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A 2-mm Cutoff Value Is Reasonable and Feasible for Vascular
Reconstruction in a Kidney Allograft With Multiple Arteries

Daiki lwami*, Kiyohiko Hotta, Hajime Sasaki, Takayuki Hirose, Haruka Higuchi, Yusuke Takada,
Naoya Iwahara, and Nobuo Shinohara

Department

of Renal and Genitourinary Surgery, Graduate School of Medicine, Hokkaido University, Sapporo, Japan

ABSTRACT

Background. Multiple renal arteries are found in approximately 20% of living donor
kidneys. We have been using an accessory artery cutoff diameter of 2 mm on preoperative
computed tomography angiography to determine whether to sacrifice or reconstruct the
artery. In this study, we assessed the validity and feasibility of this cutoff value.

Methods. Living related kidney recipients from 2005 to 2013 were enrolled in this
retrospective study. The diameter of the accessory artery and adverse events were evalu-
ated. The lost parenchymal volume (%) due to vascular obstruction or branch ligation was
calculated by computed tomography volumetry.

Results. Among 128 kidney transplants, 30 donor kidneys had multiple arteries. Acces-
sory arteries were reconstructed in 18 cases and intentionally ligated in 12 cases (mean
diameter of accessory arteries, 3.10 [SD, 0.75] mm and 1.81 [SD, 0.28] mm, respectively).
The mean estimated glomerular filtration rate at 1 or 12 months after transplant was not
significantly different between the groups. Among reconstructed cases, 14 cases (77.8%)
had good patency in the reconstructed arteries whereas the other 4 had vascular compli-
cations. The percentage of lost parenchymal volume due to ligation or occlusion of the
reconstructed artery (calculated in 16 cases) was predictable with the following formula:
lost volume (%) = 9.09 x diameter (mm) — 10.5 (P=.03, r,~=0.533 by Spearman rank
correlation coefficient). This formula indicated that ligation of a 2-mm accessory artery
leads to 7.68% loss of the renal parenchyma.

Conclusions. Reconstruction using a cutoff diameter of 2 mm is worth attempting in
terms of the success rate and graft function. Sacrifice of a 2-mm accessory artery leads to

parenchymal loss of <8%.

ULTIPLE renal arteries are found in approximately

20% of living donor kidneys [1-5]. Preoperative
computed tomography (CT) angiography with improved
resolution enables detection of thin accessory arteries in
living donor kidneys, resulting in better recognition of the
vascular anatomy and a safer donor operation. However,
the optimal thickness of the accessory arteries used for
reconstruction to preserve maximal graft function remains
controversial. Several factors must be considered. Although
simple transection can lead to loss of a substantial amount
of renal parenchyma (ie, renal function) perfused by the
branch, a longer ischemia time for vascular reconstruction
may cause acute kidney injury requiring dialysis and
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consequent adverse events, such as allograft rejection and
graft loss. Additionally, satisfactory patency after vascular
reconstruction may be difficult to achieve when using
thinner arteries. Thus, it is important to establish a cutoff
diameter that determines whether to transect or preserve
each accessory artery in a kidney allograft with multiple
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arteries. Several reports empirically have used a 2-mm
cutoff value for vascular reconstruction or ligation of ac-
cessary arteries [6-8]. Similarly, in our institution, accessory
arteries of >2 mm on preoperative CT angiography should
be preserved, and accessory arteries of <2 mm can be
transected unless the branches feed the lower pole of the
kidney or the ureter. In the present study, we evaluated the
success rate of revascularization according to the thickness
of the accessory arteries and the relationship between the
thickness and perfused kidney parenchyma to determine the
optimal cutoff value for preservation of thinner branches in
terms of validity and feasibility.

STUDY DESIGN AND PATIENTS

Kidney transplant recipients with multiple renal arteries who
received kidneys from living related donors from 2005 to 2013 were
included in this retrospective study. Recipients younger than 15
years at the time of transplant were excluded. Patients who did not
undergo enhanced CT evaluation within 3 months after kidney
transplant were also excluded. The study was conducted with the
approval of the Institutional Review Board.

The patients were divided into 2 groups: those who underwent
vascular reconstruction and those who underwent transection of
their accessory arteries. For kidney allografts with 3 arteries, the
thinnest accessory artery was defined as the accessory artery. In
patients who underwent reconstruction, the success rate of vascular
reconstruction (patency of the reconstructed arteries) and adverse
events of vascular reconstruction in association with the diameter of
the accessory arteries were compared according to the reconstruc-
tion procedures. Kidney allograft function at 1 and 12 months after
transplant (estimated glomerular filtration rate [eGFR]) was
compared between the groups.

In another analysis of patients whose accessory arteries were
intentionally sacrificed or obstructed despite vascular reconstruction,
the lost parenchymal volume (mm®) was determined by CT volumetry
(Ziostation 2; Ziosoft Inc, Tokyo, Japan), and the percentage of the
lost total kidney graft volume was calculated (n = 16). The rela-
tionship between the diameter of the accessory arteries on pre-
transplant CT angiography and the volume (mm?) and percentage of
the lost parenchyma of the transplanted kidney detected on post-
transplant CT were calculated with Spearman rank correlation
coefficient.

All statistical analyses were performed with GraphPad Prism ver.
6.0 (GraphPad Software Inc, La Jolla, Calif, United States) or JMP
Pro 12 (SAS Institute Inc, Cary, NC, United States).

RESULTS
Success Rate of Vascular Reconstruction in Accessory
Arteries

Thirty of 128 donors who underwent surgery during the study
period had multiple renal arteries on the donated side. The
recipients’ and donors’ characteristics are shown in Table 1.
The recipients’ and donors’ mean age at transplant was 40.3
(SD, 15.6) years and 58.7 (SD, 9.3) years, respectively. The
mean pretransplant dialysis period was 2.6 (SD, 3.1) years,
including 9 cases of pre-emptive kidney transplant. Eight
patients had an immunologically high risk (6 were ABO-
incompatible and 2 were undergoing their second kidney
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Table 1. Patient Demographics

Donor Recipient
Age at transplant, 58.7 (9.3) 40.3 (15.6)
mean (SD), y
Sex, male:female, No. 12:18 16:14

Pretransplant dialysis period,
mean (SD), y
Immunologic high risk, No.

2.6 (3.1) (9 cases of
pre-emptive)
ABO-incompatible 6 cases
2nd transplant with DSA 2
cases
R 3:L 27
2 arteries in 27 cases and 3
arteries in 3 cases

Laterality of donated kidney
Arteries, No.

Abbreviations: DSA, donor-specific antibody; L, left; R, right.

transplant with preformed antidonor-HLA antibody). The
donated kidney side was the right in 3 patients and the left in
27 patients. Twenty-seven kidneys had 2 arteries, and 3 kid-
neys had 3 arteries.

In the vascular reconstruction group (n = 18), 14 patients
(77.8%) had satisfactory patency in the reconstructed artery
as confirmed by post-transplant CT angiography. The other
4 patients (22.2%) had complications requiring radiologic
intervention (obstruction of reconstructed branches, n = 3;
anastomotic stenosis, n = 1); their reconstructive proced-
ures were hypogastric arterial grafting (n = 2), conjoined
reconstruction (n = 1), and end-to-side anastomosis to the
main trunk (n = 1). No hemorrhagic complications
occurred. There was no significant relationship between the
diameter of the accessory arteries and the success rate of
vascular reconstruction (Table 2).

The diameter of the accessory artery was significantly
greater in the reconstruction group (3.10 [SD, 0.75] mm)
than in the transection group (1.81 [SD, 0.28] mm), re-
flected from our cutoff value for vascular reconstruction
(P < .05, unpaired ¢ test). The warm ischemia time was not
significantly different between the reconstruction and tran-
section groups (5.5 [SD, 2.4] minutes and 4.9 [SD, 1.7] mi-
nutes, respectively) (Table 2). However, the total ischemia
time was significantly longer in the reconstruction group
than the transection group (166 [SD, 62] minutes and 106
[SD, 32] minutes, respectively; P < .05, unpaired ¢ test)
because of the additional time required for vascular
reconstruction (Table 2).

Kidney allograft function was compared between the
reconstruction and transection groups. There was no sig-
nificant difference in eGFR between the reconstruction and
transection groups at either 1 or 12 months after transplant
(53.7 [SD, 22.4] mL/min/1.73 m? and 52.4 [SD, 20.5] mL/
min/1.73 m?, respectively, at 1 month and 52.4 [SD, 20.5]
mL/min/1.73 m? and 51.5 [SD, 13.0] mL/min/1.73 m>
respectively, at 12 months; unpaired ¢ test). The patients
were divided into 3 groups: reconstruction with good
patency (47.9 [SD, 16.5] mL/min/1.73 m* and 49.8 [SD, 17.7]
mL/min/1.73 m? at 1 and 12 months, respectively), recon-
struction complicated by obstruction or stenosis (74.0 [SD,
30.8] mL/min/1.73 m* and 64.6 [SD, 22.0] mL/min/1.73 m*
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Table 2. Management of Renal Accessary Artery and Graft Outcome
Reconstruction (n = 18)
Patent (n = 14) Stenotic/Obstructive (n = 4) Transection (n = 12) P Value
Diameter of the accessory artery, (SD), mm 3.21 (0.75) 3.27 (1.10) 1.82 (0.28) NS*
3.10 (1.75) <.05"
Warm ischemia time, (SD), min 5.5 (2.4) 4.9 (1.7) NS'
Total ischemia time, mean (SD), min 166 (62) 106 (32) <.05"
eGFR at 1 month, mean (SD), mL/min/1.73m? 53.7 (22.4) 52.4 (20.5) NST
47.9 (16.5) 74.0 (30.8) NS*
eGFR at 1 year, mean (SD), mL/min/1.73m? 52.5 (20.5) 51.5 (13.0) NST
49.8 (17.7) 64.6 (22.0) NS*

Abbreviations: eGFR, estimated glomerular filtration rate; NS, not significant.
*Unpaired t test.
TKruskal-Wallis test.

at 1 and 12 months, respectively), and transection (52.4 [SD,
20.5] mL/min/1.73 m? and 51.5 [SD, 13.0] mL/min/1.73 m?
at 1 and 12 months, respectively). There was no significant
difference among the 3 groups at either 1 or 12 months
(Kruskal-Wallis test). In terms of adverse events associated
with vascular reconstruction, 1 patient in the reconstruction
group developed acute tubular necrosis requiring temporary
hemodialysis.

RELATIONSHIP BETWEEN DIAMETER OF ACCESSORY
ARTERIES AND LOST PARENCHYMAL VOLUME

Next, we sought to determine the relationship between the
diameter of the accessory arteries that were intentionally
transected or obstructed despite vascular reconstruction.
Among cases in which the accessory arteries were inten-
tionally transected (n = 12) or compromised despite
vascular reconstruction (n = 4), the relationship between
the lost parenchyma in terms of volume and percentage was
evaluated. The lost parenchymal percentage was estimated
with the following formula: volume (%) = 9.09 x diameter
(mm) — 10.50 (by Spearman rank correlation coefficient,
P=.03, r;=0.533) (Fig 1). Based on this formula, the lost
parenchyma due to intentional ligation of the accessory
artery was 7.68% of the total volume.

DISCUSSION

In the present study, the success rate of vascular reconstruction
was around 80%, and there was no relationship between the
diameter of the branch and success rate. These findings indi-
cate that a cutoff value of 2 mm does not result in technically
difficult revascularization. We also showed that intentional
transection of a 2-mm accessory artery led to parenchymal loss
of 8%. There was no significant difference in kidney allograft
function between the 2 groups (vascular reconstruction and
transection of the accessory artery) at either 1 or 12 months
after transplant. Many authors have reported the success rate
of vascular reconstruction [9,10]. In most reports, however, the
success rate was evaluated by renal function (eGFR, creatinine
clearance rate, and serum creatinine level) and by the occur-
rence of vascular complications requiring radiologic and

surgical interventions, implicating that occlusion of such thin
branches can be overlooked without precise imaging evalua-
tion. Furthermore, in several reports, because the patency was
determined with operative findings immediately after reper-
fusion, the success rate may have been overestimated unless
CT was performed after transplant [8]. Therefore, the surgeon
should consider that a substantial volume of parenchyma
perfused by a compromised branch is lost even if the eGFR
does not seem to change. Because the cortical volume ratio of
the bilateral kidneys calculated by CT volumetry reflects the
functional ratio of the bilateral kidneys [ 11], the functional loss
ratio of the kidney allograft can be calculated by the volume
ratio of the hypoperfused or occluded cortical parenchyma in
the total cortical volume of the kidney allograft. Renal scin-
tigraphy and ultrasonography can also detect functional de-
fects in the kidney allograft; however, they are inferior to CT
volumetry with respect to quantitative analysis.

The results of the present study indicate that tailor-made
treatment can be proposed for individual patients. The
thickness of the accessory artery did not affect the success
rate of vascular reconstruction when the branch was thicker
than 2 mm. Thus, a 2-mm diameter is technically acceptable
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Fig 1. Relationship between thickness of the accessory artery
and its perfused parenchymal volume ratio calculated by
computed tomography volumetry.
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for reconstruction. Reconstruction of arterial branches
thinner than 2 mm may also be worthwhile in cases of mar-
ginal graft function or donor-recipient body size discrepancy.
Moreover, accessory arteries can be transected in recipients
of advanced age to avoid a longer operative time and longer
ischemia time and thus reduce the risk of subsequent acute
tubular necrosis requiring temporary hemodialysis. In
contrast, thinner branches might need to be preserved to
obtain maximal allograft function in pediatric recipients in
whom a very long-term prognosis is required and in cases of a
large donor-recipient body size discrepancy.

The main limitation of this study is its retrospective
design and small number of patients, which led to weak
statistical power. However, our cases covered a wide range
of vascular thickness of the arterial branches, allowing
estimation of the relationship between the arterial thickness
and the perfused parenchymal volume. In addition, the lost
volume can be calculated only in biasedly selected patients
whose accessory artery was ligated or obstructed despite an
attempt to reconstruct. Precise evaluation of the relation-
ship between the diameter of an accessory artery and its
perfused volume is difficult without CT volumetry. As long
as we searched, there is no study evaluating thickness of
branch and its perfused volume with CT volumetry. Based
on the formula shown above, ligation of a 2-mm accessory
artery is estimated to cause 8% loss of total kidney function.

In conclusion, our study demonstrated that reconstruction
of arteries with a cutoff diameter of 2 mm is worth attempting
regarding success rate and graft function. Sacrifice of a 2-mm
accessory artery leads to parenchymal loss of <8%.
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