required on the left side.
• The left subcostal port is for left arm instruments.
• The monopolar curved scissor is put from right arm port, and it comes from the 

cranial and lateral to the midpoint of spinoumbilical line.
• The fourth arm which comes craniolateral to the left edge of Pfannenstiel inci-

sion is for ProGrasp as on the right side.

Fig. 10.18 Induction of 
pneumoperitoneum

Fig. 10.19 Placement of 
first port
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The reflection of the bowel is started from white line of Toldt (Fig. 10.22). The 
descending colon is reflected, and plane is achieved at anterior Gerota’s fascia level 
(Fig. 10.23). Then the ureterogonadal packet is lifted up over the psoas sheath and 
kept lifted up with ProGrasp forceps (Figs. 10.24 and 10.25). The dissection is con-
tinued cranially, and the descending colon is completely reflected to identify the 
anterior surface of the left renal vein. Now the lateral border of the aorta should be 
seen as horizon craniocaudally, and seeing the abdominal aorta craniocaudally also 
confirms the adequate reflection of descending colon.

Fig. 10.20 Final port 
placement

Fig. 10.21 Robotic docking
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Now the dissection is continued at the cranial boarder of the left renal vein to 
identify the insertion of the left adrenal vein into the left renal vein. Once the left 
adrenal vein is identified, it is dissected cranially till sufficient length of adrenal vein 
is exposed (Fig. 10.26). The adrenal vein is doubly clipped with and cut between the 
clips (Figs. 10.27 and 10.28). The dissection now is proceeded towards the upper 
pole and with harmonic shear or with monopolar curved scissors. The adrenal gland 
is separated from the upper pole of the kidney, and then the dissection is continued 
till complete release and cutting of lienorenal ligament (Fig. 10.29). This completes 
the upper polar dissection.

Now focus is moved to renal hilum. With permanent cautery hook or with 
monopolar curved scissors, the perihilar fat is dissected with 30° camera posi-
tioned to see craniolaterally and posterior to the renal vein from lower border of the 
renal vein. The left lumbar vein will be encountered first at this stage which is 
skeletonised and clipped and cut between the clips (Figs. 10.30 and 10.31). After 

Fig. 10.22 Incision on 
white line of Toldt

Fig. 10.23 Dissection at 
anterior Gerota’s fascia 
level after reflection of 
descending colon
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Fig. 10.24 Lifting up of 
ureterogonadal packet

Fig. 10.25 Lifting up of 
ureterogonadal packet

Fig. 10.26 Dissection of 
left adrenal vein
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Fig. 10.27 Clipping and 
transection of left adrenal 
vein

Fig. 10.28 Clipping and 
transection of left adrenal 
vein

Fig. 10.29 Left upper 
pole dissection
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transection of the lumbar vein, the renal vein further straightens up, and further 
dissection posterior to the renal vein will show the left renal artery. The relative 
positions of the left renal vein and artery are already known by preoperative review 
of the renal CT angiography. The renal artery and vein are skeletonised at this stage 
(Fig. 10.32). If felt necessary, a sling is passed around the graft artery, and with 
gentle traction over the sling, the dissection is facilitated (Fig. 10.33). The renal 
artery origin from the aorta is noted, and this is the site where the Weck clip will 
be applied later to preserve the maximal left renal artery length. The papaverine 
injection in 1:10 dilution is normal saline which is injected over the surface of hilar 
vessels.

The ureterogonadal dissection and transection of the ureter and gonadal vein is 
similar to right side (Figs. 10.34, 10.35, 10.36 and 10.37). Now as on right side, the 
lateral attachments of the left kidney are reduced and kept just enough to keep the 
left kidney hanging from the lateral side.

Fig. 10.30 Clipping of 
left lumbar vein

Fig. 10.31 Transection 
left lumbar vein
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Fig. 10.32 Hilar vessel 
dissection

Fig. 10.33 Slinging the 
graft artery for facilitating 
hilar dissection

Fig. 10.34 Clipping of 
left gonadal vein
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Fig. 10.35 Transection of 
left gonadal vein

Fig. 10.36 Clipping of 
left ureter

Fig. 10.37 Transection of 
left ureter
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Now again focus is moved to renal hilum. The left renal artery is doubly clipped 
with Weck clips just distal to its origin (Fig. 10.38). The renal artery is transected keep-
ing 1 mm cuff distal to distal Weck clip (Fig. 10.39). Then, the renal vein is doubly 
clipped with Weck clip and transected proximal (graft side of the week clip keeping 
1 mm cuff) keeping maximum left renal vein length possible (Figs. 10.40 and 10.41).

The lateral attachments of the left kidney are released, and graft is placed free in the 
left renal fossa. All the robotic instruments grips are released so that instruments are not 
holding any donor tissues. Bedside surgeon now removes the instruments in first (right) 
and fourth arm and undocks the first (right) and fourth robotic arms. The parietal perito-
neum in the Pfannenstiel incision is sharply incised. Bedside surgeon now puts his hand 
in the peritoneal cavity through the incision and removes the first and fourth arm ports 
temporarily if necessary. The renal graft which is placed free in the left renal fossa is 
retrieved through the wound in longitudinal axis and delivered to the bench surgeon who 
immediately perfuses the graft. Now the rest of the robotic arms are undocked.

Fig. 10.38 Clipping of 
left renal graft artery

Fig. 10.39 Transection of 
left renal graft artery
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Check laparoscopy and port closure are done as mentioned in right RDN after 
closure of Pfannenstiel incision (Fig. 10.42).

10.5  Review of Literature

Horgan and team reported first series of ten cases of RDN in 2002 [6]. They reported 
better precision, better hand-eye coordination, more comfort and equally good early 
outcomes in RDN compared to laparoscopic donor nephrectomy (LDN).

Literature suggests that robotic approach is associated with lesser pain compared 
to laparoscopic approach [7]. In robotic surgery, the robotic arms which are pivoted 
around port site are moved around fixed remote centre. This leads to lesser leverage 
and pressure at port site and less stretching at port site which leads to lesser pain 
compared to laparoscopic surgery.

Randomised controlled trial comparing RDN and LDN [5] suggested that RDN 
is associated with less postoperative pain, analgesic requirements and hospital stay 

Fig. 10.40 Clipping of 
left renal graft vein

Fig. 10.41 Transection of 
left renal graft vein
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in RDN group. The RDN is as safe as LDN, and there were no donor complications 
in the study in any group. There was no conversion from RDN to LDN or to open 
donor nephrectomy in any patient. The graft outcome in RDN and LDN groups was 
comparable up to 9-month follow-up. There was no difference in donor’s total oper-
ative time, haemoglobin drop or serum creatinine at 1 month in both the groups. 
More number of ports were required in RDN than LDN. Graft retrieval time was 
longer in RDN than LDN. The left RDN had higher warm ischaemia time than left 
LDN; however, there was no significant difference in warm ischaemia time between 
right RDN and LDN. Longer graft artery length can be preserved in right RDN by 
achieving better retrocaval right renal artery dissection than right LDN; however, 
there was no significant difference in preserved artery length between left RDN and 
LDN. There was no significant difference in preserved vein length between RDN 
and LDN on either side. In RDN, two surgeons were required (one on patient side 
and another on console), whereas in LDN single laparoscopic surgeon is required. 
In right RDN, the reported difficulty score (VAS) of console surgeon was less than 
right LDN surgeon at all stages except at stage of upper pole dissection which had 
similar VAS scores. The VAS score of console surgeon in left RDN was less than 
VAS score of left LDN surgeon only in step of renal artery and vein transection; for 
all other steps of surgery, it was similar. The VAS score of bedside surgeon was 
more for retrieval of graft in RDN than LDN on either side. This was related to 
undocking of robotic arms required at the stage of retrieval. This is also the reason 
for more retrieval time in RDN compared to LDN.

Literature suggests that the use of robotic approach increases the cost of treat-
ment for donor surgery [8]. However, it is also suggested that robotic approach 
decreases hospital stay and hence will eventually lead to decreased cost of treat-
ment [4, 9].

LESS is technically demanding approach, and hence its application in donor 
nephrectomy is challenging. A case report describing robotic LESS donor 
nephrectomy reports of improving the ease associated with LESS donor nephrec-
tomy and proposes that this approach through single small incision may provide 

Fig. 10.42 Check 
laparoscopy
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better cosmesis, lesser pain, early recovery and possibly better acceptance of 
donor nephrectomy [10].

Case reports also describe combining the RDN with transvaginal extraction of 
graft. These reports claim faster recovery due to absence of retrieval incision on 
abdominal wall and better cosmesis [11].

To summarise, robotic platform resulted in better morbidity profiles for donors 
than standard laparoscopic approach in present studies. It also had advantage in 
hilar dissection and preservation of longer renal graft artery length in right donor 
nephrectomy. The graft outcomes of RDN are comparable to LDN. The future 
development of dedicated robotic single-port surgical platforms and instruments as 
well as multi-port approach with transvaginal graft retrieval will be the future direc-
tion of development.

References

 1. Schulam PG et al. Laparoscopic live donor nephrectomy: the initial 3 cases. J Urol. 
1996;155:1857–9.

 2. Cecka JM. The UNOS Scientific renal transplant registry–2000. Clin Transpl. 2000:1–8.
 3. da Vinci Xi instrument and accessory catalogue: May 2015.
 4. Ahlawat RK. Commentary on Transperitoneal laparoscopic left versus right live donor 

nephrectomy: Comparison of outcomes. Indian J Urol. 2014;30:261–2.
 5. Bhattu AS, Ganpule A, Sabnis RB, Murali V, Mishra S, Desai M. Robot-assisted laparoscopic 

donor nephrectomy vs standard laparoscopic donor nephrectomy: a prospective randomized 
comparative study. J Endourol. 2015;29(12):1334–40.

 6. Horgan S, Vanuno D, Sileri P, Cicalese L, Benedetti E. Robotic-assisted laparoscopic donor 
nephrectomy for kidney transplantation. Transplantation. 2002;73:1474–9.

 7. Chiu LH, Chen CH, Tu PC, Chang CW, Yen YK, Liu WM. Comparison of robotic surgery and 
laparoscopy to perform total hysterectomy with pelvic adhesions or large uterus. J Minimal 
Access Surg. 2015;11:87–93.

 8. Monn MF, Gramm AR, Bahler CD, Yang DY, Sundaram CP. Economic and utilization analysis 
of robot-assisted versus laparoscopic live donor nephrectomy. J Endourol. 2014;28:780–3.

 9. Cohen AJ, Williams DS, Bohorquez H, et al. Robotic-assisted laparoscopic donor nephrec-
tomy: decreasing length of stay. Ochsner J. 2015;15:19–24.

 10. Galvani CA, Garza U, Leeds M, et al. Single-incision robotic-assisted living donor nephrec-
tomy: case report and description of surgical technique. Transpl Int. 2012;25(8):e89–92.

 11. Pietrabissa A, Abelli M, Spinillo A, et al. Robotic-assisted laparoscopic donor nephrectomy 
with transvaginal extraction of the kidney. Am J Transplant. 2010;10(12):2708–11.

A.S. Bhattu et al.



139© Springer Nature Singapore Pte Ltd. 2017
M.R. Desai, A.P. Ganpule (eds.), Laparoscopic Donor Nephrectomy, 
DOI 10.1007/978-981-10-2849-6_11

T.A. Kishore 
Aster Medcity,  
Kuttisahib Road, Near Kothad Bridge South Chittoor P. O, Cheranelloor, Kochi 682027, 
Kerala, India
e-mail: kishoreta@yahoo.com

11Extraction Incisions for Laparoscopic 
Donor Nephrectomy

T.A. Kishore

Abstract
Laparoscopy has become the standard method for donor kidney extraction, since 
1995 [1]. Graft extraction is one of the most critical steps in living donor nephrec-
tomy. Extraction incision plays an important role in patient outcome. It has an 
impact on post-operative pain, wound complications and cosmesis. Moreover the 
process of extraction is a time-sensitive technique and can have a impact on ulti-
mate graft function. Unlike other ablative laparoscopic procedures, it is impera-
tive that the kidney has to be extracted without any damage to the graft. The 
extent and location of the incision can concede the inherent advantage laparo-
scopic procedures possess over the open technique. Over the years, surgeons 
have resorted to various techniques of extraction to reduce the morbidity and 
improve the safety profile.

11.1  Introduction

Laparoscopy has become the standard method for donor kidney extraction, since 
1995 [1]. Graft extraction is one of the most critical steps in living donor nephrec-
tomy. Extraction incision plays an important role in patient outcome. It has an 
impact on post-operative pain, wound complications and cosmesis. Moreover the 
process of extraction is a time-sensitive technique and can impact on ultimate graft 
function. Unlike other ablative laparoscopic procedures, it is imperative that the 
kidney has to be extracted without any damage to the graft. The extent and location 
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of the incision can concede the inherent advantage laparoscopic procedures possess 
over the open technique. Over the years, surgeons have resorted to various tech-
niques of extraction to reduce the morbidity and improve the safety profile. Hand- 
assisted and pure laparoscopic methods were the popular methods in the last decade, 
and recently, few authors have also reported single-port techniques [2–6].

Various techniques of graft retrieval have been described in literature, all of 
which have their own merits and demerits. Incisions commonly utilised are 
Pfannenstiel incision and iliac fossa and midline periumbilical incision (Fig. 11.1, 
Table 11.1).

The extraction incisions are placed prior to retrieval of the graft. The surgeon 
prepares the incision prior to securing the vessels. It is imperative that the surgeon 
does not open the peritoneum at this stage. If this is done, this may lead to loss of 

Fig. 11.1
Different types of 
incisions for 
extraction

Table 11.1 Comparison between the three commonly used incisions for extraction

Pfannenstiel incision Midline incision Iliac fossa incision

Non-muscle cutting Non-muscle cutting Muscle cutting

Bowel likely to come in the way Bowel likely to come 
in the way

No intervening 
structure

Difficult to use as hand port Possible to use as 
hand port

Difficult to use as 
hand port

Wound complications less Slightly more Higher chance

Superior cosmesis Inferior cosmesis Inferior cosmesis

Possible chance of misplacement of the 
kidney (lost kidney in the abdomen)

Less chance Minimal chance
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pneumoperitoneum and make the procedure challenging. In this chapter, we discuss 
the various extraction incisions with their merits and demerits.

11.2  Types of Extraction Incisions (Fig. 11.1)

11.2.1  Pfannenstiel Incision (Fig. 11.2)

Pfannenstiel incision is the most widely accepted site of extraction. The incision is 
widely used in obstetric and gynaecological procedures. The advantages include that 
the incision is non-muscle cutting and theoretically has less pain. This has potential 
to reduce wound complications and has superior cosmesis. It may not be safe to 
extract the kidney through this incision without a hand-assist device, as there is a 
possibility of misplacing the kidney inside the abdomen with intervening organs like 
bowel coming in way. In order to avoid this, the surgeon on opening the peritoneum 
should insert his hand and feel for the grasper holding the kidney. In this way the 
chance of losing the kidney is minimised. Alternatively, a hand-assist device like 
Gelport may be used which in turn mandates a slightly larger incision. Comparative 
studies have proven that Pfannenstiel incision has superior outcome compared to 
other incisions [7–10].

11.2.2  Midline Periumbilical Incision

Midline periumbilical incision is cosmetic; as most of the incision is concealed under 
the umbilicus, the incision is typically used in single-port approach. Alternatively, an 
incision skirting the umbilical skin crease can be taken. The incision offers a more 
direct approach to the renal fossa. The downside however includes challenges 
involved in graft retrieval. In case of life-threatening bleeding from the renal fossa 

a b

Fig. 11.2 The pfannenstiel incision for extraction. (a) The incision being deepened. (b) The  
peritoneum should not be violated prior to extraction as this will result in gas leak
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after extraction, this incision could be converted to a hand-port access. Incidence of 
wound infection and wound breakdown is more likely because of the tenuous blood 
supply in the periumbilical area. In obese patients, thick subcutaneous fat and sag-
ging abdomen while in lateral position make it more challenging [7].

This is the incision of choice when employing the single-port approach 
(Fig. 11.3). The incision is placed at the outset. The single-port device is inserted 
through the same incision. The graft can be retrieved through the same incision. 
This step can be made easier by using a Gelpoint™ device.

11.2.3  Iliac Fossa Incision

The kidney can be easily extracted through the incision as there are no intervening 
structures like the colon. This is the preferred method of extraction in retroperito-
neoscopic donor nephrectomy. The muscle-cutting incision is expected to be more 
painful and prone to wound complications as shown in some studies [7, 8]. This is 
the incision of choice in obese individuals.

This incision has a direct access to the renal hilum and hence offers a theoretical 
possibility of fast graft retrieval.

The alternative methods for extraction is using custom made Endobag bag 
(Ethicon endosurgery, OH, USA), Gelport device (Applied Medical, Rancho Santa 
Margarita, CA, USA) and manual extraction without any hand assit devices [11]. 
The retrieval bags offer the advantage of smaller incisions and a possibility of con-
trolled extraction. The drawback of this technique is that the retrieval bags are 
expensive and cost 500$. With this technique, pneumoperitoneum is not maintained 
after extraction, and any emergent situation cannot be tackled until the abdomen is 
closed.

a b

Fig. 11.3 The midline extraction incision. (a) The incisioin in the umbilical skin crease is  
cosmetically superior. (b) The fascial incisioin should not be wider than the diameter of the port, 
if this happens it may result in a gas leak
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11.2.4  Transvaginal Extraction

Recently few studies have demonstrated the advantage of transvaginal extraction in 
female donors [12–14]. During a transvaginal extraction, a vaginal swab culture is 
taken 2 weeks before surgery. The donors are advised to use vaginal pessaries 3 days 
prior to surgery. The donor nephrectomy is performed with routine steps. The studies 
have shown that with transvaginal extraction cosmetic outcome and pain score are 
superior to other methods of extraction [12–14]. Drawback of transvaginal extraction 
includes alteration in position of the patient and can be performed only in patients 
with capacious vagina. The authors in one of the series used a modified extractor 
which helped in maintaining the pneumoperitoneum just prior to extraction. The 
authors placed the extractor in the posterior fornix; this facilitated the extraction. The 
authors state that this helped in reducing the warm ischaemia time [14]. Theoretical 
concern of infection has been the deterring factor in embarking on such a procedure. 
But till now any of these studies have not demonstrated increased rate infection. [13, 
15]. Canes and associates note that this approach was particularly difficult in obese 
patients. The reasons cited were inability to obtain adequate exposure, poor manoeu-
vrability of instruments and inability to retract the colon. In addition, difficulty was 
encountered in placing the patient in modified position. Patients with large fibroids 
pose challenge as the access through the posterior fornix is precluded.

Kishore et al. in their study note that this approach is better in premenopausal 
donor with a BMI of less than 31 [14].

11.2.5 Extraction Incision for Single Site Surgeries

Single-incision surgeries have the advantage of avoiding multiple incisions and 
attendant morbidities of the port site. Various approaches include midline perium-
bilical and the Pfannenstiel which eventually is utilised as the extraction incision 
[16, 17]. Various devices used include Gelpoint (Applied Medical, Rancho Santa 
Margarita, CA, USA) and SILS (Covidien, New Haven, CT, USA) [16, 17]. Dubey 
et al. have performed this in single-incision multiport manner centred around the 
umbilicus [18].

The port to be utilised is decided at the beginning. The reason for doing so is that 
the size of the fascial incision should not exceed the diameter of the probe. If this 
precaution is not followed, there remains a possibility of leakage of 
pneumoperitoneum.

The tenets for insertion of ports in such cases are the following:

 1. Choose the access port to be inserted before commencement of surgery.
 2. Skin incision should be smaller.
 3. Fascial incision should be larger.
 4. Beware of gas leak.
 5. Separate the omentum on the inner aspect of peritoneum before insertion of 

ports.
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11.3  Comparison Between Different Incisions

Kishore et al. in their series have compared three incisions, namely, Pfannenstiel, 
midline and iliac fossa reduced in Pfannenstiel incision compared to iliac fossa. 
The parameters compared included warm ischaemia time, length of incision and 
wound complications. They found that the warm ischaemia time was significantly 
less in Pfannenstiel incision compared with iliac fossa incision. The length of the 
incision was less in midline group in comparison to all the three groups. The mid-
line incision group had significantly larger graft extraction complications. The 
complications included perinephric haematoma due to excessive traction on the 
fat [8].

11.3.1  Risk Reduction Strategies for Safe Extraction

 1. Never open the peritoneum prior to securing the vessels. A rent in the peritoneum 
causes loss of pneumoperitoneum.

 2. The surgeons hand should grasp the grasper holding the graft. This in turn helps 
in preventing graft loss.

 3. The iliac fossa incisions are preferred in obese individuals; Pfannenstiel inci-
sions are cosmetically superior, while umbilical incision helps in single-port 
approach.

 4. The perigraft fat acts as a handle to retrieve the graft. While extracting the graft, 
the ports should be removed to prevent laceration of the graft.

 Conclusion

Extraction is a critical part in laparoscopic donor nephrectomy. It should be dic-
tated by the individual surgeon comfort and experience. The ultimate aim should 
be safety of the donor and graft and less morbidity to the donor.
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12Troubleshooting in Laparoscopic Donor 
Nephrectomy
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Jorge E. Gomez Meza, and Oscar D. Martin Garzón

Abstract
Surgical complications are related to the learning curve of the surgeon and, in 
particular, the first 30 surgical cases, in which the rate of major complications 
reaches 30%. However, this rate decreases to 20% in the first 50 cases and 6% 
once the surgeon has performed 200–250 cases. It has been noted that surgeons 
with experience in previous laparoscopic surgery have no such associated rate of 
complications.

In this chapter, we discuss the complications associated with laproscopic 
donor nephrectomy. We focus on predisposing factors, risk reduction strategies 
for these in the pre, peri and postoperative period.

Chronic kidney disease represents not only a worldwide public health problem 
but a socioeconomic problem as well. It can result in end-stage kidney disease 
(ESKD), cardiovascular disease (CVD), and premature death. The disease 
prevalence and the worldwide use of renal replacement therapy are expected to 
increase considerably in the next 10 years. This increase is believed to be 
driven by the increases in life expectancy and increasing prevalence of diabetes 
and hypertension [1].
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12.1  Introduction

Renal replacement therapy (RRT), through dialysis or renal transplantation (living 
or cadaveric donor), is a life-saving but expensive treatment. A live kidney donor 
offers several advantages including cost-effectiveness, improved graft quality, and 
recipient quality. Despite these advantages, the shortage of kidney donors remains a 
major problem because of the potential risk of serious surgical complications from 
a procedure in which the donor does not gain personal medical benefit. For this 
reason, it is important to understand the risk factors for complications associated 
with donor nephrectomy [2]. Surgical complications are common. For living donor 
nephrectomy (LDN), any complication is devastating, both for the donor and the 
recipient; thus, the question arises of whether the condition of the recipient should 
be a factor in justifying a procedure on a healthy patient [3–5]. As the kidney is 
considered to be a valuable organ, the surgeon must find a way to secure its extrac-
tion while minimizing the possibility of failure.

Surgical complications are related to the learning curve of the surgeon and, in 
particular, the first 30 surgical cases, in which the rate of major complications reaches 
30%. However, this rate decreases to 20% in the first 50 cases and 6% once the sur-
geon has performed 200–250 cases. It has been noted that surgeons with experience 
in previous laparoscopic surgery have no such associated rate of complications [6].

When discussing complications, it is important to understand how to classify 
them. Classification standards objectify the results and help develop better studies. 
The most well-known classification system for surgical complications is the one 
described by Dindo. This classification was tested in a cohort of 6,336 general sur-
gery patients when a high level of correlation was found between the level classifi-
cation and the procedure complexity (p < 0.0001) as well as the length of hospital 
stay (p < 0.0001). The researchers considered this to be a simple, reproducible, logi-
cal, and useful classification.

Another commonly used classification system is that of Clavien, which does not 
consider specific donor alterations. Based on these classifications, further efforts 
have been made to generate new and improved ratings that are all-inclusive, if not 
widely accepted [7, 8].

12.2  Presurgery Factors

During donor assessment, it is important to understand the risk factors for the devel-
opment of perioperative and postoperative complications. Living donor nephrec-
tomy is a procedure in which healthy donors undergo major surgery and gain no 
personal benefit.

12.2.1  Obesity

Obesity is a growing problem and has become increasingly common worldwide in 
recent years. It is a risk factor for diverse pathologies, including cardiovascular 
pathology, urinary tract lithiasis, and end-stage renal disease. The later is due to an 
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increase in filtration fraction and glomerular filtration rate, which are predictors of 
renal function loss [2, 9]. Therefore, it is imperative to carefully evaluate these 
patients regarding their baseline cardiovascular risk as well as their increased risk of 
long-term kidney disease.

Obesity is also a significant risk factor of complications after abdominal sur-
gery. Heimbach et al. studied 10 of 21 donors with a BMI greater than or equal to 
35 and found that these donors had a greater number of minor perioperative com-
plications and longer surgery times than nonobese donors. However, the occur-
rence of major complications and length of hospital stay were similar between the 
two groups [10].

The rate of conversion from laparoscopic to open surgery during hand-assisted 
laparoscopic donor nephrectomy (HALDN) has been shown to be the same for 
obese and nonobese donors, whereas laparoscopic donor nephrectomy conversion 
was found to be greater in obese donors [11]. A retrospective study of 5,304 donors 
showed no difference in mortality, readmission, and rates of repeat surgery between 
obese and nonobese donors [12].

12.2.2  Previous Abdominal Surgery

Donors with a history of previous surgery have shown a higher rate of intra- 
abdominal adhesions than those without, with a rate of 85% (55–100%) in those 
with prior surgery compared with a rate of 52% (2–93%) in donors without prior 
surgery [13–15]. This has no negative effects on the probability of surgical success 
and is not a contraindication to a minimally invasive approach.

Intra-abdominal adhesions lead to an increased risk of conversion to open sur-
gery and subsequent increased risk of patient morbidity. Kok et al. demonstrated 
this in a study of 161 patients; a higher number of conversions were recorded in 
patients with adhesions (0% in donors free of adhesions vs. 10% in donors with 
intra-abdominal adhesions, p = 0.005) [16].

12.2.3  Cigarette Use

Smoking not only increases the risk of developing cancer but has also been shown 
to particularly increase the risk of developing kidney cancer by a factor of 1.8 [17]; 
this is a significant consequence for a live donor patient. Smoking also affects the 
quality of healing: nonsmokers produce 1.8 times more collagen than smokers. This 
leads to a higher rate of dehiscence, surgical site infections, incisional hernia, and 
injury among patients who smoke [18–20].

12.2.4  Age

Kidney donors who are older than 60–70 years present with a higher incidence of 
concomitant diseases and decreased kidney function for their age. This makes them 
more susceptible to surgical complications.
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Despite these factors, and because of the scarcity of living donors, the selection 
criteria are becoming increasingly flexible, and older donors are seen more fre-
quently. Several studies have shown that when selecting donor grafts with similar 
rates of survival, no differences in complication rates are observed, regardless of 
donor age [21, 22].

Elderly donors must be rigorously assessed before kidney donation because of 
their lower glomerular filtration rate and higher risk of developing long-term hyper-
tension [23].

12.2.5  High Blood Pressure

Studies suggest that normotensive kidney donors are at an increased risk of develop-
ing hypertension. Boudville et al. reported an increase of 5 mmHg in systolic blood 
pressure in the 5–10 years after a nephrectomy. Systolic blood pressure increase is 
presumed to be a result of normal aging [23].

These findings, which have also been reported by M. Cherif et al. in a retrospec-
tive study of patients including 321 LDN, provide evidence that the increase in 
blood pressure may be greater and the rise in blood pressure may increase over time. 
At the 10-year mark, systolic blood pressure was shown to have increased by 
13.6 mmHg and diastolic blood pressure by 5.4 mmHg. Being 60 years or older and 
having a preoperative TFG were both found to be associated with increased pressure 
or arterial hypertension at follow-up [7]. According to S.A. et al., the most frequent 
complication of kidney donation was hypertension, occurring in 37.5% of patients; 
the cohort in their study comprised 21 men and 11 women. Stratification of the 
hypertension cases resulted in the following distribution: moderate hypertension in 
three patients with an average of 160/98 mmHg and minimal hypertension in 29 
patients with an average of 145/95 mmHg. Of the 32 patients, 16 had a family his-
tory of high blood pressure. All of the participants had a normal blood pressure prior 
to the procedure [4]. However, researchers in other studies have not found this 
hypertensive effect [24].

Potential hypertensive donors should have their blood pressure under control at 
the time of surgery and be without related target organ damage. The risk of kidney 
disease developing in this group is expected to be less than 1 in 100 [25].

12.2.6  Glucose Intolerance

People with impaired glucose tolerance have a higher risk of developing type 2 
diabetes; those with a family history of diabetes mellitus have up to a 30% risk 
of developing type 2 diabetes and those with no family history have up to a 10% 
risk [26].

Okamoto et al. studied 444 living donors with a mean follow-up of 7 years and 
found no difference in the development of diabetes mellitus, renal disease, or mor-
tality among donors with glucose intolerance and impaired glucose tolerance [27].
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It is considered a contraindication to donate a kidney to a recipient with diabetes 
mellitus because of a 25–51% risk of the recipient developing long-term diabetic 
nephropathy [28].

Potential donors with glucose intolerance or a family history of diabetes mellitus 
must be advised about a possible increase in the risk of developing diabetes mellitus 
and consequent nephropathy.

12.2.7  Pregnancy

Initial studies reported that there was no difference in the occurrence of pregnancy 
complications between kidney donors and the general population [29, 30].

However, more recent studies have found higher risks associated with pregnancy 
following donor nephrectomy. A study of 326 women, with a total of 726 pregnan-
cies and 106 pregnancies post-donation, reported an increase in the incidence of 
preeclampsia following nephrectomy; the incidence was 5.7% in donors and 2.6% 
in non-donors, p = 0.03. However, the rate of preeclampsia in the nephrectomy 
group was still within the range observed in the normal population. The rate of 
pregnancies with stillborn infants increased from 1.1% in the control subjects to 
2.8% after donor nephrectomy (p = 0.17) [31].

Ibrahim et al. found that pregnancy after kidney donation was significantly less likely 
to result in delivery at term (73.7% vs. 84.6%, p < 0.001) and more likely to result in 
fetal loss compared to complications during pregnancy in non-donors (19.2% vs. 11.3%, 
p < 0.001). Pregnancy after kidney donation was also associated with an increased risk 
of gestational diabetes, gestational hypertension, proteinuria, and preeclampsia [32].

12.2.8  Multiple Vasculature

In 12–33% of kidney donors, multiple renal arteries are present, and in 5–10%, 
multiple renal veins are found [33, 34]. Multiple vasculature of a donor kidney can 
cause an increase in the risk of complications in recipients, such as delayed graft 
function [35, 36].

Risks of vascular complications, hypertension, proteinuria, and Glomerular 
Filtration Rate (GFR) increase with multiple vessels vs. a single vessel have not been 
found in recent studies [37, 38].

12.2.9  Anatomic Evaluation

There is ongoing debate about whether donating a left or right kidney is the best 
option, given the small differences in the anatomy of each. The right kidney is easier 
to surgically remove, and right nephrectomy decreases the risk of laceration of the 
spleen; however, right nephrectomy is also associated with a shorter renal vein and 
an increased risk of thrombosis [39].
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Left donor nephrectomy, on the other hand, is advantageous during surgery because 
the renal vein is long; however, the left kidney is also more difficult to recover. The ana-
tomic location and the proximity to the cisterna chyli cause an increased risk of chylous 
leak; this risk is nearly 4% and is exclusively related to nephrectomy of the left side [40].

There is no documented difference in length of hospital stay, quality of life, rate of 
recipient complications, or survival of the graft in right- or left-sided kidney donation; 
there has been, however, a reported difference in speed of recovery, with the right side 
being faster than the left [41].

In summary, researchers agree that right-sided kidney donation is preferable 
because of the faster recovery period and ease of surgical removal [2].

12.3  Peri-Surgery Factors

Traditional open surgery has been replaced by minimally invasive surgery since it was 
introduced in 1995 [42]. The advantages of minimally invasive surgery include lower 
donor morbidity, a significant reduction in hospital stay, and improved donor recovery. 
It is also, however, associated with an increase in cost and operative time. Currently 
there is a gold-standard technique. Laparoscopic techniques, including laparoscopy 
and hand-assisted laparoscopy (introduced in 1998), aim to combine the advantages of 
laparoscopic technique with open surgery. These techniques facilitate a quick removal 
of the kidney and employ tactile feedback to decrease organ traction and reduce isch-
emia. The robotic technique has been associated with fewer complications and has the 
advantages of ergonomic 3D vision and use of a robotic platform [43].

12.3.1  Laparoscopic Complications

Laparoscopic complications are frequent. A prospective study of the Norwegian donor 
registry and hospital records from the United States identified a range of 6.3% for major 
complications and of 18–22% for minor complications [44]. The reported complication 
rates varied; the United States reported a rate between 2.8% and 6.8% for perioperative 
complications and between 10.3% and 17.1% for postoperative complications.

The probability of presenting perioperative complications increased by 1% for 
each 1-year increase in donor age (OR = 1.01, p < 0.0001). Women were 14% less 
likely to experience any complication perioperatively after donation (OR = 0.86, 
p = 0.001). Obese donors were 55% more likely to experience the most serious 
perioperative complications. Genitourinary, hematological, and psychiatric pathol-
ogies have all been associated with an increased risk of perioperative complications 
and are the most serious complications (Clavien ≥3) [43].

One study estimated the mortality rate to be between 0.02% and 0.03%, with pulmo-
nary embolism being the most frequent cause [4]. Risk factors associated with mortality 
include male sex, African ethnicity, and high blood pressure [8]. The greatest risks asso-
ciated with live donor nephrectomy are perioperative morbidity and mortality.
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12.3.2  Complications of Access

The first step in laparoscopic surgery is to establish access to the pneumoperito-
neum. This is the most critical and challenging phase, during which more than 50% 
of the total laparoscopic complications occur. Mortality rates range from 0.05% to 
0.2%, according to published studies [45, 46]. Complications related to access, 
including vascular injury, retroperitoneal and intestinal perforation, hernia, wound 
infection, hematoma, and abdominal wall metastasis of the trocar site, are uncom-
mon but can result in significant morbidity and even death [47]. Vascular injury, 
defined as a lesion of the large vessels, is the most serious complication and occurs 
most frequently when entering the abdominal cavity [48, 49]. Although the inci-
dence of vascular injury in laparoscopic procedures is as low as 0.05–0.26%, it can 
cause severe morbidity and death in 8–17% of patients [50, 51]. Researchers believe 
that the true incidence is greater than this rate suggests [52, 53].

Various technologies and techniques for laparoscopic access have been intro-
duced to reduce complications. The closed techniques using a Veress needle, open 
Hasson technique, and low vision direct input method have all been used. Although 
there have been several reports on major vascular injury occurring during the closed 
input technique, no consensus on the methodological superiority of a technique has 
been reached due to insufficient evidence. Based on previous studies [54, 55], the 
Veress needle is the most popular method used by gynecologists; however, novice 
surgeons prefer the open technique [48].

12.3.3  Vascular Complications

Vascular complications are reported to be the main complications to occur from the 
beginning of surgery to after the surgery has been completed. They have been 
reported in 0.03–2.7% [56] of intraoperative complications and may account for as 
much as 40% of all complications in laparoscopic surgery [57].

Major vascular injury, is the most serious and dreaded complication and 
occurs most frequently during entrance into the abdominal cavity [48, 49]. 
Although the incidence of vascular injury in laparoscopic procedures is rela-
tively low, it can cause severe morbidity and death in 8–17% of patients as 
described above [50, 51]. However, the true incidence is believed to be underes-
timated by this rate as previously stated [52, 53]. As described above, various 
technologies and techniques for laparoscopic access, including the closed tech-
nique with Veress needle, open Hasson technique, and entry under direct vision 
method, have been introduced to reduce the occurrence of complications. Although 
there have been several reports on major vascular injury during the closed tech-
nique, there is still no consensus as to the superiority of one method over the others 
[54, 55].

Additional procedures that can cause vascular complications are radical prosta-
tectomy and either partial or simple radical nephrectomy [57].
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12.3.4  Stapler Failure Complications

One study has determined that the mortality rate of donor kidneys 90 days after 
surgery is 0.03%, with ensuring the patency of both the renal artery and renal vein 
being one of the most challenging tasks [58]. Vascular control can be achieved 
through either non-transfixion or transfixion techniques. Techniques of non- 
transfixion ensure closure by suturing simple loops or clips around the vessels but 
not through them. Transfixion techniques, on the other hand, bind the suture mate-
rial through the wall of the vessel, thereby ensuring that the staple or suture material 
penetrates the artery or vein [59].

In 2006, a survey by the American Society of Transplant Surgeons revealed a 
significant number of fatal bleeding events in live donor nephrectomies (LDN) 
related to the inadequacy of certain clips. This discovery led to the contraindication 
of the Weck® Hem-o-lok® clip for control of the renal artery during LDN [58].

Simforosh et al. conducted a study on renal artery placement of Hem-o-lok clips 
that were both 10 mm and 12 mm larger than titan clips; they found no evidence of 
bleeding or mobilization of the Hem-o-lok. Consequently, this was then considered 
a safe surgical technique [8].

This result led to the wide use of the stapler system, which despite being better 
and more widely used still has the potential for failure. Failure is defined as instant 
device malfunction with the inability to meet performance expectations. This 
excludes issues such as clip size or clip length, patient bleeding, vascular leakage, 
and tissue thickness. There are few publications that reflect the failure of staplers in 
urology [60, 61].

The incidence of failures in the MAUDE (Manufacturer and User Facility Device 
Experience) database is 0.003%. Other publications report faults of 0.2% and 1.7% 
in laparoscopic nephrectomies. The overall incidence of failures is low. The actual 
incidence is believed to be difficult to assess, as voluntary reports significantly 
underestimate the true incidence [61, 62].

Stapler faults include several types of failure: poor staple line formation, incom-
plete vascular closure between staples, device failure, tissue failure, firing and open-
ing failure, and stapler misloading [63]. In total, 76% of nail failures involve poor 
line formation and shooting failure, and 47% require conversion [63, 64].

12.3.5  Digestive System Complications

Digestive system complications have the second or third highest rate of frequency 
of all complications in laparoscopic surgery, with a rate ranging from 0% to 0.9% 
[57]. Some studies have reported them as being the primary complication [43]. 
Intestinal lesions, in particular, are potentially fatal if not recognized during surgery 
and may potentially cause acute abdominal sepsis.

Intestinal injury can occur at any time during surgery. From 1993 to 1996, 639 com-
plications related to trocars were reported to the FDA (Food and Drug Administration). 
Researchers found that 134 (21%) were intestinal lesions [65]. Of these, six (4.5%) 
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were recognized and one resulted in death. Ideally, intestinal lesions should be recog-
nized at the time of surgery and repaired immediately by using a technical intracorpo-
real technique.

A meta-analysis found that the incidence of gastrointestinal injury during 
laparoscopy was 0.13% [66]. The small intestine was the organ most commonly 
injured, and the most frequent cause was trocar or Veress needle insertion 
(41.8%). The second most common cause of intraoperative intestinal lesion was 
electrocautery (25.6%). Injuries related to thermal damage to the bowel were not 
reported.

12.3.6  Urinary System Complications

As with digestive system complications, urinary tract lesions have been reported to be 
the second or third most common complication in laparoscopic surgery, although the 
incidence in the urinary tract is low, occurring in less than 1% of patients [57]. A review 
of non-urological procedures reported rates of ureteral injury of 0.09–14% [67].

Regardless of the procedure performed, identifying lesions during surgery can 
reduce future patient morbidity.

The repair of ureteral injury depends on the specific location of the lesion (proxi-
mal, middle, or distal ureter), the cause of the injury (electrocautery, crushing, liga-
tion, or transection), and the length of the ureteral loss.

Proximal and middle ureter injuries are handled with ureteral release, followed 
by debridement of devitalized tissue, blunting of edges, and closure with continued 
or separate points. Distal lesions require reimplantation of the ureters into the blad-
der. In select cases, distal reconstruction is performed, such as with the Boari flap 
technique or in psoas muscle bladder suspension.

Bladder lesion is a rare event during urologic surgery, with an incidence of 0.7% 
[57]. It is more common in laparoscopic gynecologic surgery and is especially prev-
alent in patients with a history of Cesarean section or malignant pelvic tumors [68]. 
The bladder can be repaired in two layers with absorbable sutures.

12.3.7  Solid-Organ Complications

Liver and spleen injuries represent less than 1% of all complications. The lesions 
occur mainly in the upper tract during radical nephrectomy, partial nephrectomy, or 
simple nephrectomy.

When performing right-sided approaches, injuries can occur to the right adrenal 
gland, liver, and duodenum. The majority of liver lesions can be managed with coag-
ulation, either by administering argon or by combining biological surgical glue and 
Surgicel. Duodenal injuries require rapid recognition and repair.

Spleen and pancreatic lesions may occur as a result of left-sided surgery. Pancreatic 
lesions, when extensive, can be managed with distal pancreatectomy. Another option 
is to use fibrin combined with Surgicel. If diagnosed after surgery, drainage of the 
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collection is mandatory. Any aspirated fluid should be sent for laboratory analysis to 
confirm the pancreas as the source of the drainage. Persistent drainage can be man-
aged with the administration of somatostatin.

Lesions of the spleen can be managed in a manner similar to that of liver lacera-
tions. In the presence of a large splenic lesion, splenectomy may be necessary. On 
many occasions, support from a general surgeon is appropriate [69].

12.3.8  Abdominal Wall Complications

Incisional hernias represent less than 1% of perioperative events [57], but a system-
atic review has reported postoperative rates of up to 5.2%. A total of 96% of these 
events occurred at sites 10 mm away from the trocar [70]. This rate is important 
because of the potential impact of hernias on future patient morbidity.

Predisposing factors for postoperative incisional hernia include surgical and tech-
nical factors and patient factors. Surgical and technical factors include the size of the 
fascial incision (as determined by the trocar size and the use of blades versus blade-
free trocars), the duration of surgery, the location of the ports (medium versus para-
median), an excessive manual stretch of the fascial layers, the recovery specimens, 
trocar angle, and the postsurgical closure of the fascia. Patient factors include obe-
sity, factors causing high intra-abdominal pressure (chronic constipation and cough), 
and conditions affecting wound healing (infection of the wound, diabetes mellitus, 
chemotherapy, smoking, and malnutrition).

A meta-analysis compared the rate of complications between hand-assisted 
transperitoneal donor nephrectomy and “pure” LDN. This analysis documented a 
higher rate of wound complications from hand-assisted nephrectomy (2.2% vs. 
0.5%, p = 0.02) [71].

A large retrospective study (n > 5,000 patients) showed a greater frequency of 
incisional hernia repair for HALDN procedures than for LDN procedures (0.5% vs. 
0.03%, p = 0.001) [72]. Natural orifice transluminal endoscopic surgery (NOTES) 
has been associated with rare vaginal complications, but wound evisceration and 
dehiscence have been reported.

Removal of the kidney is performed by the expansion of a port, either with a 
Pfannenstiel incision or vaginally. This process, when performed with poor technical 
skill, can cause graft injury.

12.3.9  Respiratory Complications

Donor nephrectomy is considered surgery of the upper part of the abdomen, and 
several studies have demonstrated that patients undergoing this surgery experience 
altered respiratory mechanics and decreased pulmonary function [73].

Pulmonary complications are considered to be one of the main etiological factors 
of prolonged hospital stay and mortality. The incidence rate of postoperative 

R.S. Noguera et al.



157

pulmonary complications varies from 9% to 40% depending on the diagnostic cri-
teria used [74].

Several studies have reported that the major complications are changes in pulmo-
nary function and respiratory muscle strength. The decrease in forced vital capacity 
(FVC) of 40–50%, forced expiratory volume in 1 s (FEV1), and respiratory muscle 
strength can precipitate the development of atelectasis and postoperative pain 
[74–76].

12.4  Postoperative Factors

The most substantial long-term complication is the risk of terminal renal failure for 
the donor; this is currently estimated to range from 0.2% to 0.5% [4].

Donors may experience a reduction in the size of their kidney. This is associated 
with hyperfiltration and a subsequent risk of developing proteinuria and may accel-
erate the suppression of renal function. In a systematic review and meta-analysis 
conducted by Gard et al., the researchers concluded that proteinuria in donors was 
higher than expected in the general population: up to 10% of donors exceeded 
300 mg/day. No reports have linked advanced age, female sex, or blood pressure 
with a higher incidence of proteinuria in the donor. According to the same review, 
19.44% of donors had developed a glomerular filtration rate (GFR) of less than 
60 mL/min during follow-up [7]. S.A. Azar et al. reported that all patients had nor-
mal renal function prior to the procedure and that six (6.9%) showed an average of 
1.4 creatinine mg/dL with a high of 1.8 mg/dL. Microalbuminuria has been observed 
in 10.4% of patients and hematuria in 13.9% [4, 77].

Finally, we observe that renal transplantation by LDN has a low rate of complica-
tions. However, surgeons should increase presurgical inclusion criteria to ensure 
healthy recipients and reduce the rate of occurrence of possible complications.
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13Open Donor Nephrectomy in the Era 
of Laparoscopic Donor Nephrectomy

Ravindra Sabnis, Abhishek Singh, and Arvind P. Ganpule

Abstract
Open donor nephrectomy has been extensively studied; its safety and utility 
have been proven time and again. Open donor nephrectomy is a gold standard 
procedure against which the laparoscopic technique is compared. In the coming 
pages, we shall try to understand what is the place of open surgical donor 
nephrectomy in today’s world and what are the methods of doing an open donor 
nephrectomy. This chapter critically evaluates the steps of open donor nephrec-
tomy, including the patient preparation, patient positioning, and instrumentation 
required. We shall also at the end try to compare open and laparoscopic 
techniques.

13.1  Introduction

There is an ever-increasing need for living-related renal transplantation. Worldwide 
out of the stage 5 chronic kidney disease patients, less than 10% receive renal 
transplant and about 90% die with the disease. The cadaveric kidney donation still 
accounts for majority of renal transplants in the United States; in the year 2014, 
11,570 deceased donor renal transplants were done against 5,537 living-related 
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donor transplants. But in a country like India where the deceased donor program 
has taken off only in certain parts, living-related kidney transplant is the backbone 
of the renal transplant program. Living-related kidney transplants have increased 
in number due to growing awareness, improved safety of the donor, and assurance 
that the delayed impact of donor nephrectomy would not alter the donor’s 
longevity.

Donor nephrectomy can be done laparoscopically or by an open surgical 
approach. In the United States, 50% or more of the donor nephrectomies are done 
laparoscopically [1]. In India, at some centers, all donor nephrectomies are done 
laparoscopically, many centers are trying to shift to laparoscopic donor nephrecto-
mies, but majority of the centers still do an open surgical donor nephrectomy. Open 
donor nephrectomy is a gold standard procedure against which the laparoscopic 
technique is compared [2].

Circumstances where open donor nephrectomy scores over laparoscopy are [1]:

 1. Right-sided donor with short renal vein <1.5 cm
 2. Extensive prior abdominal surgery
 3. If the transplant team feels that laparoscopy would not be safe (e.g., anatomical 

vascular variations)

13.2  Open Donor Nephrectomy

Open donor nephrectomy has been extensively studied; its safety and utility have 
been proven time and again.

13.2.1  Donor Selection and Preparation

All donors should undergo a triple-phase helical computed tomography imaging. 
This would give an anatomical road map to the surgeon. Arterial anatomy is dem-
onstrated in the first phase, venous drainage and parenchymal details are demon-
strated in the second phase, and the excretory phase opacifies the pelvicalyceal 
system. This information help the surgeon plan the side of surgery, and there are no 
intraoperative surprises. Also a radionuclide renogram is done to establish the dif-
ferential function. As a rule the better functioning kidney should be left with the 
donor. The kidney with a surgically favorable anatomy and function comparable to 
the opposite kidney may be harvested.

A single dose of intravenous antibiotic (second-generation cephalosporin) is 
administered just prior to induction of anesthesia. One to two litres of crystal-
loids are also infused prior to induction of anesthesia. A target urine output of 
100 cc/h is maintained using crystalloids and mannitol. Intraoperative hydration 
status can be assessed by looking at the turgor of the kidney and fullness of the 
renal vein.
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13.2.1.1  Instrument Trolley (Fig. 13.1)

Retractors
 A. Self-retaining:

 1. Finochietto chest spreader
 2. Balfour’s abdominal retractor
 3. Multibladed self-retaining retractors (optional)
 4. Deaver’s retractors (large, medium, and small)
 5. Right-angled retractor

 B. Instruments:
 1. Long artery forceps
 2. Right-angled dissecting forceps
 3. Long Debakey vascular forceps
 4. Babcock forceps
 5. Allis forceps
 6. Vascular clamps: Satinsky clamp, Debakey clamp, Cooley clamp
 7. Metallic clip applicator
 8. Hem-o-lok clip applicator
 9. Rib cutter and periosteal elevator

 C. Ties and clips: Silk and linen ties, ligaclips (medium and large), Hem-o-lok clips 
(large)

Fig. 13.1 Figure shows the operative instrument trolley
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13.2.2  Patient Positioning [3] (Figs. 13.2 and 13.3)

 1. Lateral decubitus: operative side up.
 2. Flank placed over the kidney bridge.
 3. Ipsilateral leg extended and contralateral leg flexed, with a pillow between the 

two legs.
 4. Patient on the ipsilateral edge of the table.
 5. Kidney bridge raised.
 6. Table flexed.
 7. Head end lowered.
 8. Patient supported medially with sand bags.
 9. Head supported with a ring pillow.
 10. Ipsilateral arm rested on a mayo stand and contralateral arm rested on an arm 

rest.

Patient at ipsilateral edge of the table

Straps

Anesthesia unit

Electrocautery

Ipsilateral leg
extended

Contralateral
leg flexed

Figs. 13.2 and 
13.3 Shows patient 
positioning
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 11. Patient strapped at the level of nipples and anterior superior iliac spine.
 12. All pressure points are padded.

Anti-embolism stockings should be used in all cases.

13.2.2.1  Surgical Steps

Principles
 1. Good exposure
 2. Gentle handling of tissue to prevent arterial spasm
 3. Preserving the golden triangle of fat
 4. Maintaining renal turgidity and diuresis throughout the procedure

Incision [3]
Incision is planned as per the location of hilum on CT angiography. It can be an 11th 
or 12th rib cutting incision. Incision starts over the rib on the posterior axillary line 
extending along the rib and then downward and medially in the direction of the 
umbilicus. The length of the incision will vary according to the habitus of the 
patient; it can be anywhere between 15 and 20 cm [3].

Skin, subcutaneous layer and the first muscle layer are incised (Figs. 13.4, 13.5 
and 13.6). The rib is then encountered, and its periosteum is incised and elevated 
using a periosteal elevator and then the periosteum is stripped of the rib. After this, 
the rib is cut using a rib cutter (Fig. 13.7). At the tip of the 11th/12th rib, the retro-
peritoneum is entered and peritoneum is swept medially. Muscles cut from superfi-
cial to deep are serratus posterior superior (posteriorly) and latissimus dorsi followed 
by external and internal oblique; transversus abdominis is encountered medially 
(Figs. 13.5 and 13.6, and 13.7).

At this point transversalis fascia is opened, peritoneum swept medially, pleura 
cranially, and Gerota’s fascia identified. Gerota’s fascia is opened between two 
Babcock clamps and perirenal space entered; perirenal fat is separated from the 
renal capsule, and the kidney is exposed laterally from the upper pole to the lower 

Costal margin

11th Rib

12th Rib

Iliac
crest

Fig. 13.4 Figure showing 
surface marking
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Figs. 13.5 and 
13.6 Figure shows layers 
of abdominal wall cut 
during the open surgical 
donor nephrectomy

Rib cutter
cutting the

11th rib

Internal oblique

Retroperitoneal fat

Fig. 13.7 Figure showing 
11th rib being cut
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pole; dissection is continued medially taking care not to enter the hilar fat (Fig. 
13.8). Now a self-retaining retractor can be placed; it is our practice to use a 
Finochietto self-retaining chest spreader with two Deaver’s retractors to retract the 
peritoneum and to expose the upper pole. A Balfour’s retractor can replace the chest 
spreader. A single Omni-Tract retractor can accomplish this job [3].

The proceeding after this step is side specific:

13.2.2.2  On the Left Side
The renal vein is identified anteriorly, it appears as a blue hue under perirenal fat, 
and in obese individuals, the gonadal vein can be identified and traced to the renal 
vein (Fig. 13.9). Once the gonadal vein is identified, uretero-gonadal packet is lifted 
en masse and slinged (Fig. 13.9). The adrenal vein is dissected by exposing the 
upper border of the renal vein; it is then ligated and cut (Figs. 13.10 and 13.11). The 
renal vein is now dissected circumferentially and toward the aorta till the aorta is 
clearly visible; in doing so, one may encounter the lumbar veins, which are ligated 
and cut. The upper pole is now separated from the adrenal gland. The kidney is dis-
sected posteriorly and renal artery pulsations are identified. The renal artery is dis-
sected gently, and the small adrenal artery may be encountered, which is to be 
ligated. The artery is dissected till its origin from the aorta.

Preserving the golden triangle of fat between the lower pole ureter and gonadal 
vein completes dissection of the uretero-gonadal packet (Fig. 13.9). The ureter is 
disconnected at a point where it crosses iliac vessels [3].

13.2.2.3  On the Right Side (Fig. 13.12)
The renal vein is identified and its junction with IVC (Inferior Vena Cava) 
exposed; IVC is dissected free of tissue for some distance so that Satinsky clamp 
can be applied on the vena cava. The gonadal vein can be spared on the right side, 

Intra gerotal dissection to
expose the kidney

Fig. 13.8 Figure shows 
intragerotal dissection done 
to expose the kidney
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or it has to be ligated and cut separately. Once the renal vein is dissected, the 
renal artery is identified and dissected posteriorly and till a retrocaval location.

Retrieval
Before retrieval one should ensure:

 1. Brisk diuresis.
 2. The kidney is turgid and pink
 3. Furosemide and mannitol are given.

If the above is not satisfactory, one should check blood pressure, check hydration 
status, give mannitol, instill papaverine, not handle the kidney, and wait for 15 min 
or till the kidney becomes firm and has diuresis. Aminophylline drip can be used in 
cases with severe spasm.

Ureterogonadal
Packet

Renal vein

Fig. 13.9 Figure showing 
uretero-gonadal packet 
being lifted and the renal 
vein dissected

Renal
vein

Adrenal
vein

Gonadal
vein

KidneyFig. 13.10 Figure 
showing completed 
dissection of the renal vein 
and ligation of the adrenal 
vein
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Surgeon should check with assistants and staff that all the things are in place and 
clamps, ties, and sutures are ready. Some centers give heparin (70 u/kg) on clamp-
ing the artery. The artery followed by the vein is clamped, doubly ligated, and then 

Adrenal
vein

Gonadal
vein

Fig. 13.11 Showing 
completed dissection of the 
renal vein with ligation of 
the adrenal and gonadal 
vein

Right kidney

Right renal artery

Right
renal vein

IVC

Fig. 13.12 Diagrammatic 
representation of the right 
kidney and hilum
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cut (Fig. 13.13). On the right side after cutting the artery, two Satinsky clamps are 
placed one above the other, the vein is cut above the second clamp, and the stump is 
then sutured with 5-0 Prolene (Ethicon, Somerville, New Jersey) in two layers.

The kidney is now flushed with 1 l chilled Ringer’s lactate to which heparin 
(5,000 iu) and hydrocortisone (100 mg) are added. In cases with multiple vessels, 
largest vessel is to be ligated at the last.

Hemostasis is controlled. Operating field is filled with normal saline to check 
for pleural leak. If pleural or diaphragmatic tear is present, it is closed over a 
feeding tube, which is placed in a bowl of saline, while the anesthetist gives posi-
tive pressure ventilation. In spite of best of the efforts, sometimes the pleura 
keeps on tearing, or in cases with large pleural defects, an intercostal tube drain 
with underwater seal should be inserted. Surgicel™ (Ethicon, Somerville, New 
Jersey) or Gelfoam is kept over vascular stump. Twenty French abdominal drains 
are placed. Muscles are closed in two layers with PDS-0, subcutaneous tissue is 
closed with Vycril 2-0 (Ethicon, Somerville, New Jersey), and skin is closed with 
nylon 3-0.

13.2.2.4  Pros of Standard Open Donor Nephrectomy [4]
 1. It is a retroperitoneal procedure, which most urologist or transplant surgeons are 

well versed with.
 2. There is no peritoneal violation, thus no long-term sequelae of the same.
 3. Exposure is excellent.
 4. On the right side when length of the renal vein is short, inferior vena caval cuff 

can be taken.
 5. There are almost no concerns of ureteric devascularization.
 6. Warm ischemic time is very short; it can be as short as 30 s.
 7. Does not require special instrumentation and has short learning curve.
 8. Potential side effects of pneumoperitoneum are avoided.

Left kidney

Ureterogonadal
packet

Renal artery

Aorta

Renal vein
Fig. 13.13 Diagrammatic 
representation of the left 
kidney and hilum
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13.2.2.5  Cons of Standard Open Donor Nephrectomy [4]
 1. Large incision, which is rib cutting
 2. Postoperative pain requiring high dose of analgesics
 3. Delayed recovery
 4. Potential Pleural Injury with its associated morbidity
 5. Postoperative paresthesia and probability of incisional hernia
 6. Poor cosmesis

13.2.3  Minimally Invasive Open Surgical  
Nephrectomy (Fig. 13.14)

Minimally invasive open surgical nephrectomy is also known as “mininephrec-
tomy.” Shenoy et al. have coined this term and described the procedure [5].

Do no harm is the first surgical lesson that a surgeon learns, and against this very 
principal is the concept of voluntary kidney donation. So the onus is on the retrieval 
surgeon to decrease the morbidity and increase the safety of the donor nephrectomy. 
In the same endeavor, the mininephrectomy procedure was developed.

The proponents of mininephrectomy argue that it is a retroperitoneal minimally 
invasive procedure; hence, it does not have any long-term problems of peritoneal 
violation, peritoneal violation like adhesion formation, also they do not require 
costly instrumentation, and there is no risk of possible graft injury secondary to 
pneumoperitoneum [5].

13.2.3.1  Principle [5]
 1. Incision through which the kidney can be retrieved is used for entire renal mobi-

lization and dissection.
 2. Posteriorly a 6–8 cm incision is used to approach the retroperitoneum, as this is 

the shortest route to renal hilum.

Light source

Kidney

Blades of
omnitract
retractor

Fig. 13.14 Showing 
diagrammatic 
representation of operative 
field in mininephrectomy. 
The Omni-Tract retractor 
blades retract the wound 
margins exposing the 
kidney, and then a light 
source is used to illuminate 
the operative field in depth
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13.2.3.2 Surgical instruments and trolley [5]
In addition to the instruments used for standard donor nephrectomy, the following 
instruments are used:

 1. Multiple bladed self-retaining retractors:
 (a) Wheatlander retractor (Aesculap, Inc., San Francisco, CA)
 (b) Thompson retractor (Thompson surgicals)
 (c) Bookwalter retractor (Bookwalter Inc. Raynham, MA)
 (d) Omni-Tract

 2. Operating loupes 2.5×
 3. Headlight
 4. Long Debakey forceps, ring forceps
 5. Long extension tip monopolar cautery

13.2.3.3  Patient Positioning
Patient has to be positioned in the same way as for standard open nephrectomy.

13.2.3.4  Incision
An incision is marked on the 12th rib, 2 cm from lateral edge of sacrospinalis mus-
cle 6–8 cm in length [5]. Muscles are cut to reach the 12th rib; a subperiosteal rib 
resection is done. Retroperitoneum is entered and peritoneum reflected medially 
and pleura cranially. A multiple bladed self-retaining retractor is set up to retract the 
wound.

As the incision is small, exposure is created in parts, using the blades of retrac-
tor; only the area of interest is exposed. If the surgeon is operating on the upper 
pole, two or more blades retract in the cranial direction, and the opposite blades 
are relatively relaxed so that a skewed exposure is achieved. Deaver’s blade is 
used to retract the kidney and sweetheart retractor blade for peritoneum and 
pleura.

13.2.3.5 Dissection
Once the retroperitoneum is entered after opening the dorsolumbar fascia, Gerota’s 
fascia is exposed. Gerota’s fascia is opened along the convex border of the kidney. 
The perinephric fat is encountered and striped off the renal capsule and excised 
starting from the mid pole to the upper pole [5]. This maneuver creates space for 
further dissection. Retracting the kidney inferiorly, the muscles superiorly, and 
peritoneum medially using blades of self-retaining retractor upper pole is dis-
sected. Further to this, the kidney is drawn cranially with blades of an atraumatic 
retractor to expose the lower pole and the uretero-gonadal packet.

The ureter is looped with some periureteric tissue and dissected till just below the 
iliac vessel crossing. The gonadal vein is dissected and traced to its inversion in the 
renal vein.

Retracting the kidney downward laterally and peritoneum medially exposes the 
renal hilum (Fig. 13.15). The adrenal vein is now dissected, clipped, and divided. 
The renal vein is now dissected completely and lumbar vein clipped and cut. 
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Following the vein, the renal artery is identified and dissected to origin. All the 
fibro-fatty, lymphatic, and nervous tissues around the artery are clipped and divided. 
For the last bit, the kidney is retracted medially, and the remaining areolar tissue is 
dissected off the kidney.

13.2.3.6  Retrieval (Fig. 13.16)
After heparinization, the ureter is first divided using clips. Hilum is exposed, the 
renal artery is secured with two large Hem-o-lok clips on a right-angled applicator, 
and vascular clamp is applied on the renal vein [5]. Vascular clamp can be used on 
the renal artery also. The artery followed by the vein is cut. The kidney is now free 
of all attachments; the kidney is now delivered vertically using a ring forceps. The 
renal artery is clipped if not done earlier, and the renal vein is sutured with 5-0 
Polypropylene suture. If the arterial stump is to be tied, a laparoscopic knot pusher 
should be used, as there is less space for the hand to go in.

13.2.3.7  Closure
Wound is inspected for hemostasis, pleural or peritoneal tear. If any tears are found, 
they are repaired with 2-0 Vycril (Ethicon, Somerville, New Jersey). Pleural tear 
should be repaired over a small tube placed in a bowl of saline, with anesthetist giv-
ing positive pressure. Intercostal drainage tube may be required on occasions where 
the complete closure is not possible.

Dorsolumbar fascia and all the muscle layers are approximated individually 
using Vycril −1 (Ethicon, Somerville,New Jersey). Subcutaneous tissue is closed 
with Vycril 3-0 (Ethicon, Somerville, New Jersey) and skin with Ethilon 3-0 
(Ethicon, Somerville, New Jersey).

In a series of 104 patients published by Shenoy et al., no patient required a blood 
transfusion. The mean operative time was 150 ± 35 min, average scar length was 
6.2 ± 0.5 cm, and length of hospital stay was 2.5 ± 1 day. Two patients had compli-
cation and one patient had early graft dysfunction [5].

Fig. 13.15 Showing 
exposed kidney, with 
dissected hilum in 
mininephrectomy
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13.2.3.8  Pros for Mininephrectomy
It is an extension of open surgery that has a shorter learning curve as compared to lapa-
roscopic donor nephrectomy and decreases morbidity. It does not require costly instru-
mentation, and patient can be saved from potential side effects of carboperitoneum; 
also potentially it saves donor from long-term sequelae of peritoneal violation.

13.2.3.9  Cons for Mininephrectomy
Exposure is critical; at all points in surgery, complete exposure of field is not pos-
sible. Continuously throughout the procedure, the kidney is to be retracted using a 
retractor, and the kidney is eventually delivered using a ring forceps, which might 
potentially injure the kidney. As oppose to standard open donor nephrectomy or 
even laparoscopic donor nephrectomy, not many centers have experience with this 
method, and it has not gained popularity; therefore multicenter long-term data is not 
available for the surgeons to have confidence in the same.

13.2.4  Intraperitoneal Open Donor Nephrectomy

It is a rarely performed procedure; most common indication in today’s world would 
be an open conversion of transperitoneal laparoscopic donor nephrectomy. 
Laparoscopic donor nephrectomy is a commonly done procedure; all the donor sur-
geons should be well versed with intraperitoneal open donor nephrectomy as they 
may require this skill set in emergency. Another indication would be simultaneous 
retrieval of any other peritoneal organ like lobe of the liver or tail of the pancreas.

13.2.4.1  Instrumentation Required Remains the Same

Incision
 1. Subcostal in case of laparoscopic procedure converted to open
 2. Chevron or midline for multi-organ retrieval

Fig. 13.16 Showing hilum 
clamped and cut renal 
artery and clamped renal 
vein in mininephrectomy
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13.2.4.2  Surgical Steps
On the right side, peritoneum is incised along the white line of toldt, colon is 
reflected medially, and duodenum is kocherized. This exposes the kidney, IVC, and 
renal hilum. The ureter is identified looped, the renal vein exposed, and upper pole 
dissected; following this, the renal arterial dissection is started. The rest of the dis-
section proceeds similar to way described earlier.

On the left side, again the peritoneum is incised along the line of Toldt; spleen- 
renal ligament is cut. The colon is reflected medially along with the spleen. Uretero- 
gonadal packet is lifted en masse; the gonadal vein is traced to the renal vein. The 
renal vein is identified dissected, adrenal vein is identified opposite to gonadal vein, 
and it is then dissected and clipped. The upper pole is freed, keeping the adrenal 
gland with the donor. The renal artery is identified posteroinferior or posterosupe-
rior to the renal vein and dissected till its origin. The rest of the dissection proceeds 
as described earlier.

13.2.5  How Does Open Donor Nephrectomy Compare 
with Laparoscopic Donor Nephrectomy?

Laparoscopic donor nephrectomy (LDN) has evolved, but it is always compared to 
the gold standard, which is the open donor nephrectomy (OND). When one thinks 
of the upside of OND, one thinks of decreased operative time and warm ischemic 
time as compared to LND. Also laparoscopic surgeons have a bias toward the left 
side; one also thinks about possibility of getting shorter vessels and complication in 
LND. In the coming paragraphs, we shall see the comparison of the two 
modalities.

13.2.5.1  Operative Time
One argument for open donor nephrectomy has always been shorter operative time 
in a study published by ole Øyen et al. The mean operative time for laparoscopic 
donor nephrectomy (LDN) was 180 (110–295) min as opposed to 140 (95–223) min 
for open donor nephrectomy (ODN) [6]. Simforoosh et al. have also showed the 
operative time in OND is significantly less (152.2 vs 270.8 min) [7].

13.2.5.2  Warm Ischemia
Warm ischemic time is less in ODN as compared to LND 1.87 (1–5 min) vs 8.7 
(4–17 min) [7]. This has also been proved by another study 1.4 (0.9–3.2 min) vs. 4.3 
(2.1–11 min) [6].

13.2.5.3  Hospital Stay and Analgesic Requirement
Hospital stay is decreased in LND as compared to OND (2–3 days vs 4–6 days) [6, 
8]. Analgesic requirement in OND is more as compared to LND (36.4{5–98 mg of 
morphine equivalents} vs 28.1{0–7,798 mg of morphine equivalents}) [7]. The 
intensity of the pain experienced by patients undergoing OND is more. [7]. The 
mean time to resume all routine activities is less in LND [10]. Also the mean donor 
satisfaction is also higher in LND [7].
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13.2.5.4  Graft Function
Graft function is comparable in both groups, and increased warm ischemia probably 
does not impact the graft outcome [7, 9].

13.2.5.5  Complications
The complication rate in both modalities is comparable, but the pattern of complica-
tions is different. ODN can cause pneumothorax, flank nerve entrapment, and flank 
hernia [11], whereas complications with LND include vascular injury, adjacent 
organ injury, and ureteric ischemia.

After discussing ODN in detail, we would have to agree that LDN is replacing 
ODN and it is here to stay. But nonetheless all the donor surgeons should be well 
versed with open technique, as it may be grace saving whenever complication 
occurs. Also in situations where the renal vein is less than 1.5 cm on the right side 
and when donor has already undergone multiple surgeries, OND would be the way 
to do it.
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