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ABSTRACT

Renal vasculature has been reported to show anatomical variations, which may
lead to surgical complications. The pattern of renal vascular variations in Paki-
stani population is not well reported. Thus, this study was designed to assess
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Renal Tr.ansp.lant Unit, the renal vascularity among kidney donors and correlate with age, gender and
Dow Unn{ersuy of ) site of vessels. A total of 223 healthy volunteers underwent evaluation for kid-
Health Sciences, Paki- ney donation at the Radiology Department, DOW University Hospital, Karachi,
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Pakistan from January 2020 to July 2022 were included. The assessment of renal
vasculature was done on computed (CT) angiogram. Renal vascular variations
were found in 112 (50.2%), 59.8% were seen in males and 40.2% in females. On
right side 50% vascular anomalies were found followed by left side with 27%
and 22% on both sides. The arterial variants included accessory renal artery
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10.38106/LMR].2023.5.3-05 hilum, 36.8% in lower polar, while 23.7% of early branching was observed. Ten
Received: 30.07.2023 retro-aortic, fourteen accessory renal veins and six bifurcation renal veins,
Accepted: 22. 09.2023
Published: 30. 09.2023 donor nephrectomy, the outcomes of the operation were completely consistent
with the results of the CTA. According to this study, Pakistani population have differences in their renal
venous and arterial anatomy, which can significantly influence surgical procedures.
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INTRODUCTION

The renal vessels have been reported for exhibiting a wide variety of variances from cadaveric imaging studies.
Due to the increasing frequency of kidney disease, transplant surgeons, nephrologists and radiologists are
intensely interested in renal vascular variations. With the development of renal transplantation, variation in
renal vascular anatomy has become more significant since it is critical in determining which kidney (left or
right) to be transplanted(1). Variations in the arteries and/or veins of the kidneys are frequently observed in
kidney donors (~ 48% and 53%). These differences include perihilar bifurcation (early branching), extra renal
arteries, and unusual renal artery branching. Multiple renal veins, retro aortic, bifurcation, and early branching
renal veins are examples of venous variant(2).

End-stage renal disease (ESRD) is becoming more common across the globe, which presents a serious problem
for the world's health care systems. The preferred course of treatment for ESRD is kidney transplantation,
which is anticipated to dramatically improve a patient's quality of life. The most successful way for treating
end-stage renal illness is kidney transplantation(3). The use of living donor kidney transplantation is rising as
a result of a lack of cadaveric organs. Preoperative radiological examination of living donors is essential since
the quality of the graft organ is what determines whether organ transplantation is successful. This necessitates
precise imaging of the potential donor's renovascular systems, collecting system, and renal architecture. The
renal vasculature can be quickly, safely, minimally invasively, and generally assessed before surgery using
spiral computed tomography angiography (CTA). To prevent unintended consequences like venous and/or
arterial injury during donor nephrectomy, it is especially crucial to demonstrate renal artery variations accu-
rately and in detail during the preoperative examination(4). To ensure the safety of the donor, Glomerular
filtration rate (GFR) and albuminuria are two essential factors in determining the probability of long-term
negative effects following donation. Both are used to identify the existence of renal disease. Urinary clearance

Email: naran-
jan.lal@duhs.edu.pk

along with six early branching renal veins, were present. Patient who received
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of an ideal filtration marker is the "gold standard" for determining GFR, and albuminuria is typically deter-
mined from untimed "spot" urine samples using the albumin to creatinine ratio(5). Every living donor should
undergo a thorough medical evaluation, which should include a thorough medical history, physical examina-
tion, blood and urine screening tests, an electrocardiogram, a chest X-ray, and imaging analysis of the kidney
anatomy and its associated vasculature. The most prevalent application of CT angiogram, which has been
shown to be a precise, safe, and economical procedure, is for the anatomical assessment of the renal donor. In
some facilities, certain living kidney donor patients get MRI/MRA. Less frequently is ultrasound used during
kidney examinations for living donors(6).

COMPUTED TOMOGRAPHY ANGIOGRAPHY (CTA):

A standard CTA procedure for evaluating Renal Healthy donor can undergo CTA imaging using a 4-phase
CT image acquisition methodology. During first phase a non-contrast image acquisition is done followed by
the arterial phase and nephron graphic phase, and finally excretory phase which is also known as pyelo-
graphic phase(7).

Acquiring Non-Contrast Images

This is the best phase to determine whether kidney stones or calcifications are present. However, given that
the donor are healthy volunteers the arterial phase is considered to be sufficient for detecting kidney stones.
In many centers this phase is not highly recommended. On CT scans, this could, however, lead to an increase
in false-positive "stone" detection.

Arterial Phase CTA Image Acquisition

Automated bolus monitoring can be used in CTA for renal donors, much like it is in conventional CT angi-
ography investigations to evaluate abdominal artery anatomy. An injection rate of 4 to 5 mL/s can be used to
provide a nonionic contrast agent with a concentration of 300 or 370 mg iodine/mL. Depending on the iodine
concentration, the maximum dose for the contrast should be 100 or 120 ml. The diaphragm dome and the distal
part of the common iliac arteries, or the iliac crest, should be the best anatomic coverage for CTA. Another
choice for getting the CTA is to slightly postpone the arterial phase image acquisition by 25-30 seconds. Some
venous structures, such as the adrenal and gonadal veins, can be assessed using delayed arterial phase imag-
ing.

Nephrographic Phase Image Acquisition

This phase is used to evaluate renal parenchymal status, where any renal mass can be excluded. This phase
portrays renal venous architecture, which also includes smaller veins to the adrenal glands.

Excretory Phase Image Acquisition

This phase is taken between 4 to 8 minutes after contrast injection. During this phase whole collecting system
is assessed for any pathology. In some centers only scout image is taken to avoid longer radiation exposure.
Though, taking only scout image may pose a risk of missing any urothelial mass in a donor kidney.

For patients with end stage renal disease kidney transplantation is the life-saving procedure. The detailed
assessment of the donor kidney before transplantation is the essential component and greatly influences suc-
cess of the transplantation. The assessment also includes renal vascular assessment of the donor in order to
avoid any surgical complications. Currently CT angiography is the gold standard method.

There is always a chance of finding anatomical variations in humans including renal vasculature. This is par-
ticularly important in transplant procedures. There are a number of cadaveric reports where renal anomalies
have been reported. However, there is limited literature available including living donors. Thus this study was
designed to assess CT angiography of the living donor assessed for renal vasculature.

METHODS

The current study was carried out at the Renal Transplant Unit of the DOW University of Health Sciences'
(OJHA Campus), Karachi, Pakistan. This was a retrospective cross-sectional study based on an institution
and a review of old records from transplant unit. All kidney donors who had donor nephrectomy between
2020 and 2022 were the subject of the study. 24 patients' records from 247 kidney donor were excluded from
this study because they had CT angiography done from other hospital.
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Figure 1. CT angiograms of different phases: a: Arterial Phase, b: Arteria Phase, two arteries on right side
c: Arterial phase, bilateral renal arteries d: Nephrographic phase e: Excretory phase

This study involved a total of 223 kidney donors. A standardized checklist was used to capture information
about each kidney donor's age, sex, and description of the renal vascular anatomic reports made by radiolo-
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gists (CT Angiography reading) and transplant surgeons in the centre. After a thorough examination of per-
tinent literature and comparable research, a data collection method was created to ensure the quality of the
collected data.
In this study, we describe the pattern of vessels as follows: A major renal artery that has branched was re-
ferred to as an early branching renal artery. At the left side renal vein that runs posterior to the abdominal
aorta between the aorta and empties into the inferior vena cava is known as the retro aortic renal vein. The
left renal vein's division into its anterior and posterior limbs is known as the bifurcation of the renal vein.
Statistical analysis
After being coded, cleaned up, and entered into Epi-data version 4.4, all the collected data was exported to
SPSS version 20 for analysis. Calculated descriptive statistics included frequencies and percentages. With
regard to the gender and laterality, the information on the renal vascular structure was assessed. For cate-
gorical data, the chi-square test was used, and p-value< 0.05 was regarded as statistically significant.
RESULTS
Basic demographic features of kidney donors
A total of 223 individuals were included in this study, of which 103 (46.2%) were men and 120
(53.8%) were women kidney donors. The age of the donors ranged from 18 to 65 years, with a mean
age of 34.36 years (+SD 10.02). The majority of the donors (~50.8%) were between the age of 20 and
30 years. However, it was significantly correlated with vasculature variation (p-value=0.630).
A total of 112 kidney donors showed vascular variation including 30.0% of male donors and 20.17%
of female donors. Males substantially outnumbered than females in terms of the proportion of renal
vascular alterations but it was not significantly correlate with gender (p-value= 0.38).
Pre-operative CT angiograms were performed of the donors to evaluate the renal vascular architec-
ture. A statistically significant correlation between vascular variations and laterality was observed
(p-value <0.001). A summary of vascular variations is presented in Table 1, which were more com-
mon at right side as compared to left side (25.1% versus 13.9% respectively) and variation on both
sides was observed is 11.2% (Figure 2).
kidney donors' renal vascular variations
Table 2 showed number of vessels among gender. At right side double artery was more common
among males than females (31.25% versus 13.39% respectively), while double vein were more com-
mon among females than males (14.3% versus 11.6% respectively). On left side double artery was
more common among males than females (25.8% versus 15.2% respectively) while double vein was
not common among females and only small proportion of males. Vasculature variation did not sta-
tistically correlate with laterality and number of vessels.
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Figure 2. Demographic characteristics of kidney donors with vascular anatomy
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Table 3 showed arterial and venous variations. The accessory renal artery was more commonly
originated from lower pole (36.8%) while 23.7% early branching was observed in arterial variation.
In venous variations, 16.7% showed accessory renal vein in males and 22.2% among females. Retro
aortic veins (13.9%) and early branching (8.3%) are equally observed among males and females
while bifurcation variation (16.7%) were identified only among females.

Table 1. Number of vessels in Kidney donors- males versus female donors

Number of vessels Gender Total (n=112)
Male (n=67, 59.8%) ‘ Female (n=45, 40.2%)

Right Renal Artery

Single 31(27.6) 28(25.0) 59(52.7)

Double 35(31.2) 15(13.4) 50(44.6)

Triple 1(0.9) 2(1.8) 3(2.7)

Right Renal Vein

Single 53(47.3) 29(25.9) 82(73.2)

Double 13(11.6) 16(14.3) 29(25.9)

Triple 0(0.0) 1(0.9) 1(0.9)

Left Renal Artery

Single 36(32.1) 26(23.2) 62(55.3)

Double 29(25.8) 17(15.2) 46(41.1)

Triple 3(2.7) 1(0.9) 4(3.6)

Left Renal Vein

Single 66(58.9) 45(40.2) 111(99.1)

Double 1(0.9) 0(0.00) 1(0.9)

Triple 0(0.0) 0(0.0) 0(0.0)
Table 3: Presentation of vascular variation among kidney donors

Type of variation Gender Total

Male ‘ Female

Arterial

Upper Polar 6(7.9) 4(5.3) 10(13.2)

Hilar 8(10.5) 12(15.8) 20(26.3)

Lower pole 20(26.3) 8(10.5) 28(36.8)

Early branching 12(15.8) 6(7.9) 18(23.7)

Venous variation

Accessory vein 6(16.7) 8(22.2) 14(38.9)

Retro-aortic vein 5(13.9) 5(13.9) 10(27.8)

Early branching 3(8.3) 3(8.3) 6(16.6)

Bifurcation 0(0) 6(16.7) 6(16.7)
DISCUSSION

The most effective form of treatment for ESRD is a kidney transplant. It is technically simpler to transplant
kidneys with one renal artery than kidneys with several renal arteries. Furthermore, compared to kidney
transplantation involving transplantation of kidneys with more than one renal artery, the postoperative rates
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of complication and kidney loss are lower when transplanting kidneys with just one renal artery(11,12). For
a successful graft nephrectomy, the surgeon must have precise preoperative knowledge of the donor's renal
vasculature in order to lower the risk of vascular injury and decrease the time of ischemia. Renal CT angio-
gram is the most popular technique for assessing the donor's renal arteries. The kidney with a less complex
vascular architecture is removed if both kidneys are healthy. Since the left kidney has a larger renal vein and
is surgically simpler to remove, it is favoured for laparoscopic living donor nephrectomy(13-15). Right donor
nephrectomy is preferred in several situations, such as complex left vascular anatomy or many auxiliary
arteries. Because of this, CTA is crucial in selecting the best donor kidney based on the vasculature. Accord-
ing to earlier research, CTA can accurately identify donor vessels 95% to 100% of the time(12). All CTA results
in our investigation were in agreement with the results of the operations on the harvested kidneys. Up to
one-third of the general population can have accessory renal arteries, which are the most prevalent and clin-
ically significant renal arterial variants. However, there is little chance that a kidney donor will have several
renal arteries in both kidneys(16).

This study has shown a considerable number of healthy volunteers presenting with renal vascular variation.
As reported previously there was predominance of males in having these variations (17). In this study 50.2%
population had reported higher rate of renal vascular variation while 43.2% of renal variation reported in
Iranian study conducted by Famurewa et al., in Nigerians reported rate was 50 %, while in Indians it was
59.5% (2,18). It can be inferred that the prevalence of renal vascular variations is extremely divergent in dif-
ferent populations and it is may be due to genetic differences across the populations. The frequency of ana-
tomic alterations in the renal arteries vary among various ethnic and racial groups in the general population.
Up to one-third of the normal population may have accessory renal arteries, which are the most prevalent
and clinically significant renal arterial variation(19). However, it has been found that there is a low likelihood
that a kidney donor will have more than one accessory renal artery in both kidneys(20). In the present study
arterial and venous variations were more common on the right side, dissimilarly dominance of arterial var-
iations in the left side were observed by Cinar et al(19). To the best of our knowledge, this study —in which
CTA was utilized to assess renal arteries in almost 223 kidney transplantations —is the largest series in the
literature. The fact that 67.9% of the donors had renal arteries visible on CTA is a significant finding in this
dataset. This discovery, in our opinion, is extremely helpful in terms of giving the surgical team performing
the donor nephrectomy a preliminary concept. It is well documented that the incidence of accessory renal
arteries varies widely with population, ranging from 11.4 % in Kenyans to 59.5 % in Indians(21). Variation
of renal artery were classified on the basis of their point of entry to the kidney, and the lower polar arteries
were found to be the commonest (36.8%). This is due to the fact that kidneys ascend from the pelvic region
during embryonic time; the most likely accessory renal arteries which fail to regress and persist will remain
in the lower pole of the kidney(11, 22). Early branching of renal artery have immense importance during the
transplantation, as failure of anastomosing them might lead to necrosis of a segment of the kidney and may
require a surgeon to discard the graft(8). Moreover, Lower polar arteries may cause obstruction at the
uretero-pelvic junction leading to hydronephrosis. During the renal transplantation, renal artery incision
should be done 1.5-2 cm distal from the aortic origin to provide an easier haemorrhage control and to make
anastomosis suitable. As a result, determining any possible early branching of the main renal artery is critical.
The 23.7 % of early branching of the main renal artery reported in the present study. In accordance with
previous studies, this study confirms the most frequent renal vein variation is accessory renal veins (38.9
%)(4). In angiographic and post-mortem studies, the prevalence of multiple renal veins was reported to be
11-28 %(23). Retro aortic left renal vein was found in eight donors, which in consistent with a previously
reported study. Retro aortic left renal veins may have a high number of lumbar retroperitoneal tributaries,
forming complex retro aortic systems, which can be easily injured during surgical dissection(23). This study
excluded 24 kidney donors who had CT Angiogram from outside the DOW hospital. If all kidney donor
candidates had CT angiogram from other hospital, the chance of finding a more complex variant vasculature
would increase.
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CONCLUSION

This study concluded that Pakistani population have differences in their renal venous and arterial anatomy.
The planning of surgical procedures can be significantly influenced by these variations and risk per-operative
complications. To avoid diagnostic mistakes and to optimize surgical techniques to prevent undesired
postsurgical morbidities, radiologists and surgeons need to be aware of all potential variants.
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