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1. Introduction

Laparoscopic surgery for live donor nephrectomy has been well implemented in kidney
transplant centres around the world since mid 1990s [1-3]. It has been demonstrated that
laparoscopic surgery has the advantage of smaller incision, less pain, quicker recovery and better
cosmetic appearance and comparable kidney graft function when compared with conventional
open surgery [2,4-6]. There are various surgical techniques with two major approaches
transperitoneal laparoscopy and retroperitoneal retroperitoneoscopy. Hand assistance to each
of these two approaches has also been widely employed. There is no large clinical trial to
demonstrate which technique is superior to another, although some literature reviews have
found there is a tendency of less blood transfusion, less vessel injury, less conversion to open
surgery and less delayed graft function rate in retroperitoneoscopic approach [7,8]. However,
the papers included in these literature reviews have a high heterogeneity and the interpretation
of the results has to be with caution. As it is well understood that live donor nephrectomy is a
very technical demanding surgery as the donor is a healthy person to undergo a major surgery
for others benefits. There is a zero tolerance of any complications from surgery of live donor
nephrectomy. Nevertheless, from large cohort studies and reviews, the major complication
with Clavien Grade III or higher have been reported about 7.3%, while all complications were
about 17% from laparoscopic live donor nephrectomy [9,10]. Therefore, a proper training and
supervision of the surgical technique is fundamental for live donor nephrectomy by laparoscopic
surgery. This chapter will overview the techniques for laparoscopic and retroperitoneoscopic
live donor nephrectomy. The advantage and disadvantage of each technique and the prevention
and management of the complications will be also discussed.
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2. Assessment of Live Kidney Donor

It is essential for a potential donor to undergo a rigorous assessment of the suitability
for a kidney donation in the setting of a multidisciplinary team. Many guidelines have been

established by various nations. The key points are summarized below [11-15].

Assessment of a potential live kidney donor should be in a planned logical structure
to avoid inconvenience and minimize the travels to the hospital. The potential donor should
be fully supported emotionally and socially at all times. The past and present medical history
should be taken with focus on these diseases:

Hypertension, Diabetes, Kidney stones, Urological disorder

Infection disease: (Sexual transmission disease, HIV, Hepatitis B, Hepatitis C,
Tuberculosis, Malaria and other geographical featured parasite infection disease)

Malignant disease, Cardiovascular disease, Respiratory disorder, Mental health and
social condition

Assessment of kidney function:

It 1s fundamental to measure Glomerular filtration rate (GFR) for assessment of kidney
function during workup. The threshold of GFR for consideration of kidney donation is > 80ml/
minute/1.73M2. There is a justification for GFR based on gender and age from UK guideline
as below:

https://bts.org.uk/wp-content/uploads/2018/01/BTS LDKT UK Guidelines 2018
Consultation Draft.pdf
Age and Gender-Specific GFR based on almost 3000 Healthy Potential UK living kidney donors

Age(years) Measured GFR (mL/min/1.73m2)
Male Female

20-29 100 (74-126) 98 (72-125)
30-34 100 (74-126) 98 (72-125)
35 99 (73-126) 98 (72-125)
40 96 (70-122) 94 (68-121)
45 93 (67-119) 91 (64-117)
50 90 (63-116) 87 (60-113)
55 86 (60-112) 83 (56-109)
60 83 (57-109) 79 (52-105)
65 80 (54-106) 75 (48-101)
70 76 (50-102) 71 (44-97)
75 73 (47-99) 67 (40-94)
80 70 (44-96) 63 (36-90)
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Donor Age:

Most transplant centers do have concerns for potential donor with age <21 years old due
to their long life after donation and considered as relative contraindication. The donor of age <
18 is not considered for donation. There is no upper age limit for live kidney donation. Extra care
must be taken for donors age > 60 years as increased risk of perioperative complications.

Donor obesity:

It is recommended that the donor’s BMI should be < 30 kg/M?; the donation should be
discouraged if the BMI >35 kg/M?. Further discussion should be made for donation with effort
to lose body weight if BMI is between 30-35 kg/M?.

Proteinuria:

Albumin excretion > 300mg/day or protein excretion > 500mg/day is absolute
contraindication for kidney donation.

Screening of infection diseases:

Routine screening includes HIV, HCV, HBV, EBV, CMV, Herpes Simplex and
Toxoplasmosis. Additional screening may be necessary subject to local epidemiology of
infection disease

Screening of malignancy: The screening test should be based on local epidemiology and use
similar protocol for cancer screening in general population.

Surgical imaging: Multidetector computed Tomography Angiography (CTA) has been widely
used in live donor work up for kidney anatomical study since late 1990’s. The accuracy for even
small accessary artery is about 95%-100% [16,17]. Other pathologies can also be identified on
CTA if present such as renal cyst or renal mass lesion. Renal collecting system can be better
visualized by a delayed phase while the contrast is excreted into the collecting system or
taking an abdominal x-ray film including kidney, ureter and bladder (KUB) immediately post
CTA [18]. Alternately, Magnetic Resonance Angiography (MRA) can be used for live kidney
donor work up if CTA is contraindicated for the potential donor. The accuracy for small vessels
by MRA is inferior to CTA [19].

3. Surgical Techniques

3.1. Trans peritoneal Laparoscopic Live Donor Nephrectomy (Take left as an example):
[20].

The patient is under general anesthesia with endotracheal intubation and a urethral
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catheter inserted. The patient is secured in a flexed, lateral decubitus position with left side
up and careful padding at pressure area. One dose of antibiotics (Cefazolin 1.0 gram IV) is
given at induction. Heparin 5000 IU is injected subcutaneously. Mannitol (20 grams) is given
intravenously about 30 minutes prior to renal vessel division.

After prep and drape, a small incision (2 cm) is made at the ipsilateral mid-clavicular
line cranial to umbilicus for the camera Hansson port and a pneumo-peritoneum is established.
A 30 degrees scope is inserted via the Hasson port and inspection of the intra peritoneal organs
is conducted. A 5-mm/12 mm port is inserted under vision at the site below the costal line
for the left hand and A 12 mm port is inserted for right hand at the site forming a working
triangular shape with other 2 ports. Sometimes, a fourth port may be required for retraction if
exposure of renal hilum is difficult. It is usually placed via the left flank under the vision.

A dissection is commenced by incising the white line of Toldt and the descending colon
i1s mobilized medially (Figure 1). The kidney is exposed and the ureter is identified. The bundle
of ureter with gonadal vein is lifted up with left hand instrument (Figure 2). The dissection
is continued along with the gonadal vein leading towards the renal vein. The anterior tissue
over the renal vein is dissected and the adrenal vein is identified and divided. The lumbar
veins are dissected and divided for better exposure the renal artery. The renal artery is then
further dissected free from surrounding tissues. After completion of the renal vein and renal
artery dissection (Figure 3), the ureter is divided at the level of iliac vessels with the gonadal
vein. The gonadal vein may be left behind without taking with the ureter [21]. The kidney is
mobilized free from the attachment. Care is taken around the upper pole area avoid accidental

injury to the spleen, pancreas and pleura.

After mobilization of the kidney, a small incision is made at the left iliac fossa for
delivery of the kidney graft. Sometimes a Pfannenstiel incision may be used as alternative. The
Endocatch bag is introduced via the corner of the small incision and the kidney is placed in
the bag. The Endo-TA vascular stapler is used to secure the renal artery (Figure 4). Two large
Hem-o-lok (locking polymer clips) are used to secure the renal vein (Figure 5). Then renal
pedicle is divided and the kidney is delivered in the bag via the small incision.

The kidney is perfused immediately with cold (4 °C) UW solution (UW 1 L + 10, 1000
IU of heparin) while immersed in the ice slush on the back table. The kidney is prepared and
excessive fat tissue is cleaned on the back table for transplantation.
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Figure 1: The white line of toldt incised and the descending colon mobilized medially

Figure 5: The Renal vein secured with large hem-o-lok x 2
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3.2. Hand-assisted laparoscopic donor nephrectomy

Hand assistance is a modification to the pure laparoscopy. It is felt easier with a hand
in situ for helping the dissection and ready for controlling bleeding if it occurs. Some studies
have shown the kidney graft warm ischemic time is shorter by hand assistance [22]. But, the
length of hospital stay is longer and estimated blood loss from the surgery is greater than
pure laparoscopic technique [23]. However, these conclusions are controversial from different
studies. It is understood many transplant units have employed this hand-assistance technique
[24-28].

3.3. Retroperitoneoscopic live donor nephrectomy

Retroperitoneoscopic live donor nephrectomy was first reported by Yang et al in 1994
[29]. But it has not been widely employed. From the literature, it is learnt that most of Asian
countries and some of European countries are in favor of this approach. Retroperitoneosocopic
approach has the advantage of quick access to renal vessels, better visualization of the lumber
veins, avoid violating intra abdominal organs. The kidney graft function is comparable to
those by transperitoneal laparoscopic approach [30]. Recently, there seems to be an increase in
recognition of retroperitoneoscopic live donor nephrectomy [7,8,31-33].

Surgical technique (Take the left side as an example): [34,35]

One dose of prophylaxis antibiotics (Cefazolin 1.0 gram) is given intravenously. Heparin
5000 IU 1s injected subcutaneously after intubation.

The patient is secured in a flexed, decubitus position with left side up. A small incision
i1s made at the media axillary line, 1 cm below the 12th rib. The diathermy is used to cut the
muscular layer and the lumbar dorsal fascia until the retroperitoneal fat is encountered. The
retroperitoneal space is created by a gentle dissection with an index finger followed by insertion
of a balloon dilator to the retroperitoneal space. A 0° scope is placed inside of the balloon
dilator and the working space is created with peritoneum pushed medially by inflation of the
balloon under vision. The ureter is often visualized with its peristalsis (Figure 6). The balloon
dilator is replaced with a Hanson balloon port for camera. The pneumo-retroperitoneum is
established per laparoscopic surgery. A 12 mm port is inserted at the site 3 fingers anterior to
the camera port under vision for the left hand instrument. Another 12 mm port is placed under
vision at the renal angle 3 fingers posterior to the camera port for the right hand.

The dissection is started by incising the Gerota fascia towards the upper pole of the
kidney in parallel with the Psoas muscle. The perinephrectic fat and the proximal ureter are
exposed (Figure 7). A fan retractor is usually used to lift kidney medially. The renal pedicle
is inspected by visualizing the pulsation of the renal artery. The lumber veins are usually
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encountered around the renal artery, which are carefully dissected and divided for better
exposure of the renal artery. The renal artery is further dissected free from surrounding tissues
with caution. The renal vein is then dissected free from the surrounding tissues. The gonadal
vein is seen inferiorly joining to the renal vein. The gonadal vein can be divided by Ligasure

or remain attached to the renal vein.

At this stage, the kidney is mobilized free from its attachments. In some donors, the
posterior perinephrectic fat could be excised to give a better vision during mobilization of the
kidney. The upper pole of the kidney is dissected moving towards anterior aspect of the kidney.
The focus at this stage is to identify the adrenal vein, which is then dissected and divided
obtaining a better length of the renal vein. The dissection is continued along the anterior aspect
of the renal vein towards the lower pole of the kidney anteriorly. The whole kidney, renal
artery and renal vein are now is completely free from the attachment (Figure 8). The ureter is
divided at the level of the iliac vessels. At this stage, a small incision (8 cm) 1s made at the left
iliac fossa for access to the retroperitoneal space for delivery of the kidney graft. Care is taken
without breaching the peritoneum. A Gel port is placed over the small incision for easy access

to the retroperitoneal space.

Pneumo-retroperitoneum is established again. The kidney is lifted up with a left hand
instrument and the renal artery is properly exposed. An Endo-TA vascular stapler is applied
to seal the renal artery (Figure 9). For better access to the renal vein, the renal artery is first
divided by a pair of endoscopic scissors. Two large Hem-o-loks are applied to seal the renal
vein (Figure 10) and the renal vein is divided.

The kidney is free to be removed via the Gel port and perfused immediately with cold
UW solution (1L+10, 000 IU of heparin) while immersed in the ice-slush basin. The kidney
graft is inspected for quality of perfusion and is prepared for transplantation.

The incision at left iliac fossa is closed first and hemostasis is carefully checked with
pneumatic pressure at 6 mmHg. The renal bed is washed with normal saline. The incision and

port sites are closed in layers.

4. Surgical Complications and Management
4.1 Perioperative complications

4.1.1. Bleeding

The incidence of perioperative bleeding was reported from 1-17% in the era of
laparoscopic live donor nephrectomy, which is slightly higher than the rate of 0.3-3% from
open live donor nephrectomy [4,10,36]. Accidental injury to the major vessel may occur

during dissection of the renal artery and vein. On the left side, the lumbar veins are often
7
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in large caliber and short. The extra care needs to be taken during dissection and division
of them. The incidence of major vessel injury is about 1-3%, which is more likely require
conversion to open surgery immediately to avoid the serious consequence [10,26]. About
half of the conversion from laparoscopy to open surgery was due to the bleeding [2,26]. The
conversion rate ranged from 0% to 13.3 % [4]. The intraoperative transfusion rate was 0-10%
for laparoscopic donor nephrectomy while it was 0-5% in open live donor nephrectomy. The
post-operative blood transfusion rate is around 1-7%% in the cohort of laparoscopic live donor

nephrectomy, whereas it was about 3-5% from open live donor nephrectomy [1,2].

The most critical issue for live donor nephrectomy is how to secure the renal artery. It is
recommended to use transfixion device (vascular stapler). Vascular endo-clip or Hem-o-lok is
not recommended to use as along for seal the real artery stump as the risk of massive bleeding

J
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Figure 6: Retroperitoneal working Space creeated and the ureter visualised

Renal Vein

Figure 8: The renal artery and renal vein dissected



Kidney Transplantation

B s
Renal vein . » Renal artery
. -

Figure 10: The renal vein secured by large Hem-o-lok x2

if it 1s dislodged during post-operative period [37,38]. There were some reports of donor death
as a result of using non-transfixion device (Hem-o-lok slipped off the renal artery stump) post
laparoscopic live donor nephrectomy [37,39]. The Majority of surgeons apply the Endo GIA or
Endo TA for renal artery control as the safest technique in a survey from America and Europe
[37,40]. However, there were some reports on faulty of the vascular stapler resulting in the
jam of the device or malfunction [40-42]. It should be aware that no of these current available
devices is perfect for securing the renal artery stump [40]. So to be prepared for further action
if this occurs. Nevertheless, it is noted that some studies have reported that the Hem-o-lok
is safe and reliable for securing the renal artery for live donor nephrectomy without adverse
event [6,43-45]. So the surgeon needs to make sure which device he or she felt confident to
apply for live donor nephrectomy.

The mortality rate for laparoscopic live donor nephrectomy is about 0.03%, one
major cause is due to bleeding and anther one is due to pulmonary embolism (PE) [2,4,10].
This mortality rate of 0.03% has not changed since the era of open live donor nephrectomy
[4,20,24]. PE may occur even two weeks after discharge. Therefore, it is important to have a
strict protocol for prophylaxis of DVT/PE for 4 weeks after surgery [46,47]. In our practice,
the donor is routinely given Clexane 40 mg subcutaneously daily injection for 4 weeks after
discharge [20].

4.1.2. Adjacent organ injury

Adjacent organs can be injured during the dissection of the kidney. On the left side,
the splenic laceration has been reported about 1-2% [7,10]. It may result in a large hematoma
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formation or requirement of splenectomy. The bowel injury and perforation have also been
reported [10]. The bowel obstruction, ileus and internal hernia may occur after laparoscopic
transperitoneal approach [10,48]. The care must be taken during the procedure when the
instrument is inserted into the operation field. The tip of instrument should be always kept
under vision, in particular when it is in motion. Retroperitoneoscopic approach is superior in
this regard as it avoids violation to the intra abdominal organs [7,8]. Bladder injury has been
reported when Pfannenstiel incision is used for delivery of the kidney graft [49].

4.1.3. Kidney graft injury

Kidney graft can be injured during the dissection with instrument causing hematoma or
laceration of the kidney. At the early era of laparoscopic live donor nephrectomy, some kidney
grafts were lost as a result of accidental injury to the vascular structure, which is not amenable
for transplantation. The kidney graft can be fractured by Endocatch device or by the tight edge
of the incision [50,51]. Therefore, care should be taken at all times during handling the kidney
graft.

4.1.4 Wound infection and hernia formation

Wound infection rate is very low in live donor nephrectomy. It is usually minor with
local erythema or discharge when it occurs. This minor infection is often resolved satisfactorily
by local wound care and oral antibiotics treatment. The incidence of incisional hernia from the
small incision is about 2-4% [52-57]. The major wound infection is a risk for hernia formation.
For Hanson port, the muscular layer closure is required to prevent hernia formation. For other
ports, the fascia and subcutaneous fat closure are efficient to prevent hernia prior to skin closure.
For the small incision of delivery the kidney, proper layer closure is important to recover the
anatomical structure and prevent hernia formation.

4.1.5 Chyle leak or Chylous Ascites

Chyle leak or Chylous ascites is a rare complication following laparoscopic or
retroperitoneoscopic live donor nephrectomy. The incidence was reported from 1% - 3.8 %
[58]. The cause of chyle leak is due to the unsealed lymphatic tubes after division during the
dissection of the renal pedicle. If a large lymphatic trunk is not sealed during the dissection,
some milk like chyle fluid can be seen in the surgical field. The care should be taken to stop
this leakage before completion of the surgery to prevent chylous ascites. The occurrence of
chyle leak or chylous ascites ranges from day 1 to day 45 after surgery. It is associated with
increase of diet with the progress of recovery. For mild to moderate chyle leak < 800 mL /24
hours. The patient is required on low fat diet for 1- 2 weeks. The drain is remained in situ and
the volume is monitored on daily basis. Octreotide 100ug subcutaneous injection 3 times a day
is recommended. A dietician should be involved to give patient education regarding the oral

10



Kidney Transplantation

intake. Most time, the patient will recover without further consequence. For severe Chylous
ascites > 800 ml/24 hours, the patient should be restricted without any food by mouth but
water only. The TPN should be commenced immediately. The patient is closely monitored
the progress and the response to the treatment. Surgical exploration and sealing of the leakage
should be considered if the drain is ongoing with high volume. Extra care is required for severe
chylous ascites to prevent malnutrition and infection [58-60].
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