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Abstract

Context: Chronic Kidney Disease (CKD) is a progressive disorder characterized by irreversible renal
damage and gradual loss of function, frequently diagnosed at advanced stages leading to end-stage renal
disease (ESRD). Kidney transplantation remains the definitive treatment for ESRD, yet surgical complexity
is strongly influenced by recipient anatomy.

Aim and Objectives: To review the impact of anatomical variations on kidney transplantation, highlighting
their role in operative planning, technical execution, and long-term graft outcomes.

Methodology: This narrative review synthesizes evidence on anatomical considerations in kidney
transplantation, focusing on pelvic vasculature, pelvic structures, and donor-recipient mismatches that
affect surgical feasibility, complication risks, and graft survival. Perspectives from retrieval and implanting
surgeons highlight the importance of preoperative anatomical assessment. A systematic search of Medline,
Web of Science, PubMed, and Google Scholar was conducted using controlled vocabulary and keywords
related to Anatomy of the kidney (variations on kidney blood supply, renal blood supply, kidney anomalies,
pelvic anatomy) and kidney transplantation (renal transplantation, kidney transplantation, kidney allograft
recipients, kidney transplant recipients). Boolean operators, complemented by manual searches were
employed to fine-tune the search terms. A total of 164 articles published from 1999 to January 31, 2026,
were identified and evaluated for relevance, with 46 ultimately selected for inclusion in narrative analysis.
Results: Anatomical variations in pelvic vessels and structures complicate vascular anastomosis and
increase intraoperative risks. Donor-recipient anatomical mismatches affect technical feasibility and
long-term graft survival. Anticipation of aberrant vessels by retrieval surgeons reduces implantation
emergencies. Careful anatomical planning by implanting surgeons enhances safety and effectiveness of
transplantation.

Conclusion: Anatomical perspectives are critical for successful kidney transplantation. Thorough
preoperative assessment and anticipation of anatomical variations optimize surgical strategies, reduce
complications, and improve both graft and patient survival.
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Introduction

Chronic Kidney disease (CKD) is a clinical condition characterized by progressive damage and gradual loss
of kidney function leading to failure to filter blood properly. It is often caused by diabetes and high blood

pressure, infections, injuries, medications, and
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transplantation.

Kidney transplantation is a surgical procedure that
replaces a failed kidney with a healthy kidney from a
deceased or living person. Kidney transplantation is
the most effective treatment for end-stage renal
disease’, offering superior survival and quality-of-
life outcomes compared with dialysis. Successful
transplantation depends not only on immunological
compatibility’ but also on careful anatomical and
surgical considerations. Surgeons must account for
the physical aspects of the procedure such as size,
shape, and vascular structure of the donor kidney to
ensure it can be integrated into the recipient’s body.
Although human kidney is classically described as
having medial concavity and lateral convexity,
receiving a single artery and draining into a single
renal vein’, variations exist in its gross anatomy and
neurovascular supply. Anatomical considerations are
fundamental to both donor and recipient surgery,
influencing technical feasibility, complication rates,
and organ graft survival®’. This review explores
anatomical perspectives for precise surgical planning
and implementation in kidney transplantation for
both donor and recipient. Anatomical variations
between individuals can present unique challenges,
requiring critical planning and execution for long-
term success.

Methodology

Search strategy

A systematic literature search was conducted on
January 2026 of medical database (Medline, Web of
Science, PubMed and Google Scholar) using
controlled vocabulary and keywords related to
Anatomy of the kidney (variations on kidney blood
supply, renal blood supply, kidney anomalies, pelvic
anatomy) and kidney transplantation (renal
transplantation, kidney transplantation, kidney
allograft recipients, kidney transplant recipients).
Boolean operators (AND, OR, NOT) were employed
to fine-tune the search terms. The automatic search
was complemented by a manual search to identify
relevant articles. A total of 164 articles published
between 1999 and January 31, 2026, were identified
and evaluated for relevance.

Selection of studies and the eligibility criteria

After eliminating duplicates, the remaining articles
were subjected to title and abstract screening.
Potentially relevant studies were further evaluated,
and those with fully available texts were reviewed

based on eligibility requirements.

The inclusion criteria were as follows: (1) articles
involving grafts with multiple renal arteries in
patients with ESRD; (2) articles comparing various
renal vascular anomalies; (3) anastomosis techniques
for renal transplantation with multiple renal arteries;
(4) studies with ureteral anomalies; (5) articles with
donor kidney size; and (6) articles with recipient iliac
fossa anatomy.

The exclusion criteria were as follows: (1) studies
with irrelevant titles or abstracts;(2) studies with
inaccessible full-texts; (3) non-English publications;
(4) studies involving non-human subjects;(5); and (6)
letters to the editor, poster presentation, brief
interviews, or review articles. A total 46 data articles
were included in this narrative review, as displayed
on the flowchart.

Identification of studies via databases. Mentification of stuties via other methods
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Figure 1: Flow diagram presenting the process of
collecting data from databases included in this
narrative review.

Review results

Anatomical Structure: Anatomical perspective in
kidney transplantation involves consideration of
vascular structures supplying and draining the kidney
and the ureter anatomy in conjunction with the
placement of the donor kidney in the recipient’s iliac
fossa. Anatomic variations in the renal vasculature
occur in approximately 25-40% of patients’ and plays
a crucial role in management of end-stage renal
disease. Moreover, anatomical variants such as
ureteric status, donor kidney characteristics, and
recipientiliac fossa anatomy, are also critical factors.

Vascular anatomy: Classically, a single renal artery
originating from the abdominal aorta supplies the
kidney through renal hilum. Occasionally renal
arteries may originate from atypical sites such as the
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common iliac, superior or inferior mesenteric,
gonadal (testicular/ovarian), or the contralateral renal
artery”"”. Multiple renal arteries have been reported in
18-30% cases, and arise due to persistence of foetal
vessels'". Triple renal arteries have been described in
the general population, and instances of four to nine
renal arteries have likewise been recorded™"*". The
renal artery may also be duplicated or accompanied by
accessory renal arteries”, each represents a terminal
arterial branch that requires preservation during
kidney transplantation. The renal artery may give offa
suprarenal artery as its first branch before reaching the
renal hilum, though some variants do exist'’. Renal
veins follow similar path to arteries, however, the
most important variant related to kidney
transplantation is the duplication of the renal veins.
Kidney transplantation is complicated by the presence
of multiple arterial supplies and multiple venous
drainage in donor kidney, which predispose the graft
to ischemic injury'’. This risk is primarily associated
with prolonged warm ischemia time due to the
extended period required for vascular anastomosis.
Surgeons are required to anticipate vascular
anomalies in order to prevent complications such as
thrombosis or suboptimal perfusion during
transplantation or post-transplantation.

Donor kidney multiple supply may necessitate the
surgeon to sew up into a single patch or establish
multiple implantations into the external or internal
iliac artery or selected anastomosing artery". Early
branching renal arteries have also been reported,
which might necessitate bench reconstruction.

Ureteral anatomy: Anatomically, the ureter is a
fibromuscular tube, measured 25 — 30cm long,
responsible for transporting urine from the kidney in
the abdomen to the urinary bladder in the pelvis.
Occasionally, anatomical databases, report single
kidneys drained by double, triple, and quadruple
ureters™™. Double ureters are commonly linked to
duplication of the renal pelvis, which may be present
in either a solitary kidney or in cases of renal
duplication®. Partial duplication has also been
reported to be ureter fissus proximalis and ureter
fissus distalis”*. Each of these variants' ureters do
receive independent arterial supply.

Ureter arterial supply may derive from branches of the
renal artery, the abdominal aorta, and the superior and
inferior vesical arteries, as well as from the gonadal,
middle rectal, and uterine arteries’’’"?".
Comprehensive knowledge of both the normal and

variant patterns of the donor ureter, together with its
relationship to the arterial supply, is essential and
constitutes a prerequisite for accurate anatomical
understanding and safe kidney transplantation
procedures. Complex donor ureter anatomy or variant
arterial patterns significantly raise the risk of recipient
postoperative ureter complications, including leaks
and strictures.

Donor-Recipient Size Mismatch: Renal size has a
critical role in the clinical management of renal
disorders, including kidney transplant, given its
strong association with kidney function®*"**. Normal
human kidney size is estimated to vary from 9 -12cm
in length, 4 — 8cm in width, and 3 — 5cm in thickness,
however, it varies with age, sex, ethnic and racial
diversity”’. Kidney is larger in males than in females,
while larger in adults than children, and decreases in
size during nephrosenescence””. The size of the
transplant donor (length, weight, or volume) is
commonly recognized as a predictive factor for
recipient allograft performance, while also potentially
influencing donor outcomes such as residual kidney
functi0n27,31,32,33,34‘

Donor-recipient size mismatch can be classified into
two principal categories. The first occurs when a
relatively small kidney is transplanted into a large
recipient, potentially leading to functional strain as the
graft must meet higher metabolic demands. Here, the
risk of graft loss is high because of hyper filtration
injury”. The second arises when a large kidney is
transplanted into a small recipient, which may pose
anatomical challenges related to space constraints and
vascular adaptation, including hemodynamic
imbalance and, low perfusion into the transplant
kidney™. Both scenarios emphasize the importance of
considering donor-recipient size compatibility in
transplantation outcomes.

Although, there is no standardized ‘normal’ size for a
transplanted kidney, as allograft volume is determined
by donor characteristics, the larger donor kidney has
been linked to better recipient outcomes and post-
transplant graft function than vice versa’. However,
most transplant plans generally consider
donor-recipient size and functional asymmetry below
10% to be clinically insignificant, allowing either
kidney to be utilized. Conversely, asymmetry greater
than 20% 1is widely regarded as an exclusion
threshold™, reflecting concerns that the smaller
kidney may lack adequate functional reserve for safe
donation.
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Recipient Pelvic Anatomical Variations: Kidney
transplantation typically involves graft implantation
in the iliac fossa with vascular anastomosis to the iliac
vessels and ureteral re-implantation into the bladder.
Variations in vascular and urinary techniques are
common and should be recognized during planning
for transplant procedures. Recipient pelvic variations,
such as anatomical abnormalities or pelvic organ
prolapse, can complicate kidney transplantation and
often require individualized strategies for vascular
and urinary anastomosis”.

Damage to aberrant vessels has been linked to poorer
graft and patient survival. Awareness of common
vascular variants is critical for retrieval surgeons to
avoid injury”, while implanting surgeons must
anticipate both typical and atypical variants to ensure
awell-considered surgical plan”.

The presence of corona mortis, a vascular variant that
indicates the presence of both the normal and variant
obturator artery and venous communication (external
iliac or inferior epigastric and obturator), poses a high
risk of severe hemorrhage during pelvic surgery,
including kidney transplantation, as it lies within the
iliac fossa where graft vessels are anastomosed".
Injured corona mortis is difficult to manage because it
usually retracted into the pelvis, leading to massive
and life-threatening pelvis haemorrhage. Other
reported variants in this area include an
obturator—inferior epigastric arterial trunk arising
from the external iliac artery, from which the left
obturator artery originated as a branch®.

[liolumbar artery variants also may complicate the
kidney transplant due to its position and origin. In
normal anatomy, it originates from the posterior
division of internal iliac artery and coursing on the
superior medial portion of the iliac fossa, however,
may arise from the main internal iliac, or common
iliac or external iliac artery”, or may have two
separate branches from the internal iliac artery.
Transplant recipient vessel preparation entails
dissection of the external iliac artery and vein for
anastomosis. Variants involving iliolumbar artery
may cross the operative field and necessitate surgical
intervention such as ligation, while unrecognized
iliolumbar branches can lead to significant
hemorrhage during transplantation.

Size discrepancies between donor kidneys and
recipient pelvic cavities can complicate implantation,
particularly when asymmetry thresholds are
exceeded. This anatomical observation is encountered
when the donor kidney is unusually large or the

recipient’s pelvis is small (common in paediatric or
petite adult patients). Donor-recipient size mismatch
involving an oversized kidney can cause pelvic
crowding and structural compression, increasing
compartmental pressure and risk of post-operative
complications.

Recipient pelvic congenital anomalies also have
influence on the kidney transplantation outcomes”.
Pelvic malformations can alter vessels or urinary
bladder position, morphology and orientation,
reducing space in the iliac fossa and complicating
graft placement and vascular anastomosis (Figure 2).

Large Donor Kidney in Small Pelvic Cavity

Well-matched implanted kidney with optimal placement
T k. - -

Figure 2: Illustration on Kidney transplant size
discrepancies. Note (a) the pelvic organs
compression when donor kidney exceeding the
asymmetry threshold, and (b) when the donor
kidney matches with the recipient iliac fossa.

In contemporary kidney transplantation, the donor
kidney is placed into the recipient’s iliac fossa. To
facilitate an optimal angle for vascular anastomosis,
the graft is positioned using laparotomy pads, rolled
gauze, or manual adjustment”. Maintaining stable
allograft positioning in this space is often difficult, as
the graft may rotate posteriorly, settle too low, or
adopt an unstable orientation due to the anatomy of
the iliac fossa which is more vertical and shallower in
female, while more rugged and more medial
inclination’. These positional challenges are
associated with recipient iliac fossa anatomy and
structures/organs, henceforth, heighten the risk of
graft torsion, vascular tension, and impaired venous
drainage. Advances in technology have facilitated the
growing adoption of robotic-assisted kidney
transplantation’. Henceforth, a comprehensive
knowledge of the documented anatomical variations
of the iliac fossa anatomy is essential to retrieval
surgeons and implanting surgeons during surgical
planning, as it mitigates intraoperative risks and
reduces post-transplant complications
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Conclusion

Kidney transplantation remains the definitive
treatment for end-stage renal disease, nevertheless
surgical complexity is often dictated by implant
recipient anatomy. Anatomical variations of the
recipient pelvic vessels, pelvic anatomy, donor-
recipient mismatch, can significantly influence
kidney implant operative planning, technical
execution, and ultimately graft and patient outcomes.
Awareness of these anatomical variants is critical for
both retrieval and implanting surgeons. Retrieval
surgeons must anticipate aberrant vessels and
associated pelvic organs anomalies to avoid injury,
while implanting surgeons should plan for potential
variations to ensure safe and effective anastomosis.
Anatomical perspectives on the donor kidney and
implant recipient anatomy is crucial for kidney
transplantation.
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