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Multiple Renal Arteries in Kidney Transplantation: Is it a Problem Nowadays?

Artérias Renais MUltiplas na Transplantacao Renal: Sera um Problema Actualmente”?
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Abstract

Introduction: Shortage of high quality donors led to an in-
creasing need of compatible organs: grafts with multiple re-
nal arteries (MRA) are one of the solutions, although being a
potential risk factor that can impair outcomes. The aim of this
study is to provide a view of our experience with multiple renal
arteries grafts in renal transplantation and compare the out-
come between multiple renal arteries and single renal artery
(SRA) groups.

Material and Methods: A retrospective study of 2989 kidney
transplants was performed in our department between Jan-
uary 1980 and February 2017: demographic characteristics
and outcomes were compared between recipients of grafts
with multiple renal arteries (648; 21.7%) and single renal ar-
tery (2341; 78.3%). Statistical analysis was done using IBM
SPSS Statistics 22: chi-square, independent sample t-test and
Kaplan Meier tests were used with a p value of 0.05.

Results: Grafts from cadaveric donors occurred in 95.8% of
the single renal artery group and 97.4% of multiple renal arter-
ies group. The recipients of multiple renal arteries group had
a previous higher time on dialysis (50.3 + 43.1 vs 46.30 + 37.5
months, p.0.04), a longer operative time (2.43 + 0.57 vs 2.28
+ 0.49 hours, p<0.001), a higher cold ischemia time (19h08 +
6h05 vs 18h34 + 6h17 hours, p:0.04) and more red blood cell
transfusions (1.8 = 0.8 vs 1.7 = 0.8 packs, p:0.01) than the
recipients of single renal artery kidney recipients. In the mul-
tiple renal arteries group, ex-vivo bench surgery techniques,
in vivo sequential anastomosis and mixed techniques were
used. The different options did not affect the outcomes. The
rate of delayed graft function, surgical complications, length
of hospital stay, acute and chronic rejections, graft loss, death
were not statistically different. The follow-up was not statisti-
cally different. multiple renal arteries (8 + 7.3 years) versus
single renal artery (7.7 + 6.6 years) group (p:0.1). The current
state of the patient was not dependent on the number of ar-
teries used.

Urology and Renal Transplantation Department of the Coimbra
University Hospital Center, Coimbra, Portugal.

Resumo

Introduc&o: A escassez de dadores leva a uma necessidade
crescente de 6rgaos compativeis: enxertos com multiplas arté-
rias renais (do inglés multiple renal arteries - MRA) sdo uma das
solucdes, apesar de ser um fator de risco potencial que pode
prejudicar os resultados. O objetivo deste estudo é avaliar os
nossos resultados com enxertos com multiplas artérias renais
e compara-los com enxertos com artéria renal Unica (do inglés
single renal artery - SRA).

Material e Métodos: Foi realizado um estudo retrospectivo de
2989 transplantes renais realizados na nossa instituicdo entre ja-
neiro de 1980 e fevereiro de 2017: caracteristicas demogréficas
e 0s resultados foram comparados entre receptores de enxertos
com multiplas artérias renais (648; 21,7%) e artéria renal Unica
(2341; 78,3%). A andlise estatistica foi efectuada recorrendo ao
SPSS Statistics 22: teste qui-quadrado, teste t para amostras in-
dependentes e teste de Kaplan-Meier com um valor de p de 0,05.
Resultados: Foram utilizados enxertos de dadores cadaver
em 95,8% do grupo artéria renal unica e 97,4% do grupo mul-
tiplas artérias renais. Os receptores do grupo multiplas artérias
renais estiveram mais tempo em didlise (50,3 + 43,1 vs 46,30
+ 37,5 meses, p: 0,04), um tempo cirdrgico maior (2,43 + 0,57
vs 2,28 + 0,49 horas, p <0,001), maior tempo de isquémia fria
(19h08 + 6h05 vs 18h34 + 6h17 horas, p: 0,04) e necessitaram
de mais transfusGes de glébulos vermelhos (1,8 + 0,8 vs 1,7
+ 0,8 Unidades, p: 0,01) do que os receptores de receptores
do grupo artéria renal Unica. No grupo multiplas artérias renais,
foram utilizadas técnicas de cirurgia de banca ex-vivo, anasto-
mose sequencial in vivo e técnicas mistas. As diferentes opcdes
ndo tiveram influéncia nos resultados. A taxa de fungéo tardia
do enxerto, complicagdes cirurgicas, tempo de internamento,
rejeicoes agudas e cronicas, perda do enxerto e morte n&o fo-
ram estatisticamente diferentes. O seguimento ndo foi estatisti-
camente diferente: grupo multiplas artérias renais (8 + 7,3 anos)
versus artéria renal Unica (7,7 + 6,6 anos) (p: 0,1). O estado ac-
tual do doente n&o dependia do numero de artérias utilizadas.
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Conclusion: Multiple renal arteries grafts were not a problem
in our unit: despite of having a longer operative time, higher
cold ischemia time and higher blood transfusions rate, short
and long-term outcomes were comparable between groups.
At this level, literature results are not consensual: prospective
studies are necessary.

Keywords: Kidney Transplantation; Renal Artery/abnormalities.

Introduction

Renal transplantation is considered the preferred treatment in
patients with end-stage renal disease, improving the quality
of life and survival.” Shortage of high quality donors for an in-
creasing rate of end-stage renal disease patients led to an in-
creasing need of compatible organs. Thus, kidneys with ana-
tomical abnormalities, such as multiple renal arteries, multiple
ureters, paediatric kidneys and horseshoe kidneys began to
be progressively used despite being considered as risk fac-
tors for urologic and vascular complications. The most com-
mon anatomical anomaly is arterial multiplicity and represents
a tricky challenge in the operating room. Novick et aP showed
an incidence of 23% for multiple donor unilateral renal arter-
ies and 10% for multiple bilateral renal arteries. These organs
represent a useful opportunity for many recipients. However,
the risk of complications also increases with the use of such
grafts: longer period of ischemia, higher rate of late graft func-
tion and worse prognosis. Surprisingly, the literature reports
an excellent prognosis with that vascular multiplicity.®*

The aim of this work is to evaluate our experience with mul-
tiple renal artery (MRA) grafts and to compare the prognosis
between renal transplants with MRA with single renal artery
(SRA) grafts.

Material and Methods

A retrospective observational study was performed in our
center (Urology and Renal Transplantation Department, Coim-
bra University Hospital Center) and included 2989 recipients
who underwent renal transplantation in our hospital, between
January 1980 and February 2017.

Two groups were created: 648 patients (21.7%) received
MRA grafts and 2341 patients (78.3%) received SRA grafts.
In the group of MRA grafts, 85.6 had 2 arteries, 12.8% had 3
arteries and 1.6% had 4 arteries.

The age effect and donors and recipients gender effects on
prognosis were evaluated. Several variables were compared
between groups: type of donor, previous length on dialysis,
surgery duration, cold ischemia time, number of red blood
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Concluséo: Apesar do maior tempo cirdrgico, maior tempo de
isquemia fria e maior taxa de transfusdes de glébulos verme-
lhos, os resultados do nosso centro no transplante de rins com
multiplas artérias renais foram idénticos aos de rins com artéria
renal Unica no que diz respeito a funcao, sobrevida e taxas de
complicag¢des cirdrgicas. A este nivel os resultados da literatura
ndo s&o consensuais, sendo necessarios estudos prospectivos.

Palavras-chave: Artéria Renal/anomalias congénitas; Transplante
Renal.

cell packs transfused, renal function over time, using serum
creatinine and glomerular filtration rate (GFR; using the Cock-
croft-Gault equation). Delayed graft function, surgical compli-
cations, hospital length of stay, acute and chronic rejection,
follow-up, death and its cause were also evaluated. Type of
anastomosis chosen in the MRA grafts was also evaluated.
Data were evaluated anonymously.

Statistical analysis was performed using IBM SPSS Statis-
tics 20.0 software for Windows (Statistical Package for the
Social Sciences, version 20.0, IBM Corp., USA). Categori-
cal variables were compared using the Pearson chi-square
nonparametric test and the quantitative variables were com-
pared using the independent t-student test and the ANOVA
test. Overall patient and graft survival analysis was performed
using the Kaplan Meyer method and the log-rank test. These
tests were considered statistically significant with a p-value of
less than 0.05.

Results
Donor and recipient characteristics of both groups are shown
in Table 1. The majority of donors were deceased in each
group: one important fact is that only 17 living donors’ grafts
had MRA and no association was seen between the number
of renal arteries and donor type. The majority of donors were
male in both groups. Both donor age, ventilation time and di-
uresis at the last hour were nearly the same between groups.
Recipients’ demographic characteristics were also similar.
Only pretransplantation dialysis time was higher in MRA grafts
group (50.3 + 43.1 vs 46.3 + 37.5 months, p: 0.04).
Perioperative data are summarized in Table 2: a slight-
ly higher, but statistically significant, cold ischemia period,
longer surgery duration and a higher need for red blood cell
transfusion was noticed in MRA grafts transplantation.
Immunosuppression protocols did not differ between
groups. The single renal artery was anastomosed to aorta in
0.5%, to the common iliac artery in 73.9%, to the external iliac
artery in 23.3%, to the internal iliac artery in 2.1% and to the
opposite common iliac artery in 0.2%. The single renal artery
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Table 1: Donor and recipients data with SRA (single renal artery) versus MRA (multiple renal artery) grafts

Characteristics SRA grafts MRA grafts m

Deceased donor

Living donor

Donor gender

2242 (95.8%)

99 (4.2%)

631 (97.4%)

17 (2.6%)

461 (71.2%)
187 (28.8%)

419 +17.6
59.1 +65.0

233.3 + 248.7

NS (0:0.06)

S (p:0.04)

NS (p:0.9)
NS (p:0.2)

NS (p:0.9)

(o 1568 (67 %)
Q 773 (33%)
Mean donor age (years) 419 +17.1
Donor ventilation time (hours) 55.7 £61.9
Donor diuresis per hour (mL) 231.8 + 273.3
Donor creatinine serum level (mg/dL) 1.0+£04
gemplent gender 1578 (67.4%)
763 (32.6%)
Q
Recipient age 451 £ 141
Pretransplantation dialysis time (months) 46.3 £ 37.5

Etiology of end-stage renal disease (%)
Glomerular disease

Tubulointerstitial disease

Cystic congenital disease

Systemic disease

524 (22.4%)
398 (17%)
190 (8.1%)

461 (19.7%)

Undetermined or unknown 768 (32.8%)
Initial imunosupression

Aza+P 26 (1.1%)
Aza+P+CsA 417 (17.8%)
THYMO + Aza + P with or without CsA 112 (4.8%)
M/MY +P+CsA 342 (14.7%)
THYMO+M/MY +P+CsA 206 (8.9%)
M/MY +P+FK 210 (9%)
SIR + CsA 22 (0.9%)
THYMO+M+P+SIR/EVRL 63 (2.7%)
THYMO+ M/MY+P+FK 829 (35.4%)
M + P + SIR 22 (0.9%)
MY + P 8 (0.3%)
THYMO + M 5(0.2%)
EVRL+CsA 8 (0.3%)
Aza + FK 3(0.1%)
EVRL+FK 68 (2.9%)

NS — not significant

0.9+ 0.4 NS (p:0.2)

432 (66.6%)

216 (33.4%) NS (p:0.7)

456+ 135 NS (0:0.4)

50.3 + 43.1 S (p:0.04)

161 (24.9%)
97 (15%)
57 (8.8%)

123 (18.8%)

210 (32.5%)

S (0.6)

1(1.7%)
1 17 (18.1%)
36 (5.6%)
95 (14.6%)
66 (10.2%)
54 (8.3%)
7 (1.1%)
16 (2.4%)
214 (33.1%)
2(0.3%)
2 (0.3%)
0 (0%)
6 (1%)
6 (0.8%)
16 (2.5%)

NS (p:0.1)

Aza — azathioprine; THYMO - thymoglobulin; MY —mycophenolic acid; M — mycophenolate mofetil; P — prednisolone; CsA — cyclosporine; THYMO — thymoglo-

bulin; FK — tacrolimus; SIR - sirolimus; EVRL — everolimus

was anastomosed whenever possible using an aortic donor
patch (Carrel technique).

Multiple renal arteries were anastomosed to the aorta in
0.2%, to the common iliac artery in 75%, to the external ili-
ac artery in 22.0%, to the internal iliac artery in 2.4% and to
the opposite common iliac artery in 0.3%. The type of arterial
anastomosis (Table 3) was sometimes different: ex-vivo bench

surgery techniques, in vivo sequential anastomosis and mixed
techniques. Ex-vivo bench surgery techniques included end-
to-side anastomosis, the use of cadaveric arterial grafts and
the creation of a joined patch that could make the in vivo
anastomosis easier. In vivo sequential anastomosis included
anastomosis of the multiple renal arteries to one or more re-
cipient arteries. Mixed techniques included both bench and
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Table 2: Perioperative data of recipients of SRA and MRA grafts

Kidney Used
Left 1180 (50.4%)
Right 1161 (49.6%)

Renal graft placement side

Left 407 (17.4%)
Right 1934 (82.6%)
Cold ischaemia duration (hh:mm) 18:34 + 6:17
CVP on vessel dislodging 129435
(cmH,0)
Systolic plood pressure in 1954 + 19.5
reperfusion (mmHg)
Diastolic blood pressure in 738 + 136

reperfusion (mmHg)

Surgery Duration
<3 hours
>3 hours

1959 (83.7%)
382 (16.3%)

Surgery duration (hh:mm) 2:28 + 0:49
Initial graft function

Never-functioning kidney 05 E25)

Initial diuresis U rieie)
DGF 398 (17.0%)
Red blood cell transfusion (Units) 16+09
Hospital length of stay (days) 120+ 0.8

DGF - delayed graft function; NS - not significant; CVP — central venous pressure

sequential anastomosis. There was no statistically significant
relationship between the number of arteries and the type of
arterial anastomosis (p = 0.5).

Surgical complication rate was independent of the number
of graft renal arteries (p: 0.4), as shown in Table 4. The number
of graft renal arteries was also not important for the number of
clinical and biopsied acute rejections, for the development of
chronic graft nephropathy and for graft loss. There was also
no association between the death cause and the number of
graft renal arteries (Table 5).

Renal function was assessed by measuring serum creati-
nine level and by calculation of clearance using the Cock-
croft-Gault formula: both did not differ significantly between
groups (Table 6).

Renal graft survival was identical [MRA group (6.6 = 6.7
years) versus SRA group (8.0 + 3.2 years), p: 0.5] as well
as the overall follow-up [MRA group (8 + 7.3 years) versus
SRA (7.7 £ 6.6 years), p: 0.1] (Fig. 1). Graft survival was not
statiscally different at the first year after transplantation, (SRA
-93% vs MRA - 90%, p: 0.2), at the fifth year (88% vs 88%, p:
0.4), and at tenth year (86 vs 85%, p: 0.5). The current state of
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330 (51.0%) NS (p:0.8)
318 (49.0%)
126 (19.5%) NS (p:0.2)
522 (80.5%)
19:08 + 6:05 S (p:0.04)
127 +35 NS (p:0.2)
124.8 + 20.3 NS (p:0.6)
73.6 + 14.0 NS (p:0.8)
479 (74.0%)
169 (26.0%) 2 {p=0ui)
2:43 + 0:57 S (p<0.001)
30 (4.6%)
516 (79.7%) NS (0:0.7)
102 (15.7%)
1.8+0.9 S (p:0.01)
12.0 + 118.4 NS (p:0.3)

the patient (alive, dead or on dialysis) was not dependent on
the number of renal arteries.

The different types of arterial anastomosis did not have any
impact in the graft survival (p: 0.07) (Table 7).

Discussion
This study shows that kidney transplantation in Urology and
Renal Transplantation Department with multiple renal arteries
is a safe procedure with good results either in an early or in
a late phase. Only an experienced team with good protocols
could have these results: our center has performed 2989 kid-
ney transplants since 1980, with high skills developed through
the time. Procurement technique is essential to identify all MRA
in grafts in order to have viable grafts for the recipients. Our
series showed a prevalence of 21.7% (n = 648): this is a high
number for only one center but it is similar to other centers
numbers. Typically, MRA is observed in 8% to 30% of donors.®
A recent meta-analysis® shows that kidney grafts with MRA
were associated with higher rate of complications such as de-
layed graft function, vascular and urological complications.
Our data showed no difference: the vascular screening of re-
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Table 3: Relationship between the number of renal arteries and the type of arterial anastomosis

Number of renal arteries

Type of arterial anastomosis

Ex-vivo bench surgery techniques 403 (62.2) 55 (8.5) 7 (1.1%) 465 (71.8%)
In vivo sequential anastomosis 139 (21.4%) 25 (4.0%) 4 (0.6%) 168 (25.9%)
Mixed techniques 11 (1.7%) 4 (0.6%) 0 (0%) 15 (2.3%)

Total 553 (85.3%) 84 (13.0%) 11 (1.7%) 648 (100%)

Table 4: Surgical complications on recipients of SRA and MRA grafts

Number of renal arteries

Surgical complications

Vascular 105
Urological 149
Lymphocele 36
Bleeding 76
Wound dehiscence 41
Surgical Site Infection 8
Hernia 9
Total 424

SRA - single renal artery; MRA — multiple renal artery; NS — not significant

cipients at appointment maybe could explain our success in
these fields. The majority of grafts independently of groups
had an immediate initial diuresis. However, a higher cold is-
chaemia time was noticed with multiple renal arteries grafts
but it was also lower compared with other series.®

Our MRA grafts took more time than SRA grafts but in the
majority of cases with no more than three hours. One vies that
was not evaluated separately was the time of arterial recon-
struction that could have an important role: future studies must
have this variable. Arterial reconstruction is one of the keys:
the technique adopted was not different when we have more
than one artery and didn’t have repercussions in graft survival.
The ex-vivo bench technique was considered the preferred
technique. Arterial branches with a diameter larger than 0.5
mm should be preserved if possible.” Our center mostly chose

29 134 NS (p:0.5)
38 187 NS (:0.7)
8 44 NS (0:0.7)
29 105 NS (p:0.3)
5 46 NS (p:0.4)
3 11 NS (p:0.8)
3 12 NS (p:0.9)
115 539 NS (p:0.4)

the ex-vivo bench technique: a single anastomosis is easier to
performed with recipient’s artery. If the distance between mul-
tiple arteries was large enough to prevent a safe reconstruc-
tion, a sequential or mixed anastomosis was chosen. When
the donor is deceased, we use the aortic patch (of Carrel),
technique that cannot be done with living donors.

Another bias of this study is being retrospective: future stud-
ies must have this variable into account.

Renal function was not different between groups during the
time. In other series,%8 it was shown some differences during
the time, especially in the first month.

Grafts survival was not influenced by having more than
one artery during the time. MRA graft survival at 1 year was
90%, at 5 years was 88% and at 10 years was 85%. Typical-
ly, grafts survivals at 1 year varied from 82.8% to 96% and
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Table 5: Post-operative complications in recipients of SRA and MRA grafts

Number of renal arteries

Post-operative complications

cAR 1.1+£04 1.09 + 0.3 NS (p:0.4)
bAR 1.1+£06 1.07 £ 0.7 NS (p:0.8)
Chronic graft nephropathy 456 131 NS (p:0.5)
Graft loss 954 277
Chronic Rejection 401 114
Vascular/Urological 31 10
Infectious 32 11
. NS (p:0.6)
Renal Disease Relapse 7 0
Acute Rejection 16 5
Death with functioning graft 356 107
Lack of compliance 15 5
Never-functioning kidney 96 25

Death cause

Cardiovascular 159 45
Infectious 134 45
- - NS (p:0.9)
Hepatic insufficiency 20 7
Neoplasia 64 20
Unknown 200 54
SRA - single renal artery; MRA — multiple renal artery; cAR - clinical acute rejection; bAR — biopsied acute rejection; NS — not significant
Table 6: Creatinine serum value and clearance using the Cockcroft-Gault formula between groups
Number of renal arteries
Time Variables
1 month Cr (mg/dL) 16+1.0 1.6+ 1.1 NS (p:0.9)
GFR (mL/min/1.73m?) 63.9 + 24.2 63.1 + 23.1 NS (p:0.4)
Cr (mg/dL) 16+35 1.4+05 NS (p:0.4)
6 months 3 2
GFR (mL/min/1.73m2) 65.7 + 22.6 65.6 + 22.5 NS (p:0.9)
1.4+ 0.6 14 +£0.7 NS (p:0.5
12 months Cr (mg/dL) : (p:0.5)
GFR (mL/min/1.73m2) 67.4 £ 22.8 65.9 + 22.9 NS (p:0.1)
5 Cr (mg/dL) 15+0.7 15+0.7 NS (p:0.8)
ears ”
Y GFR (mL/min/1.73m2) 69.4 + 24.3 68.1 + 23.1 NS (p:0.5)
10 Cr (mg/dL) 1.9+86 1.4+0.8 NS (p:0.4)
ears :
U GFR (mL/min/1.73m?) 740+ 288 727+ 253 NS (p:0.6)

SRA - single renal artery; MRA — multiple renal artery; Cr — creatinine, GFR — glomerular filtration rate; NS — not significant

at 5 years varied from 70% to 88.6%.8 Gawish et aP showed vival (81.4%). However, this meta-analysis included studies

also no differences in graft survival between groups as well that could have only 50 patients. So, that fact could introduce
as Benedetti et al.”® The most recent meta-analysis® showed some heterogeneity. Nevertheless, like the meta-analysis,
higher 1-year graft survival (93.2%) but lower 5-year graft sur- long-term outcomes were comparable between groups.
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Recipients survival curve between groups

Number
1,04 p value: 0.1 of
arteries
1
>=2
0,84
0,6+
0,4
0,2+
0,04
T T T T T T T
,00 5,00 10,00 15,00 20,00 25,00 30,00

Follow-up (years)

Figure 1: Comparison of recipient’s survival curves between
groups (Kaplan-Meier curve).

Table 7: Graft Survival time according to the type of arterial
anastomosis adopted for multiple renal arteries graft anas-
tomosis

Graft survival time
(years)

Type of arterial

anastomosis

Ex-vivo bench surgery

techniques 7.7+7.2

In vivo squennal e NS (90.07)
anastomosis

Mixed Technigues 7.0+4.8

NS: not significant

Conclusion

Multiple renal artery grafts were not a problem in our unit: despite
needing a longer operative time, higher cold ischemia time and
higher blood transfusions rate, the short and long-term outcomes
were comparable between groups, allowing to be used safely
and with results similar to single renal artery grafts. @
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