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ABSTRACT

Introduction: Hand-assisted laparoscopic living donor nephrectomy has become the technique of choice
for living donor kidney donations. Since 2018, 30 procedures have been performed at our clinic using this
technique. The goal of this comparative analysis was to determine how surgical technique, specifically,
hand-assisted laparoscopic living donor nephrectomy with hand assistance may affect early graft function
when compared to open classical nephrectomy.

Material and methods: Retrospective analyses were performed, comparing the two techniques of kidney
donation. Kidney transplantation was performed with the open standard technique in both groups. The
primary outcome was early graft function, and levels of urine output, and plasma creatinine were ana-
lyzed at three time points. A secondary outcome was the quality of the operative technique, which was
determined by the time of warm ischemia, blood loss, and duration of surgery. Additionally, we noted all
complications, length of hospital stay, and patient satisfaction.

Results: In terms of warm ischemia time, there was no statistically significant difference between donors
in both groups. It is important to note that in 2 recipients from Group II we did not observe diuresis at the
conclusion of the operation. The recipients’ diuresis was 515 ml +321SD in group I and 444 ml £271SD
in group II. At 3, 12, and 36 hours postoperatively, there were statistically significant differences in the
average serum creatinine values (p 0.05) in favor of group I. Similar results were observed in the second
time measurement at 12 h and the third time measurement at 36 h for serum urea levels in recipients. The
difference in serum urea values between the recipients in the groups at the first measurement (3h) following
surgery was not statistically significant.

Conclusion: Hand-assisted laparoscopic donor nephrectomy is recognized as a safe and effective treatment.
Donors in this situation have a different profile from other surgical patients; hence, they do not undergo
surgery due to their own medical condition but for an altruistic reason, and with hand-assisted living do-
nor nephrectomy. Such patients receive all the advantages of minimally invasive surgery. The two main
objectives of a donor nephrectomy are to give the recipient the best possible kidney and to ensure the
donor's complete safety.

Keywords: laparoscopic living donor nephrectomy, hand assisted, open classical living donor nephrec-
tomy, kidney transplant
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INTRODUCTION

In end-stage kidney disease, transplanta-
tion remains the best treatment. A living donor
kidney transplant is superior to a deceased do-
nor kidney transplant due to better graft survival
rates, improved quality of life, and better cost
effectiveness [1-3]. For over a 40-year period,
living-donor kidney transplantation in the Re-
public of North Macedonia has been performed
with an open surgical approach. Living-donor
kidney transplantation requires a healthy indi-
vidual to undergo a major surgery where the
kidney is removed through a large lateral flank
lumbotomy incision. This procedure requires a
long recuperation period for the donor and is
associated with significant pain. In contrast, in
hand-assisted laparoscopic living kidney donor
nephrectomy (LDN), tiny incisions with minia-
turized instruments and a camera are used for
the harvesting of the kidney. This minimally
invasive procedure through a smaller incision
has shown superior results in terms of decreased
discomfort and blood loss, enabling faster recov-
ery, a shorter hospital stay, less complications,
and a return to normal daily activities. In terms
of graft function, the literature does not reveal
any significant differences between those two
approaches [4—7]. Nowadays, LDN has become
the preferred method for procuring kidneys from
living donors. In our university clinical center in
November 2018 we used LDN for the first time.
Up to today, 30 have been performed in total,
and our aim in this comparative evaluation was
to evaluate the influence of surgical technique,
either LDN or open classical nephrectomy, on
early graft function.

MATERIAL AND METHODS

After obtaining the internal Ethical Com-
mittee's permission and signed informed consent
from all patients, we evaluated the patients who
underwent LDN performed between Novem-
ber 2018 and December 2022 at our University
Clinic for Urology, Group I. In those cases, we
compared them with Group II patients who un-
derwent open classical donor nephrectomies. We
evaluated 60 pairs of patients, 30 from Group I

who underwent laparoscopic living donor ne-
phrectomy and open classical surgery for recip-
ient and 30 from Group II who underwent open
classical surgery for living donor nephrectomy
and open classical surgery for recipient. The
retrospective evaluation of the charts was con-
ducted by an independent reviewer who was not
informed of patient allocation in order to ensure
an unbiased evaluation.

All patients undertook standard protocol
procedures before surgery including a full med-
ical and surgery history, laboratory evaluations,
cardiology evaluation (EKG, echocardiography),
and chest X-rays. Patients who were on chronic
dialysis were dialyzed 24 hours before the renal
transplant surgery.

The same surgical and anesthesia teams
performed all transplantations in this evaluation.

Standard anesthesia protocol was used in all
patients: regular non-invasive monitoring (EKG
with 5 leads, non-invasive blood pressure, and
pulse oximetry) before induction of anesthesia.
At that time, in donor patients who underwent
an open classical surgical procedure, an epidur-
al catheter was placed, as well as in recipients
without contraindication for epidural anesthesia.
To avoid any interaction with the evaluated pa-
rameters, the epidural catheter was not used until
the end of the surgery. Anesthesia was induced
and maintained with remifentanil (0.5 mcg/kg for
induction, followed by 0.25 mcg/kg for main-
tenance) and propofol (3 mg/kg for induction,
followed by 0.5-2 mg/kg for maintenance). Intu-
bation was facilitated with atracurium (0.55 mg/
kg). Mechanical ventilation was with a mixture of
oxygen and air at 50% each, with tidal volumes
of 6-8 ml/kg, and respiratory rates adjusted ac-
cording to CO2 levels between 35 and 40 mm Hg
on Datex Ohmeda Avance S-5 ventilators. After
induction and intubation, a central venous catheter
and arterial line were placed for invasive hemo-
dynamic monitoring.

The primary outcome was early graft func-
tion, and levels of urine output and plasma cre-
atinine were analyzed at three time points: the
3rd, 12th, and 36th hours after the surgery. A sec-
ondary outcome was the quality of the operative
technique. This was determined by the time of
warm ischemia, blood loss, and duration of sur-
gery. Additionally, we noted all complications,
length of hospital stay and patient satisfaction.
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RESULTS

We evaluated 60 pairs of patients, Group |
(n =30 pairs) for LDN and Group II (n = 30 pairs)
for open classical donor nephrectomy. One donor
was excluded from analysis who started LDN, but
conversion was done due to obesity and a previ-
ous surgery in open classical nephrectomy. The
baseline demographic characteristics were similar
with respect to sex, age, American Society of An-
esthesiologists physical classification (ASA), and
body mass index (BMI). Demographic and clinical
characteristics of the patients are shown in Table
1. There was no statistical difference observed be-
tween the demographic data of the patients. Only
one patient from the classical open nephrectomy
group had bleeding after surgery and was treat-
ed conservatively without any operative revision.
Except for 4 patients in Group I who did not need
hemodialysis and 2 patients in Group II, all of the
patients underwent hemodialysis 24 hours prior
to surgery.

Results from ischemia time: warm and cold
are shown in Table 2. There was no statistically
significant difference in warm ischemia time be-
tween groups. It is important that in 2 patients from
Group II, we were not able to achieve diuresis at
the end of the surgery. Diuresis in the groups were
515 ml + 321SD for group I vs 444 ml + 271SD
for group II (p=0.3).

Table 2. Warm and cold ischemia time in groups

Parameter Group I Group IT p
Warm ischemia time (min) gaene | D0 | 03
Cold ischemia time (min) 113 27 ’55 ggg; 1;‘ g ,6532?; 0.1

Table 1. Demographic data and operative data

The blood creatinine and urea values
(mmol/L) for both groups at 3, 12, and 36 hours
postoperatively are shown in Table 3 and Table
4. There were statistically significant variations
between the average values of serum creatinine in
the interval between 3, 12, and 36 hours (p = 0.05
in favor of Group I). As for serum urea levels, sta-
tistical significance was observed in the second and
third time measurements in favor of Group I. In the
first measurement, 3h after surgery, the difference
in the value of serum urea between groups was not
statistically significant.

Table 3. Serum cretinin (mmol/L) in 3.12 and 36 hours
after the surgery.

Creatinin Groul Group II p
3H after 501,70+ 150,942 608,70 £66,364 0.01
surgery
12H after 351,30 + 137,079 474,40 £118,379 | 0.00
aurgery

36Hafter | 510904 105,738 | 324004134722 | 001
surgery

Table 4. Serum urea level (mmom/L) in 3.12 and 36
hours after the surgery.

Urea Group 1 Group II p
3H after 12,64 + 4,565 13,82 +1,882 0.19
surgery
12H after 12,67 +4,653 14,94 + 3,521 0.03
aurgery

36H after 13,34+ 4,902 15,90 +6,127 0.07
surgery
DISCUSSION

LDN is considered a complex procedure
and requires an experienced medical team with
excellent laparoscopic skills. According to Hi-
gashihara and Siqueira, 30 LN are required to

Group I donors Group II Gljm.lp I Grf)u_p 1
donors recipients recipients

Gender M/F 7/23 6/24 23/7 24/6
Age (years) 58+9 54+£9 37£12 31+£9
Kidney (left/right) 27/3 15/15 / /
BMI (kg/m?) 24=10 23.4+11 20+9 23.5+7
ASA classification I/ 11/ 11T 0/17/13 0/20/10 1/3/26 2/28
Month on dialysis / / 11+4.8 11+4.3
Anesthesia time (min) 192430 203£31 240+27 230431
Surgery time (min) 175+35 140+25 220+40 215+40
Blood loss (ml) 105440 240480 350+60 410+50
Warm ischemia time (sec) 1.840.4 2.0+0.6 7249 133437
Cold ischemia time (min) 137438 149438 / /
Postoperative hospital stay 5.1+0.7 6.7+1.7 18+7 20+6
Complications / 1 / /
Death / / / /
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overcome the learning curve and two proficient
surgeons in LN to start an LDN program [3]. LDN
has been preferred due to a longer renal vein and
overall better technical ease, because right-side
LDN requires the liver to be retracted, and du-
plicate clamping of the vena cava is challenging
[3, 8]. In our series, only three cases of the LDN
were right-sided, and due to the straight division
of the renal vein at the vena cava vascular sta-
plers, we lost approximately 1cm of renal vein as
compared to an open, classical surgical approach.
This is described by Ratner and his coauthors in
their article: 1 to 1.5 cm of renal vein can be lost
compared to open and LDN [9]. This can gener-
ate some difficulties in graft anastomosis and can
lead to vascular complications and possible graft
loss [10]. Modifications are proposed to facilitate
the safe harvesting of the right kidney through a
laparoscopic approach. In our institution, hand
assisted LDN is performed through an upper quad-
rant transverse incision. Vessel separation, kidney
evacuation, and cavotomy repair are performed
through this incision [11-13].

In Scandinavian countries, internal and ex-
ternal iliac veins are divided, which raises the
external iliac vein higher up and circumvents the
difficult anastomosis. The retrospective multi-in-
stitutional analysis done by Buell et al. covered
97 right LDNs done for different reasons (smaller
right kidney, cyst in right kidney, multiple ves-
sels on the left side kidney) [14]. In our case, the
reasons for right-side LDN were multiple vessels
in the left kidneys. We did not have any conver-
sions to open nephrectomy due to bleeding or
anatomical anomalies, as described in the litera-
ture. We had one conversion due to obesity and
scars from previous surgery. There are concerns
about ureteral length in LDN harvesting as well.
In a randomized controlled trial by Berends and
coauthors, the structural and functional aspects
of LDN and an open one are being studied. They
show similar results for renal vessels as for uret-
eral length, which was significantly higher in the
LDN group for both left and right LDN. Ureteral
injuries occur more often in LDN than during
open donor nephrectomy (0—11%) versus 0—6%,
respectively [15, 16]. In our series, we did not
have any ureteral injuries or report any unwanted
events. Technical modifications, an experienced
surgical team, and subsequent trauma led to de-
creased complications in our case series. Refine-
ments in surgical technique allowed a reduction
in the incidence of ureteral complications in the
evaluation of Ratner et al. [17].

Warm ischemia time is the time when the
harvested kidney is still at body temperature with
the blood supply cut off from the circulation
before the start of perfusion. Due to the longer
extraction time, warm ischemia time (WIT) is a
major concern in LDN compared to open donor
nephrectomy [18]. Any increase in WIT, it was
thought, would lead to poor graft function. This
was disclaimed by various authors and studies,
showing no difference in graft function and recip-
ient outcome depending on the slightly different
WIT. They showed a range of WIT between 95
and 300 seconds [19, 20]. Our evaluation shows
the same results as those described by our col-
leagues. Although WIT was prolonged in the LDN
group, there was no repercussion on graft function.
From history, there are reports of a longer WIT for
LDN, at 102 seconds; this time is shortened to 75
seconds in hand assisted LDN. Nowadays WIT in
LDN is almost identical with open classical donor
nephrectomy [18-20].

In our series, WIT was within the range re-
ported in the previous literature. Furthermore, our
WIT maintained a time of 149+53 STDV. This
time is comparable with the one of Jacobs, who
covered 738 cases of LDN performed over a pe-
riod of six years [21]. With increased experience
and a learning curve, this WIT can be reduced, al-
though no evidence exists in the literature showing
a correlation between WIT and early graft function
or the level of serum creatinine during the first
three months [22]. Jacobs et al. compared WIT 3
min. vs. >3 min. and WIT 5 min., 5-10 min., and
>10 min. Prolonged WIT did not appear to have
an effect on serum creatinine dehydrogenase level
and graft function in the first three months after
transplantation [21]. Although we did not evaluate
the long-term graft survival in our investigation,
several trials evaluated the effect of WIT on long-
term graft function, showing no difference in out-
come or serum creatinine as well [23].

According to the literature review, risk fac-
tors potentially affecting graft function and im-
pairing kidney recovery are age, donor/recipient
relationship, mismatched donors, warm ischemia
time, cold ischemia time, and preservation time
[23, 24]. We did not include cadaveric transplan-
tation patients in our analysis. All of our donors
were living donor transplant pairs in a family
relationship. The mean age of donors in Group
I was 5849 SD, and 54+9 SD in Group II. The
recipients' mean age was 37+12 SD in group I vs.
3149 in group II. We did not notice any statistical



LAPAROSCOPIC DONOR NEPHRECTOMY IN THE REPUBLIC OF NORTH MACEDONIA 69

significance between groups in terms of warm and
cold ischemia time, and since it was a living donor
transplant, we did not preserve the kidneys. On the
contrary, in larger transplant centers, preserving
and packing the graft is the standard procedure
for living donor transplants.

In the systematic review reported by Hand-
schin et al., there is no significant difference in
the rate of acute kidney rejection between LDN
and open donor nephrectomy [16]. Similar results
were shown in the University of Maryland series
with more than 700 participants [21]. Our results
are similar to those presented in the literature. We
did not notice any acute kidney rejection in our
series of 60 cases.

There are currently many studies available
comparing LDN to open classical nephrectomy
[17]. Those studies suggest the many benefits of
LDN, including reduced blood loss, length of hos-
pital stay, time to resume diet, analgesic require-
ments, and time to return to normal activities.
Those recuperation times are one-third or two-
thirds shorter than the equivalent ones for open
classical nephrectomies. Esthetic results are better
in LDN as well. All of those above-mentioned
factors contribute to the increased rate of living
donor transplants. This happened to be the case
in Baltimore, where the living donor transplant
rate increased to 100% when the laparoscopic
technique was introduced [17, 25].

Open donor nephrectomy, compared to
LDN hand-assisted, as in our series, has a shorter
surgery time: 1404+25min vs. 175£35min. There
seems to be enough data, according to a recent sys-
tematic review, to say that renal function and renal
blood flow are both impaired during pneumoperi-
toneum. Preoperative renal function, hydration,
level of pneumoperitoneum, patient placement,
and duration of pneumoperitoneum are some of
the variables that affect how much the drop will
be [26].

CONCLUSION

Open surgery can currently be replaced
with a safe and efficient laparoscopic procedure.
Hand-assisted laparoscopic donor nephrectomy
is recognized as a safe and effective treatment,
thanks in large part to the advancements in tech-
nology and surgical methods. Donors in this situ-
ation have a different profile from other surgical
patients; hence, they do not undergo surgery due

to their own medical condition but for an altruistic
reason. With hand-assisted laparoscopic living do-
nor nephrectomy, they receive all the advantages
of minimally invasive surgery with outcomes that
are on par with those of open classic surgery in
terms of graft function and receiver outcome. Lap-
aroscopic donor nephrectomy has been developed
as a way to increase the appeal of renal donation
to potential donors. The two main objectives of a
donor nephrectomy are to give the recipient the
best possible kidney and to ensure the donor's
complete safety.
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Pe3ume

JIAITAPOCKOIICKA HE®@PEKTOMMUJA HA JJAPUTEJI HA BYBPEI'
3A TPAHCIINTAHTALIMJA BO PC MAKEJOHUJA

Anexcanapa laBpuioBcka-bp3anos!, Corup CraBpuauc?, Camo Jloxues?,
Maja MojcoBa MujoBcka', Anexcanapa I[lerpymesa IlanoBcka',
Anexcannap Tpudynoscku?, Jocud Januynes?, lumurap TpajkoBcku?,
BuxTtop Crankos?, Mapuja JoanoBcku Cpuena', Hukosna Bp3anos!

! VHuBep3uTeTCKa KIMHUKA 3a TPAayMaTroyoTHja, OPTOMEACKH OOJNeCTH, aHecTe3Wja, peaHuManuja u
MHTEH3WBHO JICKYBabhe M YPIreHTeH XUPYPIIKH ieHTap, Knnanuku nenrap ,,Majka Tepesa“, MequuuHCKu
¢axynrer, Yausepsurer ,,C. Kupuin u Metonuj“ Bo Cromje, PC Makenonuja

2 YHHBep3HUTEeTCKa KIMHHKA 3a yposoruja, Knnuudku nenrap ,,Majka Tepesa®, Meaununcku (akynrer,
VYuausepsuter ,,CB. Kupun u Mertoauj* Bo Cxonje, PC Makenonuja

3 DakynTeT 3a MEIMIIMHCKU HayKu, YHuBep3uteT ,,lome Jlemues®, [tumn, PC Makenonuja

Bogen: Jlanapockorickara HepeKTMOja Ha KB JapuTel Ha OyOper 3a TpaHCIIaHTaIH]ja MOTIOMOT -
HaTa co paka CTaHa TeXHHKa o]l 1300p 3a TpaHCIUIanTanuja ox1 xus goHop. O 2018 rognna oBaa npouenypa
3alovHa Jia ce U3BeAyBa M Ha Halata KinHuKa. LlenTta Ha oBaa koMnaparruBHa aHasu3a Oellle aa ce oapean
JIaJIi XMpypLUIKaTa IpoLeaypa, TOTOYHO JarnapoCKoncKaTa HehpeKToMuja o1 )KUB JapUTe MOTIIOMOTHATa
CO paka MOXKe Jia Biidjac Ha (PyHKIIM]jaTa HA rpadTOT CIIOPEICHO CO OTBOPEHATA KJIACUYHA HE(PPEKTOMHU]a.

Marepujagn u Mmetoau: PerpocrniekTrBHa KOMIapaTiBHa aHaiu3a Oelle CIpoBelcHa Ha JIBETE
TEXHUKH Ha He(pEeKTOMMja Ha JlaBaTesid Ha OyOper 3a TpaHcIulaHTauuja. TpaHuianTauujara Ha Oyoper
Oelre M3BEZICHA CO OTBOPEHA KITacCHuHa MeToia Kaj iBeTe rpynu. [Ipumapen ucxox Oeie panara GyHkuuja
Ha TpadTOT, HUBOTO HA TUype3a U Iula3Ma-KOHICHTpalyjaTa Ha KpeaTuHUH, Kou Oea aHaTU3UpaHu BO TPU
BpeMeHCKH Touku. CeKyHAapeH UcXoj 0ea KBAIUTETOT Ha OlepaTHBHATA TEXHHKA ACTEPMUHHpaHA Of
BpPEMETO Ha TOIUIa MCXEMHja, KpBo3ary0ara 1 BpeMeTpacheTo Ha MHTepBeHnMjara. JJomonaurtenHo Oea
HOTHPaHM CUTE KOMIUIMKALUH, JOJDKMHATA Ha OOJHUYKHUOT MPECTOj U 33J0BOJICTBOTO Ha MAIIMEHTHTE.

Pesyararu: Bo oqHOC Ha ToTuaTa ncxemuja, He T0OMBME CTaTUCTUYKU CUTHU(UKAHTHHU PE3yNTaTh
Mery maBarenuTe Ha OyOper of nBeTe rpynH. BakHO 3a HarmacyBame € JIeKa Kaj JBajiia pelUueHTH OJl
rpyna Il He 3a0enexaBMe auypesa Ha 3aBpIlyBambe Ha HHTEpBeHIMjara. J(uypesara Ha mpuMarenuTe Ha
oyoper 6emie 515 ml + 321SD Bo rpymna [ u 444 ml +271SD kaj rpyna II. Bo BpemeHckuTe TOUKH 01 3,
12, u 36 yaca mocTonepaTHBHO MMaIlle CTATUCTUYKU CUTHH(UKAHTHA Pa3iiKa BO MPOCEYHOTO HUBO Ha
cepymckunot kpeatunuH (p 0,05) Bo mpuitor Ha rpynara I. Ciinanu pesynrarure ce 100Hja 1 3a BTopara u
TpeTara BpeMeHCKa To4Ka, 12 n 36 9aca MoCcTONepaTuBHO 3a CepyMCKaTa BPEIHOCT Ha ypea Kaj ImprMa-
tenmTe Ha OyOper. Camo BO pBaTa BpeMEHCKa TOUKa, 3 yaca MOCTONEPaTUBHO, UCITUTYBAHUTE BPEAHOCTU
Ha cepyMcKara ypea 0ea CTaTUCTUYKH HeCUTHU(DUKaHTHH.

3akay4dok: Jlamapockorickara HepeKTMOja Ha JKWUB JAapuTen Ha OyOper MOTIOMOTHA CO paka €
Mpero3HaeHa Kako 0e30eHa U eukacHa nporenypa. JlaBarenure Ha OyOper Bo oBaa KOHCTEIAIHja ©Maar
paznuueH npouil o1 PYTUTE XUPYPIIKY NAnMeHTH. Tre He MO/UIErHyBaar Ha onepaiiyja mopajin CorncTae-
Ha MEIMIUHCKA TOTpeda, TYKy Ol anTpyucTHdHa npupona. [lopaau Toa, qaBatenure Ha OyOper M uMaar
MpUIOOMBKHUTE HA OBaa MUHMMAJHO WHBAa3WBHA XUPYPIHUja, YUK IIABHU IEJIU CE JIa UM C€ OBO3MOXH Ha
IpuMaTennTe Ha OyOper Hajmobap MoxkeH rpadT 1Mo HajOe30eeH HaunH.

Kutyunu 300poBH: 1anapockorcka He(peKToMHja Ha )KUB JAPUTE, TOTIIOMOTHAaTa CO paKa, OTBOPEHa
KJIMCHYHA He(DpEeKTOMHja Ha JKUB apuTell Ha OyOper, TpaHCcIuIaHTaluja Ha Oyoper





