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Purpose: Renal vascular anatomy is known for presenting a wide range of variations. Kidneys with variant renal vascular anatomy,
when used as a graft, appear to have a potential risk that could impair the outcome of kidney transplantation. Information on renal
vascular variation and its implication in the surgical outcome of renal transplantation has not been well studied. The present study was
aimed at evaluating the outcome of transplantation of renal allografts with variant renal vasculature as compared to allografts without
renal vascular variation in the national kidney transplantation center of Ethiopia.

Patients and Methods: A health institution-based retrospective cohort study was conducted. A retrospective review of the medical
records of kidney recipients was performed. A total of 120 renal transplant recipients’ medical records were evaluated. A chi-square
test and independent #-test were used to compare the surgical outcomes of renal transplantation. Graft survival was expressed using
Kaplan—Meier curves and was compared using the log rank test. P-values less than 0.05 were considered statistically significant.
Results: Evaluation of the renal transplant outcomes has shown that the operation time and the length of hospital stay were
significantly longer among recipients of allografts with variant vasculature than those with single renal vasculature. However, no
significant difference was seen in the postoperative complication rate, rate of delayed graft function (DGF), creatinine clearance levels
at 1, 6, or 12 months postoperatively, and 1-year graft survival among recipients of allografts with and without renal vascular
variations.

Conclusion: No significant difference was noted in the overall outcome of transplantation of renal allografts with and without
vascular variations. Hence, renal allografts with vascular variations are safe to be recruited for transplantation, as shown in this study.
Keywords: renal transplantation, variant renal vasculature, renal allograft, graft survival

Background

End-stage renal disease (ESRD) is diagnosed when the patient has reached a glomerular filtration rate (GFR) of less than
15 mL/min.' Renal replacement therapy (RRT) is required for ESRD. Hemodialysis, peritoneal dialysis, and transplanta-
tion are the three types of RRT. ESRD patients can be successfully treated with hemodialysis or peritoneal dialysis, but
kidney transplantation is by far the best therapeutic choice for the vast majority of ESRD patients.”* Kidney transplanta-
tion necessitates extensive preoperative preparation and careful kidney selection. The site for transplanting a kidney is in
the iliac fossa of the greater pelvis. The renal artery and vein are joined to the external iliac artery and vein, respectively,
and the ureter is sutured into the urinary bladder.* The 5-year survival rate of kidney transplantation is more than twice
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that of dialysis, regardless of whether the donor is alive or dead, and dialysis is three times more expensive. More kidney
transplants are performed every day around the world as a result of the extended survival and improved quality of life
they bring.’

Variation of the renal vascular anatomy has gained importance with the advent of renal transplantation as it is
important in selecting the appropriate kidney (left or right) for procurement. These variations are accessory renal arteries,
prehilar branching (early branching), and unusual branching of the renal artery. Venous variants include multiple renal
veins, late confluence of renal vein, retroaortic and circumaortic renal veins.® Accessory renal arteries 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 of the graft.” Moreover, during the renal transplantation procedure, renal artery
incision should be done 1.5-2 cm distal from the aortic origin to provide an easier hemorrhage control and to make
anastomosis suitable. As a result, determining any possible early branching of the main renal artery is critical. Retroaortic
left renal veins may have a high number of lumbar retroperitoneal tributaries, forming complex retroaortic systems,
which can be easily injured during surgical dissection.® Multiple renal veins may require the need to change the standard
surgery protocol for renal transplantation and aneurysm resection. In the case of the circumaortic left renal vein,
sometimes the posterior limb is not acknowledged before surgery and the renal vein seems to be normal looking, in
which case the surgeon might injure the posterior limb.®

Kidneys with variant vasculature are prevalent in the general population (between 18% and 50%).>*® Worldwide,
more than 100,000 kidney transplantations are performed each year.” Owing to the scarcity of donor kidneys and the
rising frequency of end-stage renal disease (ESRD), there is a global trend toward approving the so-called extended
criteria kidney donors. Transplantation of renal allograft with vascular variations necessitates a sophisticated vascular
reconstruction and anastomosis. Because renal vascular variations in kidney donors are linked to greater surgical
complication rates in both the donor and recipient, recruiting renal allograft with variant vasculature for transplantation
is considered as an expanded criterion.'®

Some studies have linked the extensive dissection and back-table reconstruction to an elevated risk that could
compromise the renal transplantation outcome.'""'? In addition, transplanting kidneys with arterial and venous variations
is thought to have several disadvantages, such as prolonged warm ischemia duration; an increased incidence of acute
tubular necrosis, which can increase the risk of acute rejection episodes, prolonged hospitalization; and poorer graft
function.'' Consequently, even though kidneys with vascular variation are common in the general population, the kidney
with simple vascular anatomy (ideally one artery, one vein) is often chosen for transplantation since the technical
components of the process are usually completed without difficulties.'* !> However, there is a dearth of literature that has
assessed and reported the outcomes of transplantation of a renal allograft with a variant vasculature in Ethiopia.

In Ethiopia, the first kidney transplantation took place in 2015.* Since then, the practice of kidney transplantation in
the country has shown steady expansion and progress. Given the rising number of kidney transplantation procedures, and
the renal vascular variations that are common in the general population, renal allografts with variant vasculature are
considered for transplantation. Otherwise, a significant number of kidney donors will not be entitled to donate a kidney if
they have a variant renal vasculature; this may worsen the shortage of kidneys for transplantation. Hence, it has become
important at this point to evaluate the outcome of transplantation of a renal allograft with a variant vasculature. The
finding of the present study will advance the available information on the association between renal vascular anatomy
and its transplantation outcomes.

Patients and Methods

This is a retrospective analysis of data from a prospectively maintained database from January 2015 to December 2020 of
all patients undergoing live related renal allograft transplant at the national kidney transplantation center (NKTC),
St. Paul’s Hospital Millennium Medical College (SPHMMC), located in Addis Ababa, Ethiopia. The total number of
transplantations performed in the institution from 2015 to 2020 was 142. Of these, 22 of them had incomplete relevant
information in their medical record; hence, this study was carried out on a total of 120 recipients who underwent kidney
transplantation in the transplantation center. Donor demographic details, CT angiography findings and intraoperative
details were recorded. The side of donor nephrectomy was decided on the basis of the principle of leaving the better
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functioning kidney with the donor and choosing the kidney with the least complicated vascular anatomy. Standard
guidelines for work-up of donor and recipient were followed. In current study, renal transplantations were grouped into
two (86 recipients of kidneys with normal renal vascular allograft and 34 recipients of kidneys with grafts with complex
vascular anatomy). Recipients of renal allografts with single, hilar renal arteries and single vein were considered as
normal vascular allograft recipients; there were 86 patients in this group. Whereas recipients of renal grafts with
accessory renal artery, early branching renal artery, accessory renal veins, late confluence of renal vein, retroaortic left
renal vein, and circumaortic left renal vein were considered as variant vascular allograft recipients; there were 36 patients
in this group.

Immunosuppression Protocol

All patients operated on in the center received conventional immunosuppressive protocols consisting of a calcineurin
inhibitor (Tacrolimus), adjunctive agents (MMF), corticosteroid (prednisolone), with possible addition of antibody
induction (Simulect /Basiliximab) or ATG.

Donor and Recipient Surgery

All donor nephrectomies were left side, and all patients underwent open donor nephrectomy except the first 42 patients
who underwent hand assisted laparoscopic donor nephrectomy, due to lack of resource to sustain the laparoscopic
surgery. All recipient surgeries used the external iliac vein and external iliac artery for vascular constructions, ureter to
bladder anastomosis over a double j stent using the Lich-Gregoir technique. Kidney was implanted preferentially in the
right iliac fossa irrespective of the side of donor nephrectomy. Different combination of anastomosis was performed in
patients with complex anatomy renal grafts according to the recipient vascular anatomy and vascular anatomy of graft
kidney. In majority of cases, main renal artery with accessory or polar arteries were anastomosed to external iliac artery
in an end to side fashion or internal iliac artery in an end to end fashion.

Outcome Measures

Surgical outcome measures of renal transplantation include postoperative serum creatinine level at day 7, 1st, 6th, and
12th months, operative time, complications, length of stay (from postoperative day one to the day of discharge), 30-day
readmission rate, reoperation rate, immediate graft function (IGF), delayed graft function (DGF) and poor early graft
function (PEGF) rates. Immediate graft function (IGF) was defined as serum creatinine below 3 mg/dl when measured on
the 1st postoperative week and no need for dialysis. Delayed graft function (DGF) was defined as the need for
hemodialysis on postoperative days 1-7. Slow graft function (SGF) was defined as postoperative day 5 serum creatinine
> 3 mg/ dL without the need for hemodialysis on postoperative days 1-7. Graft loss was defined as the return to
permanent dialysis or death. Complications were classified as vascular (bleeding, hematoma, thrombosis, stenosis),
ureteral (stricture, leak), and others (lymphocele, wound dehiscence, infection). Total operative time of donors is an
operative time measured from the first incision to the last skin suture.

Statistical Analysis

The collected data were coded, cleaned, and entered into Epi-data version 4.4 and exported to SPSS version 25 for
analysis. Variables were described as frequency, percentages, mean, and standard deviation (SD). Chi-square test was
used for comparison of categorical variables whereas independent #-test was used for the comparison of continuous
variables. Graft survival was expressed using Kaplan—Meier curves and was compared using the log rank test. Statistical
significance was declared at P < 0.05. Results were presented using tables, figures, and text.

Results

Baseline Characteristics of Kidney Transplantation Recipients
Among a total of 120 recipients, 86 (71.6%) were males, with a mean age of 33.3 years (SD £11.41); 34 (28.3%) recipients
received renal allografts with renal vascular variations. Of the 34 recipients who received a kidney with variant vasculature,
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Table | Baseline Characteristics of Kidney Transplantation Recipients at NKTC, SPHMMC, 2015-2020

Recipient Characteristics All Recipients Receiving Allograft with | Recipients Receiving Allograft with | P-value
Recipients | Normal Vascular Anatomy (n=86) Variant Vascular Anatomy (n=34)
(n=120)
Sex Male 86 (71.7) 62 (72.1) 24 (27.9) 0.869
Female 34 (28.3) 24 (70.6) 10 (29.4)
Age (mean * SD) 33.26%1 1.1 32.9£10.8 34.1£11.8 0.608
BMI (mean * SD) 23.8+2.8 23.5+2.8 24.5+2.8 0.087
Relation Blood related 105 76 29 0.646
Spouse 15 10 5
Preoperative serum creatinine 124+ 1.4 12.6x1.5 12.3+1.3 0.199
(mean * SD)
Duration on hemodialysis 19.3£3 19.4+3.2 18.919.4+2.5 0.286
(months) (mean * SD)

28 (82.4%) patients received an allograft with renal arterial variation, and 6 (17.6%) patients received an allograft with renal
venous variations. With regard to age, sex, and BMI, no significant difference (P>0.05) was noted between groups of patients
who received renal allograft with anatomically variant renal vasculature and without (Table 1).

Operative Parameters and Allograft Outcomes of Recipients

Operative time and length of hospital stay were significantly longer (P<0.05) among recipients of allografts with variant
renal vasculature as compared to recipients of allografts without variant renal vasculature. Graft function measured by
serum creatinine values at postoperative week 1, first month, six months, and one year were not significantly different
(P>0.05) between recipients of allografts with variant renal vasculature and without variant renal vasculature (Figure 1).
Diuresis of the transplanted kidney on the operation table was achieved in 95% of the transplantations and did not
significantly differ (P>0.05) based on the renal vascular anatomy; that is, between groups who received allografts with
and without variant renal vasculature. Only two of the patients who received allografts without vascular variation and one
patient who received an allograft with vascular variation needed dialysis during the first postoperative week; this is nearly
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Figure | A line graph showing the mean postoperative serum creatinine level for recipients of allografts with and without vascular variations at NKTC, SPHMMC, 2021.
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Table 2 Intraoperative and Postoperative Outcome of Transplantation of Renal Allografts with and without Variant Vasculature at
NKTC, SPHMMC, 2015-2020

Variables Recipients of Renal Allograft | Recipients of Allograft Total P-value
Without Variant with Variant Renal (n=120)
Vasculature (n= 86) Vasculature (n= 34)
Operative time, min (mean * SD) 150.8+25.3 176.8+28.1 158.18+28.5 0.000%*
Estimated blood loss (mL) (mean + SD) 241.5+26.5 246.6+29.4 239.4%25.2 0.180
Immediate graft function, n (%) 79 (92.2) 30 (88.2) 109 (90.8) 0.535
Slow graft function, n (%) 5(5.8) 3(88) 8 (6.7) 0.551
Delayed graft function, n (%) 2 (2.3) 1 (2.9) 3 (25) 0.136
Day 7 postoperative Cr, mg/dl (mean * SD) 1.90+0.38 1.86+0.29 1.99+0.54 0.081
Ist month postoperative Cr, mg/dl (mean * SD) 1.38+ 0.3 1.64+0.6 1.39+0.34 0.072
6th month postoperative Cr, mg/dl (mean * SD) 1.25+0.4 1.26+0.2 1.41+0.67 0.881
| year postoperative Cr, mg/dl (mean * SD) 1.20+0.3 1.35+0.6 1.23+0.4 0.078
Diuresis after Achieved 82 (95.3) 32 (94.1) 114 (95) 0.781
reperfusion Not achieved 4(4.6) 2(59) 6 (5)
Postoperative complications 6 (6.9) 5(14.7) I (9.1) 0.186
LOS, days (mean * SD) 12.34 £ 0.9 14.35 + 3.5 12.3+2.4 0.000%
30 day re-admission, n (%) 3(3.5) 2 (5.8) 541 0.572
Re-operation, n (%) 2(2.3) 0 2 (1.6) 0.369

Note: *Shows statistically significant.

a similar rate between groups. Although not significant (P>0.05), postoperative complications were more frequently
reported in patients who received grafts with variant renal vascular anatomy than without. Re-admission and re-operation
rates were similar between the groups (Table 2).

Graft Survival

Postoperative graft survival was analyzed at 1 week, 1 month, 6 months and 1 year (Figure 2). The 1-year graft survival
for 86 patients who received grafts without vascular variations was 95.4%, and that for the 34 patients who received
grafts with vascular variations was 91.2%. The results showed that the variation of renal vascular anatomy is not
a determinant of graft survival (P=0.378) (Figure 2).

Discussion

During the time of organ harvest, it is crucial for the kidney procurement team to consider significant vascular anatomical
variations. Grafts with anatomic variations, such as double ureters and multiple renal vessels, present a challenge to transplant
surgeons in both living and deceased donor transplants because these vessels are smaller in diameter and anastomosing them is

17221 resulting in longer warm ischemia time and a higher incidence of delayed graft function.

difficult and time consuming,
According to a systematic review and meta-analysis,’ the mean warm ischemia time and rewarming time were longer in the
multiple renal artery groups than in the single renal artery group, and there was a higher incidence of delayed graft function. It
appears obvious that performing multiple vascular anastomoses takes more time, which is likely to increase the rewarming
time. Computed tomography angiography is an effective method for evaluating the renovascular morphology of the donor.*°
The purpose of this study was to evaluate the outcomes of transplantation of renal allografts with variant renal vasculature as

compared to allografts without renal vascular variation in the national kidney transplantation center of Ethiopia.
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Figure 2 Kaplan—Meier analysis of estimated graft survival based on renal vascular anatomy of the graft. (P=0.378 using the log rank test (Mantel-Cox).)

Evaluation of the renal transplant outcomes did not show a significant difference in the postoperative complication
rate, rate of delayed graft function (DGF), serum creatinine levels at 1, 6, or 12 months postoperatively, and 1-year graft
survival among recipients of allografts with and without renal vascular variations. However, operation time and the
length of hospital stay were significantly longer among recipients of allografts with variant vasculature.

In the present study, 34 (28.3%) renal transplantations were performed using renal allografts with variant vasculature. All
the renal allografts (100%) that have been used for the transplantations carried out in the center were left kidneys. The practice
of selecting left-sided grafts is not uncommon and has been reported in several studies.'®'® Furthermore, previous studies
have commented on an increased risk of early graft failure with transplanting right-sided renal allografts.'” However, most
meta-analyses today show that only 20-30% of LDNs are right-sided and there are still high-volume centers which practically
do not perform RLDNGs at all.>! In contrast, some centers have used a large number of right-sided renal allografts and reported
no significant difference in graft function.”” The preference of left-sided renal allografts is often due to the longer left renal
vein, which makes vascular anastomosis technically easier and has also been shown to decrease operating time.*?

Postoperative serum creatinine level is an important measure of the outcome of renal transplantation. The present
study has shown that the postoperative serum creatinine level values recorded at postoperative week 1, first month, sixth
months, and one year were not significantly different between recipients of allografts with and without variant renal
vasculature. This finding supports the reports of Ashraf et al and Basaran et al, who also declared no significant
difference in the serum creatinine values at one, two, or five years between recipients of allografts with and without
renal vascular variations.'”*

A comparatively higher postoperative complication rate was registered (14.7%) among recipients of allografts with
variant renal vasculature; however, the difference was statistically insignificant compared to recipients of allografts
without variant renal vasculature (6.9%). Similar to this finding, a study by Hsu et al also did not see a difference in
intraoperative and postoperative complication rates in a series comparing 277 allografts with normal vascular anatomy
and 76 with variant vasculature.”* However, Carter et al found a small increase in ureteral complications among
recipients with vascular variant graft.*>

Diuresis of the transplanted kidney on the operation table is another important parameter of successful renal
transplantation. In the current study, 95% of the transplanted allografts could have produced urine immediately after
reperfusion. There was no significant difference noted between the groups on the rate of diuresis after reperfusion. In
line with this finding, Lafranca et al reported no significant differences in the occurrence of diuresis of the transplanted
kidney on the operation table (P=0.735).2° Moreover, a study by Asuri Krishina et al showed that the mean urine
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output postoperative day 1 and postoperative day 7 was not significantly different between recipients of complex
vascular allografts and simple vascular allografts.?” Similarly, Kok et al reported that urine production within one hour
of reperfusion was 91% for single artery allograft recipients and 92% for multiple artery allograft recipients
(P=0.639).%

In the present study, operation time and the length of hospital stay were significantly longer among recipients of renal
allografts with variant vasculature. In contrast to this finding, several other studies have reported that operation time and
length of hospital stay were shorter and not significantly different among recipients of allografts with and without
vascular variation.'®**?® The longer operation time reported in this study may be due to the open approach of the donor
nephrectomy procedure employed in the transplantation center as this procedure is performed simultaneously with the
transplantation surgery. Open donor nephrectomy takes a longer operation time as compared to laparoscopic
nephrectomy.'® Despite a statistically significant difference noted in the operation time and length of hospital stay, the
clinical impact of these parameters is limited.'® Estimated blood loss, 30-day readmission, and reoperation rates were not
significantly different with the renal vascular variations of the renal allograft, and this finding is supported by many other
authors. 2%

The 1-year graft survival rate was nearly unaffected by the renal vascular anatomy in this study and was greater than
90% in both groups. The grafts without vascular variations had better graft survival at different points of measurement,
but the difference was not statistically significant (P=0.378). This finding is consistent with graft survival rates reported
in various previous studies. The study by Hsu et al analyzed 76 recipients of variant vascular grafts and reported a 1-year
graft survival rate of 93.4%.?* Similarly, Desai et al retrospectively reviewed 27 recipients of renal allograft with multiple
renal arteries and reported an overall graft survival rate of 92.6%.%

Limitations of the Study

This study might have information bias intrinsic to the retrospective design. In addition, though the study included all the
cases from the period of the commencement of the first renal transplantations in Ethiopia from September 2015 to
August 2020 in the center, there were still less cases.

Conclusion

Transplantation of renal allografts with and without renal vascular variations has comparable outcomes as those in the
present study. Although operation time and length of hospital stay were significantly different between the groups, their
clinical relevance is minimal. Hence, renal allografts with vascular variations are safe to be recruited for transplantation,
and the entitlement of such allografts will increase the availability of kidneys for renal transplantations.
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