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ARTICLE INFO ABSTRACT

Introduction: A major goal in living donor kidney transplantation is to reduce the physical burden for the donor.
Key-hole surgery for donor nephrectomy is a safe procedure, but concerns regarding donor safety during the
learning phase might be the reason for surgeons’ reluctance to change to a minimal invasive approach.
Material and methods: We analyzed the first 100 retroperitoneoscopic donor nephrectomies (RPDN) performed at
our institution and compared the results to the last 50 mini incision donor nephrectomies (MIDN) regarding
donor and recipient outcome, and analyzed the learning curves of RPDN.

Results: The learning phase of RPDN was very short with significantly shorter operative times compared to MIDN
(118 vs. 175 min, p < 0.001) and significantly fewer surgical complications (p = 0.03). RPDN patients rated
the physical burden (p = 0.01) as lower, and they felt less bothered by the surgical scar (p = 0.03).
Conclusion: Introducing RPDN is safe, even during the learning phase of the surgeons. Changing surgical tech-
nique from MIDN to RPDN reduces the surgical burden of the procedure. Our study might encourage more
transplant centres to adopt a minimally invasive approach.
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1. Introduction

Living kidney donation is performed with increasing frequency
worldwide [1]. In Germany, the numbers remain nearly constant with
548 living kidney donations performed in 2017 in 38 hospitals. More
than one third of the donor nephrectomies are reported to be performed
with an open approach (https://iqtig.org/downloads/auswertung/
2017/nls/QSKH_NLS_2017_BUAW_V02_2018-08-01.pdf; 5.2.2019).
This is in contrast with European and international recommendations
[2,3] recognizing the reduced physical burden for the donor by using
less invasive surgical techniques.

One reason to use an open approach might be the surgeons’ con-
cerns regarding donor safety. There is no doubt that it is of the utmost
importance to maximize donor safety, while minimizing the burden
associated with the procedure. The technique of choice at many centers
nowadays has become laparoscopic donor nephrectomy [4-6], but
several studies show the same positive effects for retroperitoneoscopic
donor nephrectomy (RPDN), with the benefit of shorter operation time

and shorter warm ischemia time [6-9]. Compared to open donor ne-
phrectomy, key-hole surgery in general is associated with less post-
operative pain, faster convalescence, and faster return to normal ac-
tivities as well as higher patient satisfaction, whereas complication
rates and graft function appear to be comparable [4,10,11].

Due to the encouraging results reported for RPDN and after an ob-
servational stay in Basel, Switzerland we decided in 2011 to change the
technique of donor nephrectomy from a retroperitoneal anterior mini
incision donor nephrectomy (MIDN) to RPDN.

In a medium size German transplant center with 20-30 living do-
nations per year, three surgeons were trained on the technique fol-
lowing a structured program. We established a close, standardized
follow-up schedule and collected prospective data with a follow-up of at
least one year to ensure donor and recipient safety. Furthermore, we
investigated whether patients profited from RPDN by analyzing a pre-
viously established questionnaire.
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2. Patients and methods

At our institution, a university medical center, 150 living donor
nephrectomies were carried out between March 2009 and April 2015.
Per year, 21-28 donations were performed. In March 2011, the tech-
nique of donor nephrectomy was changed from MIDN to RPDN. We
compared the last 50 MIDNs to the first 100 RPDNs done by three
surgeons including the learning phase of RPDN. Data of the MIDN
group were collected retrospectively from the electronic patient chart,
while RPDN data was collected prospectively. Furthermore, with the
introduction of the new technique, a structured surgical follow-up
program for the donors was established to ensure the safety of the new
procedure.

Protocols of the living donor survey were reviewed and approved by
the Medical Faculty's Ethical Committee (No. M-196/07). Written in-
formed consent was obtained from all participating patients. Research
was performed in accordance with the declaration of Helsinki, and the
work has been reported in line with the STROCSS criteria [12].

Besides demographic data of donor and recipient, surgical compli-
cations of the donors, operation time of the donor operation (skin to
skin including perfusion and preparation of the organ), time of dis-
charge, and recipients' outcome were recorded. Furthermore, the do-
nors’ own rating of the consequences of donor nephrectomy was re-
corded with a questionnaire three months and one year after donation.

2.1. Operation technique

The already described technique of MIDN [13] used a total retro-
peritoneal approach with an approximately 10 cm pararectal incision.
MIDN was performed between July 2007 and March 2011 by six spe-
cialized transplant surgeons in a highly specialized department of he-
patobiliary surgery and visceral transplantation. Most of the surgeons
had previous experience with open donor nephrectomy, therefore no
structured program was established when MIDN was introduced in
2007. In the analysis described here, we did not include the learning
phase of MIDN, but the last 50 procedures performed, to compare our
results in the learning phase of RPDN with a well established procedure.

RPDN was carried out as described before [14-17]. We modified the
technique by using three 12 mm trocars. The first trocar was placed
below the 12th rib and above the horizontal line of the translucent
erector trunci muscle to prepare the retroperitoneal space with the
herloon hernia balloon (Braun, Melsungen, Germany). After preparing
adequate space, the first trocar was used for the camera and the second
and third trocar were placed above the hip and in the lower abdomen.
After preparing the renal vessels and the ureter from a dorsal approach,
the kidney was released from the retroperitoneal fatty tissue. After
preparing all anatomical structures, the trocar in the lower abdomen
was removed and the incision was widened to a 7-8 cm gridiron inci-
sion, and a hand of the surgeon was introduced to assist the transection
of the ureter and the renal vessels and the extraction of the kidney
[18,19].

RPDN was adopted into clinical routine after an observational stay
of two surgeons in Basel, Switzerland in 2011. Thereafter, RPDN was
used as standard technique and all donor nephrectomies were per-
formed via the retroperitoneoscopic approach. To ensure the safety of
the new procedure, fixed surgical teams were established, and a
structured surgical follow-up for the donors as well as a prospective
database of surgical complications were introduced.

2.2. Donor management

All patients were evaluated as living donors by the outpatient de-
partment of our center according to the Amsterdam protocols [20]. Side
decision was based on kidney function and anatomy of the renal vessels.
Multiple arteries were not a contraindication. Both right and left sided
nephrectomies were conducted. Donors were educated during surgical
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evaluation to mobilize quickly after the operation, to take adequate
pain medication and have normal oral intake as soon as possible. All
patients received pain medication with piritramid and acetaminophen i.
v/s.c. Every 4h for 24h followed by oral acetaminophen/codein,
switched to acetaminophen after day three, if necessary. All patients
were required to stop smoking at least four weeks prior to the opera-
tion. Oral contraception was stopped before donation. Patients were
told to expect a hospital stay of five to seven days, but to discharge at
their own discretion.

Physical thrombosis prophylaxis including early mobilization was
carried out in all patients. Pharmacological thrombosis prophylaxis was
not used routinely and was restricted to patients with risk factors. No
heparin was used during organ harvesting or organ perfusion. While the
bladder catheter was removed one or two days postoperatively in the
MIDN group (dependent on the mobility of the patients), it was re-
moved in the operation room after RPDN, and all donors were ambu-
lated 6 h after the operation.

Surgical complications were recorded from the patients’ electronic
charts in case of MIDN and prospectively documented in a living donor
database in case of RPDN during surgical follow-up visits four weeks,
three and six months, and one year after donation. Surgical complica-
tions are reported for the first year post operation. Complications were
graded according to the modified classification for live donor ne-
phrectomy [21]. Follow-up was available for all but one patient. One
donor in the MIDN group donating for his child was lost to follow-up
without any medical problems at discharge. Complete routine follow-up
until three years after donation was available for all other donors.

2.3. Donor questionnaire

All German-speaking donors were asked during evaluation to take
part in a psychological survey to evaluate physical and psychological
outcome of living kidney donation. Paper questionnaires were sent by
mail with stamped return envelopes enclosed. The questionnaires were
filled out at three months and one year respectively by 26 and 27 do-
nors in the MIDN group (63% and 66% of 41 German-speaking donors)
and 65 and 67 donors in the RPDN group (76% and 79% of 85 German-
speaking donors). For our study, we analyzed a questionnaire based on
the European Multicenter Study ‘Transplantation of Organs from Living
Donors’ (EUROTOLD) [22]. The items relevant for our study referred to
the operation and its consequences, which donors had to rate on a five-
point Likert scale (0-4) with higher scores indicating more impairment.
The following questions were included: “As how strong did you per-
ceive the physical burden of the living donation?“, “As how strong did
you perceive the psychological burden of the living donation?“, “How
strong was your pain after the operation?“, “How much does the sur-
gical scar bother you?“. Furthermore, in open questions, which were
later categorized, they were asked to report current problems and im-
paired activities they attributed to the donation.

2.4. Statistics

Data analysis was performed using SPSS Statistical Software for
Windows, version 15.0 (SPSS Inc., Chicago). To analyze differences
between groups, t-tests for independent samples or Chi-square tests
(according to scale level) were applied. For all tests, probability values
lower than 0.05 were considered significant. Two-tailed tests were
applied. To determine the learning curves of the surgeons, a cumulative
sum (CUSUM) analysis of the operation time was carried out by using
SAS software (version 9.4; SAS Institute). First, cases were ordered
chronologically from the first to the last date of surgery. The CUSUM for
surgeon 1 (S1) was then calculated by the following formula:
CUSUM; = Z';=1 (xj — %;) , with x; being the individual operation time
of S1 and %; being the mean operation time of $1. The CUSUM of two
surgeons was plotted, and the learning curves were compared to each
other [23,24].
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Table 1
Demographic and preoperative clinical characteristics of MIDN and RPDN do-
nors.

MIDN N = 50 RPDN N = 100 P
Donor age (years) (mean and range) 52.1 (25.0-79.0) 54.0 (27.0-76.8) n.s.
Donor BMI (mean and range) 25.5 (18.5-33.8) 25.8 (19.8-35.3) n.s.
Female donors 30 (60%) 67 (67%) n.s.
S-creatinine (mg/dl) before donation 0.8 (0.5-1.2) 0.8 (0.4-1.2) n.s.

(mean and range)

MIDN: mini incision donor nephrectomy, RPDN: retroperitoneoscopic donor
nephrectomy; n.s.: not significant.

3. Results
3.1. Patient characteristics

Table 1 shows demographic and preoperative clinical characteristics
for all donors in the MIDN and the RPDN group. With a mean age of
52.1 and 54.0yearsat the time of donation, there was no significant
difference between MIDN and RPDN donors. In both groups, the ma-
jority of donors were female. There were no significant differences
between MIDN and RPDN donors regarding mean BMI and mean
serum-creatinine.

3.2. Surgical procedure and postoperative clinical data

Table 2 shows surgical and postoperative clinical data. In the MIDN
group, 66% right donor nephrectomies were performed, in the RPDN
group 58%. Mean operation time was significantly shorter in the RPDN
group (118 min vs. 175 min, p < 0.001). The first warm ischemia time
in the RPDN group was about 3min (mean: 199s, range: 94-440s).
This data was not measured in MIDN.

The mean length of hospital stay was significantly shorter in the
RPDN group (4.9 days vs. 6.3 days, p < 0.001). One patient was ex-
cluded from this analysis in the RPDN group. This was a mother ac-
companying her disabled (adult) child until discharge of the recipient.
The mean serum-creatinine one year after donation was comparable
between the groups (1.2 mg/dl in both groups). There was no donor
mortality or donor dialysis observed.

3.3. Surgical complications of the donors

Table 3 shows intra- and postoperative complications within one
year after donation.

In the MIDN group, 14 complications occurred in 13 patients (26%).
Most complications were mild. One patient suffered from two poten-
tially life-threatening complications (lung embolism and small bowel
injury). A second patient needed a resection of a granuloma of the vocal
cord, possibly related to the intubation.

In the RPDN group, 12 complications occurred in 12 patients (12%).

Table 2
Surgical data and postoperative clinical characteristics of MIDN and RPDN
donors.

MIDN RPDN P
Right sided nephrectomies 33 (66%) 58 (58%) n.s.
Kidneys with multiple arteries 11 (22%) 18 (18%) n.s.
Skin to skin time (min) (mean and 175 (112-250) 118 (70-271) < 0.001
range)
Time to discharge after donation 6.3 (3-12) 4.9 (3-13) < 0.001
(days) (mean and range)
S-creatinine (mg/dl) 1 year after 1.2 (0.8-1.8) 1.2 (0.8-1.9) ns.

donation (mean and range)

MIDN: mini incision donor nephrectomy, RPDN: retroperitoneoscopic donor
nephrectomy; n.s.: not significant.
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Table 3
Surgical complications of MIDN and RPDN donors.
GRADE COMPLICATION MIDN RPDN
N =50 N =100
1 Urinary tract infection 5 (10%) 2 (2%)
Other infections 3 (6%) 0
Gastritis 1 (2%) 1 (1%)
Prolongation of warm ischemia time - 1 (1%)
Mild wound complications 0 2 (2%)
Unplanned visit due to pain or other 2 (4%) 5 (5%)
complaints
2A None
2B Granuloma of the vocal cord 1 (2%) 0
2C Conversion to open surgery/extension - 1 (%)
of gridiron incision
3 Lung embolism Small bowel injury 1(2%) 1 00
(2%)

MIDN: mini incision donor nephrectomy, RPDN: retroperitoneoscopic donor
nephrectomy.

All complications were mild. In one patient, the gridiron incision had to
be extended to attend a laceration of the vena cava. No blood trans-
fusions were given, but bleeding exceeded 500ml. In one patient,
bleeding < 500 ml from the renal vein led to prolongation of warm
ischemia time to 7 min without negative consequences for the donor or
the recipient.

In the RPDN group, a lower percentage of donors had surgical
complications in the first year compared to the MIDN group (p = 0.03).

Within three years, during routine visits in the transplant center,
five patients (10%) in the MIDN group reported complaints about the
scar: four patients reported hernia/relaxation of the abdominal wall,
one patient had esthetical complaints. In the RPDN group, one patient
suffered from persistent pain, and one patient reported a trocar hernia.

3.4. Recipient outcome

There were no significant differences regarding age, BMI, or im-
munological risk of the recipient between the groups (Table 4). The
time to complete the anastomosis of the renal vessels in the recipient
was shorter in the RPDN group compared to the MIDN group
(p < 0.001). In two cases in the RPDN group, transplantation was
carried out with a double J stent due to parenchymal lesion of the donor
kidney in one and a short ureter in the second case. No venous re-
construction was necessary in either group. No venous thrombosis was
seen. Delayed graft function and early graft loss within the first year
were not different between the groups.

Table 4
Recipient characteristics and clinical data.
MIDN RPDN P
Recipient age (years) (mean and  42.5 (1.2-74.7) 43.3 (1.5-77.1) n.s.
range)
Recipient BMI” (mean and 25.2 24.7 n.s.
range) (18.3-38.3) (18.5-35.6)
Immunological risk patientsl’ 11 (22%) 23 (23%) n.s.
Anastomosis of renal vessels 38 (15-64) 30 (13-56) < 0.001
(min)“ (mean and range)
Delayed graft function 6 (12%) 6 (6%) n.s.
Graft loss within 1 year 4 (8%) 3 (3%) n.s.

MIDN: mini incision donor nephrectomy, RPDN:
nephrectomy; n.s.: not significant.

@ For adults only.

b Retransplantation or ABO-incompatible.

¢ Recorded for 40 of 50 MIDN and 83 of 100 RPDN.

retroperitoneoscopic donor
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Fig. 1. a Operation times (OT) of the first 35 live donor operations of surgeon 1 (S1) (dotted linear trend line and open boxes) and surgeon 2 (S2) (black line and
black boxes).b: CUSUM analysis of the operation times (OT) of the first 35 operations performed by surgeon 1 and 2 (S1 and S2) demonstrating an initial learning
phase of about eight cases and a decline of the curve and the end of the learning phase at about 15 cases.

For the CUSUM analysis, cases were ordered chronologically from the first to the last date of surgery. The CUSUM for S1 was then calculated by the following
formula: CUSUM,; = Z;.lzl (xj — %;) , with x;; being the individual OT of S1 and X; being the mean OT of S1.
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3.5. Learning curves

RPDN was introduced by surgeon 1 (S1), who had experience with
more than 200 MIDNS, after an observation stay at the Basel transplant
center [14-16]. We intended to perform RPDN in fixed teams, with the
most experienced surgeon (S1) doing the first 20 operations together
with surgeon 2 (S2), and S2 taking over the operation after partici-
pating in at least 20 operations. In actual fact, S1 performed the first 31
donations together with S2 in most cases, before S2 took over the op-
eration together with surgeon 3 (S3), who took over the operation after
participating in 20 cases. S2 had experience with 20 MIDNs, S3 had no
experience with living kidney donation. All surgeons are certified
general and visceral surgeons with specialization in visceral trans-
plantation, but without extensive experience in laparoscopic surgery. At
the end of this evaluation, S1 had performed 52 RPDNs, S2 34, and S3
14 RPDNs.

Fig. 1a shows the actual operation times of both surgeons S1 and S2,
with a continuous decline in operation time when individual operations
were ordered chronologically. Fig. 1b shows operation times visualized
with the CUSUM method. For both surgeons, an initial learning phase is
observed between case one and eight. After a short plateau, the des-
cending slope of the curve after about 15 cases marks the end of the
learning phase. All adverse events related to the donor operation
(bleeding, parenchymal lesion of the kidney, short ureter) occurred
after the end of the initial learning phase (at case 19, 32, and 40).

Due to the low number of RPDNs performed by S3 (n = 14),
learning was not completed by the end of the analysis, therefore the
learning curve of S3 is not shown.

3.6. Donors’ rating of the consequences of donation

Three months after living kidney donation, RPDN patients retro-
spectively rated the physical burden of the donation significantly lower
than MIDN patients did (mean: 1.11 vs. 1.69, p = 0.01; Fig. 2). No
significant difference was found regarding the psychological burden of
living kidney donation (mean: 0.92 vs. 0.88, p = 0.88; Fig. 2). RPDN
patients retrospectively rated their postoperative pain as lower than
MIDN patients (mean: 1.66 vs. 2.54, p < 0.001; Fig. 3). They also felt
less bothered by the surgical scar compared to MIDN patients three
months (mean: 0.26 vs. 0.62, p = 0.03; Fig. 3) as well as one year
(mean: 0.21 vs. 0.58, p = 0.02) after living donation.

The percentage of donors reporting current problems they attrib-
uted to the donation did not differ between the groups (Table 5). Most
frequently reported physical problems were pain/discomfort in the scar
area and physical weakness/fatigue. Impaired activities mostly were
sporting activities. Mental problems particularly were persistent wor-
ries regarding the recipient/graft function, impaired mental well-being,
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and emotional fatigue. Other problems concerned financial, vocational,
insurance-related, and social issues.

4. Discussion

As reviewed recently by Ozdemir-van Brunschot, there are several
studies demonstrating the safety of different key-hole techniques for
living donor nephrectomy. Hand assistance and a retroperitoneal ap-
proach seem to reduce surgical complications, operation times and first
warm ischemia times [6]. Our center has very little experience with
laparoscopic donor nephrectomy, but with MIDN, which was also car-
ried out with a complete retroperitoneal approach. Considering the
anatomy of the kidney, our own experience with a retroperitoneal ap-
proach, and the promising literature on RPDN [9,14-16], a retro-
peritoneoscopic approach appeared to be the logical consequence to
further reduce the physical burden of the donor nephrectomy for both
right and left sided living kidney donations.

There are still concerns about right sided nephrectomies [7,25], but
other studies show the feasibility of right sided living donor ne-
phrectomies [26,27]. More than half of the donations in our study were
right kidneys, and there was never a need for venous reconstruction,
and no venous thrombosis occurred in the grafts. Importantly, there
was no difference in graft function or survival between MIDN and
RPDN, ensuring safety of the procedure for the recipient.

Beyond recipient outcome, establishing a new technique in living
donation is delicate, since the safety of the donor is the main concern. It
has been shown in laparoscopic donor nephrectomy, that experienced
and fixed teams reduce not only operative times but also complications
[28]. Therefore, we aimed to perform RPDN in fixed teams. This might
have contributed to the short operation times in RPDN compared to
MIDN (where no fixed teams were established) at our own center and
compared to laparoscopic donor nephrectomies reported by others
[7,9,25,271.

Our learning curves were very short with 8-15 cases compared to
laparoscopic approaches [25,29] and comparable between the surgeons
despite different experience with living kidney donation. The learning
of S2 was faster compared to S1, which might be explained by the fact
that S2 had assisted nearly all cases of S1. This is in accordance with
data demonstrating a clear center difference in learning effects of hand
assisted RPDN [30], which might be attributed to different team
structures or experiences. Hollenbeck et al. proposed that participating
in at least 13 laparoscopic donor nephrectomies or performing at least
six, significantly reduced operative times [31], while Serrano et al.
found that transplant surgery fellows need 35 to 38 cases to become
proficient, with a tipping point of learning at 24 to 28 cases [29]. For
hand assisted RPDN, Wahba et al. demonstrated a continuous decrease
in operation time for the first 30 operations [32].

4
very
strong

OMIDN

3 i
strong
p=0.014

B RPDN

p=0.879

Physical burden

Psychological burden

Fig. 2. Physical and psychological burden of living kidney donation (donors' rating three months after donation) after mini incision donor nephrectomy (MIDN) and

retroperitoneoscopic donor nephrectomy (RPDN).
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Fig. 3. Postoperative pain and bothered by scar (donors' rating three months after donation) after mini incision donor nephrectomy (MIDN) and retroperitoneoscopic

donor nephrectomy (RPDN).

Fortunately, in our study, very short learning curves and operative
times come with a low complication rate. We had to perform only one
extension of the gridiron incision. No blood transfusions, no reopera-
tions, and no other severe complications occurred in the RPDN group.
There were two graft-related complications, both without consequences
for the donor. Remarkably, all three events happened in another team
constellation than our standard team.

The percentage of donors reporting current problems and impair-
ments in the follow-up questionnaires did not differ between RPDN and
MIDN, but RPDN donors perceived the physical burden of the operation
and the postoperative pain as lower than MIDN donors, and they felt
less bothered by the surgical scar. This can be seen as a benefit ex-
perienced by the donors themselves.

Limitations of the study: Due to the retrospective evaluation of
complications in the MIDN group and the less consequent follow-up,
mild complications might have been missed in MIDN and could possibly
be recorded more accurately in the RPDN group, since patients were
explicitly asked for complaints during follow-up four weeks after do-
nation. Furthermore, patients were informed about the new operation
technique and might have expected a shorter hospital stay, which might
have influenced the day of discharge, along with the expectations of the
discharging physicians. The donors’ own rating of the surgical burden
could also be influenced by the preoperative information about the less
invasive surgical technique.

In summary, RPDN can be adopted easily and safely, even in a
medium size transplant center. We recommend to establish fixed teams
and a structured training program. By changing our donor operation
from MIDN to RPDN, we did not see any negative impact on donor and
recipient outcome. Donors themselves actually reported a lower phy-
sical burden of RPDN compared to MIDN donors. By introducing RPDN,
the donor can profit from earlier discharge and lower physical burden,
even during the learning curve. The results underline not only the need
but also the opportunity to minimize donor's burden of living donation.

Table 5
Current problems reported by donors after living kidney donation (LKD).
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