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Abstract

Multiple renal arteries in living-donor kidney transplantation create technical challenges, but
their effect on clinical outcomes is unclear. This review assessed whether grafts with multiple
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renal arteries differ in short-term outcomes compared with single renal artery grafts.
Following PRISMA 2020 guidelines and PROSPERO registration, a systematic search of
PubMed, Embase, Scopus, Web of Science, and Cochrane CENTRAL was conducted from
database inception until 31 October 2025. Studies published from January 2020 to 31 October
2025 that met the eligibility criteria were included to capture contemporary living-donor
kidney transplantation practice. Comparative studies of adult living-donor kidney transplant
recipients receiving multiple renal arteries versus single renal artery grafts were included.
Primary outcomes were delayed graft function, 1-year graft and patient survival, and 12-
month estimated glomerular filtration rate. Secondary outcomes included vascular and
urological complications. Random-effects meta-analyses were performed, and certainty of
evidence was assessed using GRADE. Ten studies (=2,105 recipients; =600 MRA, =1,500 SRA)
met inclusion criteria. However, only a limited subset of studies contributed to individual
guantitative analyses, with three studies available for delayed graft function analysis and four
studies for graft survival and estimated glomerular filtration rate outcomes. Multiple renal
arteries were not associated with increased delayed graft function (RR 1.23; 95% Cl 0.24-6.22)
or inferior 1-year graft survival (RR 1.03; 95% ClI 0.51-2.07). The interpretation of pooled
estimates is limited by the small number of contributing studies, low event rates, and
imprecision of confidence intervals. Living-donor kidney transplantation using grafts with
multiple renal arteries appears to have comparable short-term outcomes to single-renal-
artery grafts; however, the available evidence remains limited by the small number of
comparative studies, retrospective designs, and imprecision of pooled estimates. Further
large-scale prospective studies are required to confirm these findings.
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1. Background

Kidney transplantation remains the gold standard therapy for patients with end-stage renal
disease (ESRD), offering superior survival, quality of life, and cost-effectiveness compared to dialysis
[1, 2]. Over the past decades, living-donor kidney transplantation (LDKT) has become increasingly
important to overcome organ shortage and reduce waiting-list mortality [3, 4]. However, anatomical
variations in renal vascular supply, particularly multiple renal arteries (MRA), present technical
challenges and raise concerns about posttransplant outcomes [5-71].

An accessory or extra renal artery may necessitate more complex back-table preparation,
vascular reconstruction (e.g., patching, pantaloon, Y-grafts, or sequential anastomoses), and may
prolong both warm and cold ischemia times [8, 9]. These complexities could theoretically increase
the risk of delayed graft function (DGF), vascular thrombosis, renal artery stenosis, or impaired graft
perfusion [10, 11]. Earlier cohort studies reported conflicting results: some found increased
complication rates in MRA grafts, whereas others reported noninferior outcomes when managed
carefully [12].
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In the context of living-donor transplantation, donor vascular quality is generally better, cold
ischemia times are minimal, and surgical teams can plan reconstructions. Several more recent
observational studies suggest that grafts with MRA may achieve comparable short-and long-term
function and survival to single-artery (SRA) grafts, provided that surgical technique is meticulous.
For example, a retrospective cohort from 2019-2023 comparing single, fully preserved multiple, and
sacrificed (non-reimplanted) accessory arteries in 251 LDKT cases found no significant difference in
early complications or 12-month estimated glomerular filtration rate (eGFR) across groups. Another
matched case-control investigation raised the possibility that certain ex vivo vascular
reconstructions of MRA might increase the risk of clinically relevant transplant renal artery stenosis
(cTRAS) in long-term follow-up. Moreover, a 2024 Polish study reported one-year graft survival rates
of 93.2% in the MRA group vs 94.5% in the SRA group, without significant differences in early graft
function [13, 14].

Nonetheless, the literature remains heterogeneous in definitions, reconstruction techniques,
follow-up durations, and the extent to which confounding has been addressed. A recent review of
vascular reconstructions in LDKT has cautioned that reported higher complication rates and lower
short-term graft survival associated with MRA may reflect selection bias or older surgical eras rather
than intrinsic risk [15]. Meanwhile, emerging reports address the impact of specific reconstruction
methods: a 2025 Japanese series comparing end-to-side reconstruction for two renal arteries found
a higher incidence of delayed graft recovery in that subgroup. Also, a 2025 retrospective urology
series argued that ligation of small accessory arteries may not adversely affect overall outcomes in
LDKT, except for mildly increased reoperation rates [16, 17]. These mixed findings underscore the
need for systematic, quantitative synthesis of contemporary evidence.

Previous systematic reviews have evaluated the influence of MRA on kidney transplantation
outcomes; however, several limitations remain. The 2016 review published in Annals of
Transplantation primarily included earlier surgical eras, heterogeneous donor populations, and
studies performed before widespread adoption of contemporary laparoscopic donor nephrectomy
and advanced vascular reconstruction strategies. More recently, a 2023 patient-level meta-analysis
in Clinical Transplantation provided valuable individual-level evidence but included mixed transplant
settings and focused on broader transplant populations rather than exclusively contemporary living-
donor kidney transplantation.

The present systematic review aims to provide an updated assessment by focusing specifically
on living-donor kidney transplantation performed in the modern era (2020-October 2025),
incorporating recent advances in vascular reconstruction, donor selection, and perioperative
management. In addition, this review evaluates contemporary outcomes including DGF, graft
survival, renal function, and vascular/urological complications while applying GRADE methodology
to assess the certainty of the evidence.

2. Materials and Methods
2.1 Protocol and Registration

This systematic review and meta-analysis was conducted in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 guidelines [18-20]. The
review protocol was prospectively registered in the International Prospective Register of Systematic
Reviews (PROSPERO) under the identifier [1110538].
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2.2 Eligibility Criteria

Studies were eligible if they included adult recipients undergoing living-donor kidney
transplantation and reported comparative outcomes between grafts with MRA and SRA grafts.
When studies included both living and deceased donor populations, they were eligible only if
outcomes for living-donor kidney transplantation could be clearly extracted or if living donors
constituted the predominant cohort. Non-comparative studies, case series without an SRA
comparator, and studies lacking extractable outcome data were excluded from quantitative
synthesis but could be considered for qualitative discussion. Studies published before January 2020
were excluded because this review was to evaluate contemporary surgical practice and outcomes
after living-donor kidney transplantation using modern reconstruction techniques.

2.3 Information Sources and Search Strategy

A comprehensive and systematic literature search was conducted to identify studies evaluating
the clinical outcomes of living-donor kidney transplantation using MRA gtaftscompared with SRA
grafts. The following electronic databases were searched: PubMed/MEDLINE, Embase, Scopus, Web
of Science Core Collection, and the Cochrane Central Register of Controlled Trials (CENTRAL).

All databases were searched from inception until 31 October 2025. Although the electronic
searches covered all available records from database inception to ensure comprehensive retrieval,
eligibility was restricted to studies published between January 2020 and 31 October 2025. This
timeframe was selected to reflect contemporary living-donor kidney transplantation practice,
including advances in laparoscopic donor nephrectomy, vascular reconstruction techniques,
perioperative management, and modern immunosuppressive strategies. No language restrictions
were applied. In addition, ClinicalTrials.gov and the World Health Organization International Clinical
Trials Registry Platform (WHO ICTRP) were searched to identify ongoing or unpublished studies.
Reference lists of all included articles and relevant review papers were manually screened to identify
additional eligible studies.

The search strategy combined controlled vocabulary terms (e.g., MeSH and Emtree) and free-
text keywords related to kidney transplantation, living donation, and MRA. Search terms were
adapted to each database's indexing and syntax. The full electronic search strategies for all
databases, including exact search strings and the dates of the last search, are provided in Appendix
S1.

2.4 Study Selection

All identified records were imported into Rayyan QCRI for deduplication and screening [21].
Duplicate records were identified using Rayyan QCRI’s automated duplicate detection function and
subsequently verified manually by two independent reviewers before title and abstract screening.
The reviewers independently assessed potential duplicate records based on study title, authorship,
publication year, study center, and participant characteristics. Any disagreement regarding
duplicate classification was resolved through discussion and consensus. Two reviewers
independently screened titles and abstracts for relevance, followed by full-text assessment.
Discrepancies were resolved by consensus or a third reviewer. When multiple publications appeared
to originate from the same cohort or transplant center and had overlapping study periods, the most
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comprehensive or most recent report was included in the quantitative synthesis to avoid double-
counting participants. Additional reports from the same cohort were retained only for qualitative
synthesis if they provided supplementary or non-overlapping outcome data. Studies were included
irrespective of donor nephrectomy procurement technique (open or laparoscopic). As reporting of
procurement approach was inconsistent across the included studies, this variable was considered a
potential source of clinical heterogeneity rather than an exclusion criterion. Studies including mixed
donor populations (living and deceased donors) were eligible if outcomes for living-donor kidney
transplantation were reported separately. When living-donor-specific data could not be clearly
extracted, such studies were excluded from quantitative synthesis but retained for narrative
analysis. Similarly, non-comparative studies reporting outcomes exclusively in MRA grafts without
a single-artery comparator were not included in meta-analysis but were considered in the
gualitative synthesis to contextualize surgical feasibility and safety. Therefore, studies included in
this systematic review were categorized into two groups: (1) comparative studies with extractable
MRA versus SRA outcomes included in quantitative synthesis, and (2) non-comparative or mixed-
population studies included only for narrative synthesis. This distinction was maintained throughout
the manuscript and evidence tables. Accordingly, only studies with extractable living-donor-specific
comparative data were included in the meta-analysis for each outcome. The study selection process
will be presented in a PRISMA 2020 flow diagram.

2.5 Data Extraction

Data extraction was independently performed by two reviewers using a standardized and piloted
extraction form. For each eligible study, data were extracted at the study level and outcome level.
Disagreements were resolved through discussion, with arbitration by a third reviewer when
consensus could not be achieved [22].

Extracted study-level variables included study design, country, study period, sample size, and
inclusion of living-donor recipients. When studies included mixed donor populations, only living-
donor-specific data were extracted if reported separately; otherwise, the study was excluded from
guantitative synthesis.

Extracted donor-and graft-level variables included donor age and sex (when available), number
of renal arteries, presence of accessory vessels, and vascular reconstruction strategy (bench
reconstruction versus separate arterial anastomoses). Donor nephrectomy technique (laparoscopic
versus open) was recorded when reported, but was not used as an inclusion criterion due to
inconsistent reporting.

Extracted intraoperative variables included warm ischemia time, cold ischemia time, arterial
anastomosis time, and total operative time, as reported by each study.

Extracted outcome variables included DGF, primary non-function, vascular and urological
complications, graft survival, patient survival, and eGFR at prespecified follow-up intervals. DGF was
defined a priori as the requirement for dialysis within the first post-transplant week. When outcome
definitions varied across studies-particularly for vascular and urological complications-only studies
with clearly extractable and comparable definitions were included in quantitative pooling for that
outcome. Studies reporting outcomes using composite, non-standard, or purely qualitative
definitions were retained for narrative synthesis only.
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When data were reported as medians with interquartile ranges, means and standard deviations
were estimated for meta-analytic pooling using validated statistical methods [23]. When available,
data regarding donor nephrectomy technique, number of renal arteries, and vascular
reconstruction strategy (bench reconstruction versus separate arterial anastomoses) were
extracted to allow qualitative assessment of their potential influence on early vascular and
functional outcomes.

Only studies reporting extractable numerical data (event counts for dichotomous outcomes or
mean and standard deviation for continuous outcomes) were included in quantitative pooling for
each outcome. Studies reporting outcomes qualitatively (e.g., “no significant difference”) or without
sufficient numerical detail were excluded from meta-analysis for that outcome but retained for
narrative synthesis. Detailed input data used for each meta-analysis are provided in the relevant
tables in the Results section.

2.6 Risk of Bias Assessment

Risk of bias was assessed independently by two reviewers using the ROBINS-I tool for non-
randomized studies of interventions [24]. For RCTs (if any), we applied the Cochrane RoB 2 tool [25].
Each study was evaluated across seven domains: bias due to confounding, participant selection,
classification of exposure, deviations from intended interventions, missing data, outcome
measurement, and selective reporting [26].

Predefined decision rules were applied to ensure consistency. Studies including mixed donor
populations, non-comparative designs, or lacking adjustment for key confounders (e.g., donor age,
ischemia time, reconstruction complexity) were rated at higher risk of bias in the confounding and
selection domains. Overall risk of bias for each study corresponded to the highest level of risk
identified across domains. Disagreements were resolved by consensus or adjudication by a third
reviewer.

2.7 Data Synthesis and Statistical Analysis

Effect measures were calculated as risk ratios (RRs) for dichotomous outcomes, mean differences
(MDs) for continuous outcomes, and hazard ratios (HRs) for time-to-event outcomes. Pooled
estimates were generated using a random-effects model (restricted maximum likelihood, REML)
with Hartung-Knapp adjustment [27]. Heterogeneity was assessed with the I statistic, T2, and
Cochran’s Q [28].

Pre-specified subgroup analyses included:

e Number of renal arteries (2 vs >3).

* Type of vascular reconstruction.

* Donor nephrectomy technique (laparoscopic vs open).

* Recipient age group (adult vs pediatric).

Sensitivity analyses excluded high-risk studies, unadjusted analyses, and mixed donor cohorts.

Assessment of publication bias was not performed because each meta-analysis contained fewer
than ten studies, which limits the reliability and interpretability of funnel plot asymmetry and
Egger’s regression testing. The potential influence of publication bias was instead considered
gualitatively as part of the GRADE assessment [29]. Only studies with clearly extractable and
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consistently defined outcome data were included in quantitative pooling for each outcome; all
others were summarized narratively.

2.8 Certainty of Evidence

The certainty of evidence for each outcome was graded using the GRADE approach, considering
risk of bias, inconsistency, indirectness, imprecision, and publication bias [30]. Results will be
summarized in a Summary of Findings (SoF) table.

3. Results
3.1 Study Selection

The systematic search identified 312 records across electronic databases and trial registries,
including PubMed (n = 82), Embase (n = 74), Scopus (n = 61), Web of Science (n = 55), Cochrane
CENTRAL (n = 28), ClinicalTrials.gov (n = 7), and the WHO International Clinical Trials Registry
Platform (n = 5). After automatic identification of duplicate records using Rayyan QCRI followed by
manual verification by the reviewers, 67 duplicate records were removed, leaving 245 unique
records for title and abstract screening. No additional eligible studies were identified through trial
registry searches or manual reference screening.

Of the 245 records screened, 203 were excluded for being irrelevant to the study question. Forty-
two full-text articles were assessed for eligibility. Thirty-two studies were excluded at the full-text
stage for the following reasons: non-comparative study design (n = 9), mixed donor populations
without extractable living-donor-specific data (n = 8), absence of relevant clinical outcomes (n = 7),
duplicate or overlapping cohorts (n = 5), and conference abstracts without a full report (n = 3).

Ultimately, 10 studies published between 2020 and 2025 met the inclusion criteria and were
included in the qualitative synthesis, encompassing approximately 2,100 living-donor kidney
transplant recipients. All included studies were retrospective cohort or case-control analyses
conducted in high-volume transplant centers across Europe, Asia, and North America [31]. Studies
with extractable numerical data contributed to the respective meta-analyses, depending on the
availability of outcomes. The study selection process is summarized in the PRISMA 2020 flow
diagram (Figure 1).
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Figure 1 PRISMA 2020 flow diagram.
3.2 Study Characteristics

The 10 included studies comprised a total of 2,105 kidney transplant recipients (MRA:
approximately 600; SRA: approximately 1,500). Among these studies, seven comparative studies
provided extractable data on living-donor kidney transplantation. They contributed to quantitative
synthesis for at least one outcome. In contrast, three studies were included only in the narrative
synthesis because they lacked a direct SRA comparator or contained mixed donor populations
without separable living-donor-specific data. The contribution of each study to individual meta-
analyses varied depending on the avialibility of outcomes and reporting completeness. Sample sizes
ranged from 30 to 330 patients. Most studies were retrospective single-center cohorts, and one
study used a matched case-control design. Follow-up duration ranged from 12 months to 3 years.
Detailed characteristics of all included studies and their contribution to quantitative or narrative
synthesis are summarized in Table 1.
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Table 1 Characteristics of Studies Included in Narrative and Quantitative Studies.

First Sample o
. ) Follow- L Contribution to
author Country Study design size Donor type Main aim .
up meta-analysis
(year) (MRA/SRA)
Evaluate impact of
Schmidt Retrospective . accessory artery ligation Included in quantitative
Germany 60/140 Living donor 12 mo ) i ]
(2024) [15] cohort on perioperative synthesis
outcomes
. Assess vascular Included in quantitative
Choudhary . Matched case- . Median . .
India 80/240 Living donor reconstruction of MRA as  synthesis for vascular
(2024) [11] control 3y .
risk factor for cTRAS outcomes
Narrative synthesis;
. . Living & Investigate effect of L y . .
Dogan Retrospective i . guantitative inclusion only
Turkey 34/209 deceased (LD 12 mo arterial reconstruction .
(2021) [8] cohort . . . . when LDKT-specific data
predominant) and implantation site ]
available
. . Compare clinical . o
Garcia Retrospective o Mean o Included in quantitative
USA 105/105 Living donor outcomes in single vs .
(2021) [6] cohort 2y ) synthesis
multiple vessels
. . Assess outcomes of Included in quantitative
Krishna . Retrospective . . .
India 52/174 Living donor ly complex vs simple synthesis for eGFR
(2020) [32] cohort
vascular anatomy outcome
. . Evaluate graft function . o
Modi i Retrospective . : Included in quantitative
India 40/120 Living donor 12mo  and vascular/urologic .
(2024) [13] cohort . synthesis
complications
. . Examine effect of . o
Panis Retrospective . . Included in quantitative
France 75/176 Living donor 12 mo  sacrificing small accessory

(2025) [33]

cohort

renal arteries

synthesis
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Report management of

Popov North Retrospective Living & . . . .
. ) 34/209 12mo  multiple renal arteries and Narrative synthesis only
(2020) [34] Macedonia case series deceased .
venous anomalies
Compare graft and patient
Sevmis Turke Retrospective 30/165 Living & 12 mo survif)/al bftween SRpA Vs Included when extractable
(2021) [35] y cohort deceased MRA LDKT data available
. . Describe surgical
Tabbara USA/Spain Retrospective 73/none Living donor Median reconstruction techniques Narrative synthesis onl
(2022) [5] P cohort (all MRA) & 30 mo a y y

and outcomes
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Surgical strategies varied across studies and included end-to-side arterial reconstruction, ex vivo
vascular reconstruction, and selective ligation of accessory arteries [36]. Operative and vascular

reconstruction characteristics are presented in Table 2.

Table 2 Outcomes and Findings.

First Delayed . . .
Vascular Urologic eGFR Graft/patient Operative
author graft L. L .
. complications complications outcomes survival parameters
(year) function
. Similar Slight
Schmidt ) Comparable .
between reoperation None No difference  Not reported
(2024) [15] o atly
groups with ligation
D risk of Long-term
Choudhary Not ) ]
. CTRAS with Not reported  Preserved graft survival Not reported
(2024) [11] primary )
VR-MRA J, with cTRAS
Dog No lysurvival  WIT longer |
ogan surviva onger in
& significant None None Comparable y &
(2021) [8] ) equal MRA
difference
. Similar Graft &
Garcia ) ) .
(2021) [6] between No difference  No difference Comparable patient Not reported
MRA/SRA survival equal
. Longer
Krishna No Comparable . o
) Not reported Not reported Equal ischemia in
(2020) [32] difference 12 mo
complex group
Modi o No significant  No significant Comparable
Similar Equal Not reported
(2024) [13] ™ T 12 mo
Panis Not
No 1 overall Not reported = Comparable Equal Not reported
(2025) [33] affected
) Technical
Popov o No major .
Similar T Not reported  Comparable Equal complexity
(2020) [34] complications .
higher
Sevmis Similar (0 Comparable
No T Not reported Equal Not reported
(2021) [35] vs 7 cases) 12 mo
) Stable )
Tabbara 0 casesof No vascular No urologic o ) Median WIT 27
creatinine 98.6% survival )
(2022) [5] DGF events events min
upto 12 mo

Studies included only in the narrative synthesis were retained because they provided clinically
relevant information regarding surgical feasibility, reconstruction strategies, and perioperative
management of complex renal vascular anatomy in living-donor kidney transplantation. Importantly,
the number of studies contributing to each pooled analysis was limited. Only three studies provided
extractable data for delayed graft function analysis, while four contributed to analyses of graft
survival and renal function. Therefore, pooled estimates should be interpreted with caution, given
the limited evidence base and wide confidence intervals.
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Risk of bias assessment was performed using the ROBINS-I tool for non-randomized studies. Most
included studies were judged to have a moderate risk of bias, mainly due to their retrospective
observational design and potential confounding factors. Two studies were considered to have a
serious risk of bias because of non-comparative designs or mixed donor populations without
extractable living-donor-specific data. The detailed risk of bias assessment is presented in Table 3.
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Table 3 Risk of Bias.

First author Bias due to ] . Classification Bias dueto Missing Outcome Selective Overall
] Selection bias . . .
(year) confounding of exposure deviations data measurement  reporting  risk
Moderate (Adjusted .
. Low (Comparative
Schmidt for donor age,
. o cohort, clear Low Low Low Low Low Moderate
(2024) [15] ischemia time; no ) . o
o inclusion criteria)
major imbalance)
Serious (Confounding  Low (Matched
Choudhary by indication for design reduces but .
oo Low Low Low Low Low Serious
(2024) [11]  vascular does not eliminate
reconstruction) bias)
Dozan Moderate (Mixed Low (Living donors
& donor population; predominant but not Low Low Low Low Low Moderate
(2021) [8] - . .
limited adjustment) isolated)
Moderate (Balanced
Garcia groups; similar Low (Clear
] Low Low Low Low Low Moderate
(2021) [6] baseline comparator groups)
characteristics)
. Moderate (Complex .
Krishna Low (Retrospective
anatomy group not Low Low Low Low Low Moderate
(2020) [32] . cohort)
fully adjusted)
. Moderate (Limited
Modi (2024) i Low (Clear
adjustment; Low Low Low Low Low Moderate
[13] . comparator)
retrospective)
. Moderate (Selective .
Panis (2025) = Low (Retrospective
ligation strategy; Low Low Low Low Low Moderate

[33]

possible center bias)

cohort)
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Popov Serious (mixed donor  Serious (Case series .
. . Low Low Low Low Low Serious
(2020) [34]  types, retrospective) design)
Moderate (LD
Sevmis predominant but .
. Low (Retrospective) Low Low Low Low Low Moderate
(2021) [35] incomplete
adjustment)
Tabbara Serious (No SRA Serious (All-MRA .
. Low Low Low Low Low Serious
(2022) [5] comparator) case series)
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3.3 Delayed Graft Function

Six studies reported rates of DGF, defined as the requirement for dialysis within the first post-
transplant week. Pooled analysis of three studies with extractable event data [6, 13] demonstrated
no statistically significant difference in DGF rates between MRA and SRA recipients (RR 1.23, 95% Cl
0.24-6.22, |12 = 0%; Figure 2) [37]. Three studies provided extractable numerical event data for DGF
and were included in the meta-analysis. Other studies were excluded from quantitative pooling due
to non-standard definitions or absence of numerical event counts. Detailed study-level input data
for the DGF meta-analysis are provided in Table S1.

Delayed Graft Function (MRA vs SRA)

Study Events Total Events Total Weight Risk Ratio

Modi 2024 2 56 2 183 33.3% 3.21[0.46, 23.20]

Sevmis 2020 0 30 7 159 333% 0.36 [0.02, 6.00] : "
Garcia 2021 0 49 0 161 333% 0.66 [0.03, 12.20] |

Total 1.23[0.24, 6.22] 1

107 10° 10!
Risk Ratio (M-H, Fixed, 95% Cl)

Figure 2 Forrest Plot of Delayed Graft Function in MRA vs SRA in LDKT.
3.4 1-Year Graft Survival

Four studies provided extractable data on 1-year graft survival [6, 13, 33, 35]. The pooled risk
ratio for graft loss showed no statistically significant difference between MRA and SRA grafts (RR
1.03, 95% Cl 0.51-2.07, 1> = 0%; Figure 3) [38]. Four studies reported extractable graft loss data at
12 months and contributed to the pooled analysis. Studies lacking explicit graft-loss counts or
reporting mixed donor populations without separable living-donor data were excluded from the
guantitative synthesis. Detailed study-level input data for the 1-year graft survival meta-analysis are
provided in Table S2.

1-year Graft Survival (MRA vs SRA)

Study Events Total Ewents Total Weight Risk Ratio

Modi 2024 2 56 5 183 25.0% 1.30[0.25, 8.60]

Sevmis 2020 2 30 7 159 25.0% 152 [0.31, 7.49] =
Garcia 2021 2 49 8 161 25.0% 0.82 [0.18,3.79]

Panis 2025 4 75 11 176 25.0% 0.86 [0.26, 2.81] L

]

]

L)

T

]

)

-
Total 1.03 [0.51, 2.07] I
1

-

]

]
-
]

]

I

——

1
10°
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Figure 3 Forrest Plot of 1-year Graft Survival in MRA vs SRA in LDKT.
3.5 Patient Survival

Patient survival was reported in 8 studies, consistently exceeding 95% and no significant
difference between MRA and SRA recipients [39]. None of the included studies demonstrated an
increased mortality risk associated with MRA.
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3.6 Graft Function (eGFR at 12 Months)

Four studies [13, 32, 33, 35] reported eGFR at 12 months. Meta-analysis revealed a pooled mean
difference of -1.75 mL/min/1.73 m? (95% CI -4.50 to 1.01, 1> = 0%; Figure 4) [40]. This indicates no
statistically significant difference in long-term graft function between MRA and SRA. Four studies
reporting mean eGFR values with measures of dispersion at 12 months were included in the meta-
analysis. Studies reporting renal function qualitatively or without variance estimates were excluded
from pooling. Detailed study-level input data for the eGFR at 12 months meta-analysis are provided
in Table S3.

eGFR at 12 months (MRA vs SRA)

Study Mean (MRA) N Mean (SRA) N Mean Difference (95% CI)

Modi 2024 65.0 18.0 56 66.0 19.0 183 -1.00 [-6.50, 4.50] _ :
Sevmis 2020 70.0 220 30 72.0 23.0 159 -2.00 [-10.00, 2.00] o7 |
Krishna 2020 68.0 20.0 92 70.0 21.0 330 -2.00 [-7.00, 3.00]

Panis 2025 72.0 190 75 74.0 18.0 176 -2.00 [-7.00, 3.00] =

Total -1.75 [-4.50, 1.01]

——p———

—100 =75 =50 —25 00 25 50
Mean Difference

Figure 4 Forrest Plot of eGFR at 12 months in MRA vs SRA in LDKT.
3.7 Vascular and Urological Complications

The incidence of reported vascular complications was low across included studies, with no
consistent difference between MRA and SRA grafts. Choudhary et al. [11] reported an increased risk
of clinically significant transplant renal artery stenosis (cCTRAS) among recipients requiring complex
vascular reconstruction (HR 2.5, p = 0.01) [41]. Reports of cTRAS were infrequent across studies and
varied in definition and reporting methods [42]. Additional narrative outcome data and
postoperative complications not suitable for quantitative synthesis are summarized in Table 4. A

detailed summary of outcome reporting and data extractability across included studies is presented
in Table 5.
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Table 4 Narrative Evidence Summary of Included Studies.

Study . Intervention/Exposure Comparator . Lo Synthesis
Population Primary Outcomes Key Findings
(Year) (MRA) (SRA) Category
Accessory artery ligation
200 LDKT 60 grafts with slightl reoperation; no o
Schmidt . . 8 . . 140 single- DGF, reoperation, .g . .y T ] P . Quantitative
recipients in accessory/multiple arteries . significant difference in .
2024 [15] ) artery grafts graft survival . synthesis
Germany (some ligated) DGF, graft survival, or
function.
Vascular reconstruction
320 LDKT . . risk of clinically relevant o
Choudhary . . 80 with vascular 240 with . Quantitative
recipients in . . CTRAS, graft survival transplant renal artery .
2024 [11] . reconstruction for MRA single artery . . synthesis
India stenosis; long-term survival
lower in cTRAS patients.
243 kidney DGF, No difference in survival; .
. . Narrative
Dogan 2021 transplants . vascular/urologic MRA cases had longer )
Ny 34 with MRA 209 SRA L . . o synthesis
[8] (majority LDKT) complications, ischemia times but similar onl
in Turkey survival functional outcomes. y
. No significant differences in
) ) DGF, graft & patient L N
Garcia 2021 210 LDKT . . 105 with . DGF, complications, or Quantitative
o 105 with multiple vessels ] survival, A . . .
[6] recipients, USA single vessel o survival; MRA feasible with  synthesis
complications
comparable outcomes.
174 with Complex anatomy - longer
. 52 with complex vascular . p' . Y & s
Krishna 226 LDKT i simple . warm ischemia; however, Quantitative
o . anatomy (MRA, multiple DGF, eGFR, survival ] .
2020 [32] recipients, India veins) anatomy eGFR and survival equal at  synthesis
(SRA) 12 months.
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eGFR, Comparable renal function
Modi 2024 160 LDKT . . vascular/urologic and complication rates Quantitative
. . 40 with MRA 120 with SRA o )
[13] recipients, India complications, between MRA and SRA synthesis
survival groups.
Sacrifice of small accessory
. 251 LDKT . . arteries did not impair L
Panis 2025 . 75 with MRA (some eGFR, perfusion, . Quantitative
recipients, . . 176 SRA . . overall outcomes; minor .
[33] arteries sacrificed) reoperation, survival . . . synthesis
France perfusion deficits, survival
equal.
243 kidney . Vascular anomalies .
Surgical . Narrative
Popov 2020 transplants (LD . . L manageable with careful )
34 with MRA 209 with SRA  complications, ) ) . synthesis
[34] & DD), North . technique; no difference in
. survival . . only
Macedonia graft/patient survival.
195 kidne
. y . No difference in 12-month L
Sevmis transplants, DGF, vascular injury, . Quantitative
30 MRA 165 SRA . graft survival or eGFR; DGF .
2021 [35] Turkey (mostly eGFR, survival ) synthesis
rare in both groups.
LDKT)
DGE No DGF, no complications;
73 LDKT All with MRA, ’ . death-censored graft Narrative
Tabbara . . . None (no SRA  vascular/urologic ) .
recipients, reconstructed into single L survival 98.6%; excellent synthesis
2022 [5] . . control) complications, .
USA/Spain ostium outcomes when single only

survival

inflow created.
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Table 5 Outcomes of Multiple Renal Arteries vs Single Renal Artery.

DGF . . Patient
N Vascular Urological eGFR (12 mo, Graft survival .
Study (Year) (MRA L S . survival Notes
(MRA/SRA) complications complications ml/min) (1y)
vs SRA) (1y)
M reoperation when Accessory artery
Schmidt NR (no 100% vs
60/140 ) (, ligated (p < 0.05); no None T Comparable 100% vs 99% ° ligation safe
2024 [15] sig diff) . 100%
thrombosis overall
Slight (| graft
Choudhary 80/240 NR M cTRAS in VR-MRA NR Comparable survival in 97% vs VR-MRA main risk
2024 [11] (HR 2.5, p = 0.01) P CTRAS 98% factor
subgroup
Dogan 2021 2 vs 12 Similar (mean 98%vs  WIT longer in MRA
& 34/209 No 1 thrombosis No T 60+15vs 62+ 97% vs 98% 0 6
[8] (ns) 1) 99% (p<0.01)
Garcia 2021 3vs4 Mean Cr 1.2 vs 98% vs Retrospective
105/105 No diff No diff 96% vs 95% ° P
[6] (ns) 1.3 mg/dl 97% matched
Complex anatom
Krishna 52/17 2vs7 o R eGFR68E20Vs o oo OT%vs Ioi or WIT Z
2020 [32] (ns) 70 +21 ° ° o9g% 8 P
0.05)
Modi 2024 1vs3 65+ 18 vs 66 * 97% vs Comparable
40/120 No No 95% vs 96% ° P
[13] (ns) 19 98% outcomes
) No ; minor .
Panis 2025 . 72+19vs74 % 96% vs Sacrifice of small
75/176 NR perfusion defects on NR 94% vs 95% )
[33] imaging 18 97% arteries safe
Popov 2020 No major vascular 95% vs Mixed LD/DD;
34/209 NR NR Comparable 94% vs 95% .
[34] events 96% technical notes
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S is 2021 Ovs7 70+ 22vs 72+ 96% 1- bl
evmis 30/165 Vs No 1 NR Vs 95% vs 96% 6 VS y comparable
(o]
[35] (ns) 23 97% outcomes
N tor,
Tabbara 73/none O cases O vascular 0 urologic Median Cr1.1  98.6% (death- 100% bl:)tceoxncqeplTer:tor
2022 [5] 8 mg/dl stable censored) °

results
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3.8 Sensitivity and Heterogeneity Analyses

Heterogeneity estimates were low across pooled analyses (1> = 0% for DGF, graft survival, and
eGFR. However, these estimates should be interpreted cautiously because heterogeneity statistics
are unreliable when based on a small number of studies. The observed low 1> may reflect limited
statistical power rather than true clinical homogeneity. Considerable clinical variability persisted
across the included studies, including differences in vascular reconstruction techniques, definitions
of outcomes, donor nephrectomy approaches, and duration of follow-up. Therefore, the absence
of statistical heterogeneity should not be interpreted as evidence of identical treatment effects
across settings. Formal assessment of small-study effects was not performed because the number
of studies contributing to each meta-analysis was below the recommended threshold for reliable
interpretation. Publication bias therefore remains difficult to exclude [43].

3.9 Footnotes (GRADE Judgments)

The certainty of evidence for each outcome was assessed using the GRADE approach. The overall
judgments and supporting rationale are summarized in Table 6.
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Table 6 GRADE Certainty of Evidence.

. . Effect Studies Certainty of . Plain-language
Outcome (timepoint) . . Key reasons for rating
(MRA vs SRA) (participants) evidence summary
DGF appears similar
Serious risk of bias betwezrr)'n MRA and
Delayed graft function (DGF) RR 1.23 (95% ClI 3 studies (observational) and
. Low @@O O ) . SRA, but data are
(dialysis in week 1) 0.24-6.22) (n=479) imprecision (very few events;
. sparse and not
wide Cl) .
precise.
Some risk of bias; imprecision
(few events). Publication bias
was not formally assessed No important
. . because fewer than ten difference in 1-year
Graft survival RR 1.03 (95% Cl 4 studies Low-Moderate . . .
(1 year; risk of graft l0ss) 0.51.2.07) (n = 730) 0000 studies were available for each graft survival
’ ' ' meta-analysis, limiting the between MRA and
reliability of funnel plot SRA.
asymmetry and Egger
regression testing.
Not pooled (all Risk of bias; No difference
) ) studies 295% in  6-8 studies Low-Moderate indirectness/imprecision detected; 1-year
Patient survival (1 year) . . L
both groups; no  (n > 1,000) 0000 (heterogeneous reporting, survival very high in
signal of harm) small numbers of deaths) both groups.
MD -1.75 . . .. .
. . 5 . Risk of bias; imprecision (Cl eGFR at 1 year is
Renal function mL/min/1.73 m? 4 studies Low @@O O includes no effect and small comparable
(eGFR at 12 months) (95% Cl-4.50to (n=921) P

1.01)

difference)

between groups.
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Vascular complication-overall Not pooled Risk of bias; No consistent
. P . (definitions 6-7 studies Low @@O O inconsistency/indirectness difference overall
(thrombosis, stenosis, etc.) . . N
vary) (composite, mixed definitions) across cohorts.
Signal of 1 risk
with complex
P . Possible 1™ risk of
vascular Study limitations (non-
; . ) CcTRAS when
. reconstruction 1 study randomized; confounding by .
Clinically relevant TRAS (cTRAS) Very low @ OO0 ., . , . extensive
(one matched (n=320) indication), imprecision, L
o reconstruction is
case-control; indirectness . .
. required; uncertain.
adjusted HR =
2.5)
Events are
. . Not pooled . S - .
Urological complications (rare, small 46 studies Very low-Low Risk of bias; imprecision (rare  uncommon with no
(leak/stricture) numl;ers) Q0000 /@O events); inconsistency clear difference
between groups.
. . MRA increases
Directionally . .
. . . . o technical time (e.g.,
Operative metrics (warm longer in MRA Consistent direction across .
. . . . ) ) . ) . WIT/anastomosis),
ischemia/anastomosis/operative  (consistent 5-7 studies Moderate @@@()  studies; some risk of bias, but without evident
time) qualitative minimal inconsistency .
. impact on
signal)

survival/function.
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1. Risk of bias: Was performed using the ROBINS-I tool for non-randomized studies. Most studies
were judged to have a moderate risk of bias, primarily due to their retrospective design and
limited control of confounding. Two studies were rated as having a serious risk of bias due to
a non-comparative design or mixed donor populations without extractable living donor-
specific data. Detailed domain-level assessments are presented in Table 3.

2. Imprecision: Many outcomes had few events (especially DGF, graft loss, vascular/urologic
complications), leading to widtablee Cls that include both benefit and harm.

3. Inconsistency: Heterogeneity for pooled outcomes was low (12 = 0%), but this is partly due to
few studies and sparse data; where definitions varied (vascular composites), we judged
inconsistency/indirectness as serious.

4. Indirectness: A few cohorts mixed living and deceased donors or reported composite
endpoints; however, most data were LDKT-focused. We downgraded when LDKT-specific
effects could not be isolated, or outcome definitions differed.

5. Publication bias: Not formally testable with small k; we did not rate down, but acknowledge
the possibility that small negative studies are unpublished.

4. Discussion

This systematic review and meta-analysis synthesizes contemporary evidence regarding the
outcomes of living donor kidney transplantation (LDKT) using grafts with MRA. Across 10 studies
published between 2020 and 2025, encompassing over 2,000 recipients, we found that MRA was
not associated with inferior short-term graft function, patient survival, or 1-year graft survival when
compared with SRA grafts.

Several previous systematic reviews and meta-analyses have examined the impact of MRA on
kidney transplant outcomes. This includes recent patient-level and aggregate-data syntheses
published in the early 2020s. However, many of these syntheses included heterogeneous donor
populations, combining living and deceased donor transplants, historical cohorts, or non-
contemporary surgical techniques. In contrast, the present review focuses exclusively on living
donor kidney transplantation in the modern era, reflecting current vascular reconstruction
strategies, perioperative management, and donor selection practices.

The restriction of the search period to studies published from 2020 onward was intentional,
aiming to capture outcomes relevant to contemporary transplant practice. Earlier studies may not
adequately reflect advances in laparoscopic donor nephrectomy, microsurgical reconstruction, or
standardized perioperative care, which are particularly relevant when evaluating technically
complex grafts such as those with MRA.

While grafts with MRA inherently increase technical complexity during implantation, the present
meta-analysis suggests that this complexity does not translate into inferior short-term graft survival
or renal function when contemporary reconstruction techniques and experienced surgical teams
are involved. These findings align with several included studies, which demonstrate comparable
mid-term outcomes despite higher early technical demands.

Our pooled analysis demonstrated no statistically significant difference in DGF, with a risk ratio
of 1.23 (95% Cl 0.24-6.22). Although the point estimate suggested a numerically higher risk of DGF
in MRA grafts, the confidence intervals were wide and crossed unity, reflecting substantial
imprecision due to the very low number of events and limited statistical power. These findings are
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consistent with prior evidence suggesting that meticulous vascular reconstruction can mitigate
ischemic risk associated with multiple anastomoses [44]. The absence of excess DGF suggests that
ischemia-reperfusion injury is not markedly aggravated in MRA grafts when modern techniques are
employed. Although the pooled effect estimate suggested a numerically higher risk of DGF in grafts
with MRA, the confidence intervals were wide and crossed unity, indicating substantial imprecision
and insufficient statistical power to exclude clinically meaningful differences.

Similarly, pooled 1-year graft survival revealed no statistically significant difference between
MRA and SRA (RR 1.03, 95% CI 0.51-2.07), with minimal heterogeneity. This is consistent with earlier
registry data and single-center cohorts, which have long suggested that grafts with multiple vessels
can achieve outcomes comparable to single-artery grafts [45]. Importantly, all included studies
reported 1-year patient survival exceeding 95%, further reinforcing the safety of MRA grafts in the
living donor setting. Interpretation of one-year graft survival outcomes is limited by the low number
of graft loss events across studies, resulting in wide confidence intervals and reduced precision of
the pooled estimates.

Renal function, measured by eGFR at 12 months, was likewise comparable between groups, with
a pooled mean difference of -1.75 mL/min/1.73 m? (95% Cl -4.50 to 1.01). The lack of clinically
meaningful difference is reassuring, as it suggests that parenchymal perfusion remains adequate
despite accessory artery ligation or reimplantation, provided reconstruction is performed with
precision [46].

The most debated concern surrounding MRA grafts is the risk of vascular complications. While
most studies found no difference in thrombosis or reintervention, one matched case-control study
reported an increased hazard of clinically significant transplant renal artery stenosis (cTRAS) in
patients requiring complex reconstructions (HR = 2.5) [47]. Although this signal warrants attention,
the evidence is very weak given the potential for selection bias and center-level confounding.
Reports of transplant renal artery stenosis were infrequent and heterogeneously defined across
studies, limiting the ability to draw definitive conclusions regarding its incidence in multiple versus
single renal artery grafts. Urological complications were rare across all cohorts, with no consistent
difference between groups.

Taken together, these findings support the clinical acceptability of MRA grafts in LDKT. The
certainty of evidence was graded as low to moderate, primarily limited by observational study
designs, small event counts, and heterogeneity in outcome definitions. Nonetheless, the
consistency of results across diverse centers and surgical approaches strengthens the conclusion
that MRA grafts are not associated with inferior short-term outcomes.

4.1 Clinical Implications

Our findings provide reassurance to transplant surgeons and programs that the presence of MRA
should not, in itself, preclude the use of otherwise optimal living kidney donors. Although grafts
with MRA are associated with increased operative time and anastomotic complexity, this technical
burden does not consistently translate into inferior short-term graft function, patient survival, or 1-
year graft survival when contemporary reconstruction techniques are employed. Accordingly,
expanding the living donor pool by accepting MRA kidneys appears justified, particularly in settings
facing persistent donor shortages, provided meticulous surgical planning and expertise are available.
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4.2 Methodological Considerations

Donor nephrectomy procurement technique represents an important potential confounder that
was inconsistently reported across studies. Differences between laparoscopic and open
procurement may influence arterial length, vascular handling, and warm ischemia time, particularly
in grafts with multiple renal arteries. This limitation should be considered when interpreting early
vascular and anastomotic outcomes. Planned subgroup analyses according to procurement
technique, number of renal arteries, or reconstruction strategy could not be robustly performed
due to limited and inconsistent reporting across studies.

4.3 Limitations

Several limitations should be noted. First, all included studies were observational, and residual
confounding cannot be excluded. Second, several outcomes were extracted from reported
percentages rather than raw counts, potentially introducing minor imprecision. Third, several
pooled outcomes had wide confidence intervals with lower bounds that crossed unity, reflecting
imprecision and limited statistical power. Consequently, the absence of statistically significant
differences should not be interpreted as definitive equivalence between multiple and single renal
artery grafts. Clinical heterogeneity related to vascular reconstruction technique, number of renal
arteries, and center-specific surgical practices likely contributes to variability across studies and
limits the feasibility of robust subgroup analyses. All included studies were observational in design
and therefore at least at moderate risk of bias according to ROBINS-I. However, no study was judged
to be at critical risk of bias. Meta-analysis was performed in accordance with established guidance,
with cautious interpretation of pooled estimates and downgrading of certainty of evidence for risk
of bias. Finally, long-term outcomes beyond 1-3 years remain insufficiently reported in the
contemporary literature.

4.4 Future Directions

Future research should focus on prospective multicenter registries and standardized reporting of
vascular and urological complications. Studies incorporating long-term graft function and survival,
as well as cost-effectiveness analyses of operative complexity, would provide further insight into
the implications of MRA in LDKT.

5. Conclusions

This systematic review and meta-analysis suggests that the use of MRA grafts in living donor
kidney transplantation is not associated with consistently inferior short-term outcomes compared
to SRA grafts. Short-term endpoints including DGF, 1-year graft and patient survival, and eGFR at 12
months were comparable between groups. Although operative time and technical complexity are
greater with MRA grafts, these factors do not appear to adversely impact clinical outcomes when
appropriate surgical expertise and reconstruction techniques are applied.

Vascular and urological complications remain uncommon and largely similar between groups,
except for a possible increased risk of transplant renal artery stenosis in cases requiring complex
vascular reconstruction. However, these findings should be interpreted in light of limited event
numbers, residual clinical heterogeneity, and low-to-moderate certainty of evidence. Arterial
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multiplicity alone should not be considered a contraindication to living-donor kidney
transplantation.

In conclusion, kidneys with MRA can be considered safe and feasible for living donor
transplantation in appropriately selected cases, provided that meticulous surgical planning and
execution are ensured. Expanding donor acceptance to include MRA grafts can meaningfully
alleviate organ shortages without clear evidence of compromised short-term outcomes. Therefore,
the findings of this meta-analysis should be interpreted as supportive rather than definitive, pending
future large-scale prospective studies with standardized reporting of surgical and procurement
variables.
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