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Endovascular Aneurysm Repair for a Patient with
Horseshoe Kidney and the Importance of
Watershed Sign and Volumetry by Preoperative
Contrast-Enhanced Computed Tomography
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We report a case of endovascular aneurysm repair (EVAR)
in a patient with horseshoe kidney (HSK) in whom preop-
erative contrast-enhanced (CE) computed tomography (CT)
showed watershed sign. This sign enabled prediction of
postoperative renal function by accurate renal volumetry. A
75-year-old man with HSK and a 59-mm abdominal aortic
aneurysm was referred for treatment. Preoperative CECT
showed watershed lines at the margin of the isthmus, which
was perfused by the accessory renal arteries. Using this sign,
we calculated the accurate volume of the isthmus, which
was 24.5% of the total parenchyma. EVAR was safely per-
formed without renal dysfunction.
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Introduction

Horseshoe kidney (HSK) is an uncommon congenital
anomaly of renal development and is thought to occur
in only 0.12% of all cases of abdominal aortic aneurysm
(AAA).Y) Open AAA repair by graft replacement for pa-
tients with HSK is difficult and requires multiple strategies
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for dealing with the isthmus and multiple arterial and
venous anatomical anomalies.? Endovascular aneurysm
repair (EVAR) has become the recognized standard and
safe method of treating AAA. Stroosma et al. concluded
that EVAR is preferable to open surgery in patients with
HSK if the anatomy is suitable.2) However, covering ac-
cessory renal arteries (ARAs) while performing EVAR
may cause complications, such as renal dysfunction.3) We
report a case of EVAR for a patient with HSK in whom
preoperative contrast-enhanced (CE) computed tomogra-
phy (CT) showed the interesting sign of watershed lines.
This finding enabled the prediction of postoperative renal
function by renal volumetry.

Case Report

A 75-year-old man with HSK was referred for treatment
of a 59-mm infrarenal AAA. He had a medical history
of hypertension, colon polyps, and chronic cholecystitis.
Laboratory data showed that his renal function was nor-
mal (creatinine level: 0.65mg/dL, estimated glomerular
filtration rate: 87mL/min/1.73 m?). Preoperative CECT
showed an infrarenal AAA diameter of 59 mm and HSK.
The HSK had two normally positioned main renal arter-
ies on both sides of the kidney and two ARAs on the
isthmus from the aortic aneurysm (1.9 mm in diameter)
and the left common iliac artery (1.2mm in diameter)
(Fig. 1a). The patient’s anatomy was suitable for EVAR.
Open repair of AAA in patients with HSK is associated
with significant procedural risks because of the challenges
posed by adequate exposure of the aneurysm and renal
vasculature.?) Because of additional considerations of the
patient’s age and frailty, we decided that his AAA with
HSK should be treated by EVAR. Preoperative CECT also
showed clear watershed lines at the margin of the isthmus,
which was perfused by the ARAs (Fig. 1b). ARAs that sup-
ply up to 32% of the total parenchyma can be occluded
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1.2 mm ARA

EVAR for HSK with Watershed Sign and Volumetry

Fig. 1

Preoperative contrast-enhanced computed tomography and volumetry of the isthmus.

(a) Preoperative three-dimensional reconstruction shows an infrarenal abdominal
aortic aneurysm with accessory renal arteries originating from the aortic aneurysm
and left common iliac artery. The deep blue area is the isthmus, which is between wa-
tershed lines, and it is supplied by accessory renal arteries. RAs: renal arteries; ARA:
accessory renal artery. (b) Preoperative contrast-enhanced computed tomography
shows clear watershed lines (arrows) at the margin of the isthmus. The calculated
volume of the isthmus was 24.5% (94.15cm?) of the total parenchyma (384.87 cm3).

in patients with normal renal function.’) In our patient,
the calculated volume of the isthmus using CECT was
24.5% (94.15cm?) of the total parenchyma (384.87 cm3)
(Fig. 1). This finding indicated that occlusion of the ARAs
by EVAR would not affect postoperative renal func-
tion. Because of accurate preoperative renal volumetry,
there was no need to perform selective angiography of
the ARAs to measure the volume of the isthmus. Endo-
vascular exclusion of the aneurysm was performed by
implanting a bifurcated Excluder endograft with an aortic
extender and an iliac extension (W. L. Gore, Flagstaff,
AZ,USA), which was deployed between the distal area of
the main renal arteries and the end of both common iliac
arteries. This procedure was associated with exclusion of
the ARAs (Fig. 2a). After the operation, the patient suf-
fered from mild lower abdominal pain that was induced
by infarction of the isthmus, and this pain was relieved
in 3 days. Postoperative renal function was not impaired
(creatinine level: 0.74mg/dL, estimated glomerular fil-
tration rate: 78 mL/min/1.73m?). Postoperative CECT
showed infarction of the isthmus in the same area between
the watershed lines without any type 2 endoleak (Fig.
2b). The volume of the renal infarction was almost equal
(84.18cm?) to that supplied by the ARAs preoperatively

(Fig. 2). The estimated infarction volume of the isthmus
was 24.2% of the total parenchyma (384.87cm3). The
patient’s postoperative course was uneventful, and he was
discharged home 5 days after surgery.

Discussion

HSK is an uncommon urological congenital anomaly of
renal development. HSK occurs in approximately 0.25%
of the population® and is thought to be present in only
0.12% of all cases of AAA.Y The surgical open approach
by graft replacement of AAA for patients with HSK re-
quires different strategies for ligation or reconstruction of
the ARAs and preservation or division of the isthmus.?
EVAR is a safe method of treating AAA. A previous study
using selective ARA angiography with spiral CT showed
that ARAs supplying <32% of the total parenchyma
could be occluded by an endovascular graft without
postoperative renal dysfunction.? Attention should be
paid to patients with preoperative renal failure. Fabiani
et al. reported an 81-year-old patient with previous renal
failure (creatinine level: 1.8 mg/dL) who required 3 weeks
of hemodialysis after EVAR, which occluded two ARAs to
the isthmus.’) By using selective angiography of the ARAs
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Fig. 2 Postoperative contrast-enhanced computed tomography
and ischemia of the isthmus. (a) Postoperative three-
dimensional reconstruction shows endovascular abdomi-
nal aortic aneurysm repair and ischemia of the isthmus
(brown area) by occlusion of accessory renal arteries. (b)
Postoperative contrast-enhanced computed tomography
shows infarction of the isthmus in the same area between
the watershed lines (arrow heads). The estimated infarc-
tion volume of the isthmus was 24.2% (84.18cm3) of the
total parenchyma (384.87 cm3).

with/without a CT scan, the patient’s postoperative renal
function can be predicted by calculating the volume of the
estimated area of renal isthmus infarction, which is caused
by occlusion of the ARAs. However, this angiography is
an invasive examination for patients, including the pos-
sibility of embolization and vascular injury. Additionally,
Jackson et al. found that because of the low sensitivity of
preoperative angiography for detecting ARAs, a satisfac-
tory performance of selective ARA angiography may only
be possible in less than half of the patients.®) Preoperative
CECT without selective angiography in the current case
showed clear watershed lines between the areas supplied
by the renal arteries and ARAs. This sign might have been
caused by the two following possibilities. First, there was
no vascular communication between the renal arteries
and ARAs. Second, there were different blood flow ve-

locities in the renal arteries, which were located above
the abdominal aneurysm, and in the ARAs, which were
located under the aneurysm. The watershed lines sign
shown by preoperative CECT in a patient with AAA and
HSK may enable the calculation of an accurate volume
of renal isthmus infarction induced by occlusion of the
ARAs and the estimation of a postoperative renal func-
tion, without any invasive examinations, such as selective
renal artery angiography. In our case, the patient’s renal
function was normal (estimated glomerular filtration rate:
87mL/min/1.73 m?), and the estimated renal infarction
volume was 24.2% of the total parenchyma. EVAR was
safely performed in our patient, and postoperative renal
dysfunction did not occur. The estimated postoperative
residual renal volume was 290.72cm3 (75.5%), and the
predicted postoperative estimated glomerular filtration
rate was 66mL/min/1.73m2. The actual postoperative
residual renal volume was 300.69cm3 (75.8%), which
was as expected, but the actual postoperative estimated
glomerular filtration rate was 78 mL/min/1.73 m2, which
was higher than expected. Intraoperative angiography
showed no findings suggestive of abnormal blood flow in
the ARAs, but the isthmus might have had less blood flow
than other parts of the kidney. Additionally, the isthmus
may contain connective tissue and renal parenchyma.”
Therefore, a simple proportional calculation of renal func-
tion and renal volume might not be appropriate. Further
studies are required in patients with AAA and HSK with
preoperative CECT to determine the exact mechanism of
this watershed sign. In addition, we should pay more at-
tention to preoperative CECT scans in patients with AAA
and HSK. In the future, we hope to analyze multiple imag-
ing findings of the HSK and provide data on the watershed
line and the volumetry, as well as determine the degree of
universality of renal function.

Conclusion

We report a case of EVAR for a patient with HSK, and
preoperative CECT showed the interesting sign of water-
shed lines, which enabled the calculation of the isthmus
volume. On the basis of this volumetry and the patient’s
preoperative renal function, EVAR was safely performed
without impairment of postoperative renal function.

List of Abbreviations

HSK: horseshoe kidney

AAA: abdominal aortic aneurysm
EVAR: endovascular aneurysm repair
ARA: accessory renal artery

CE: contrast-enhanced

CT: computed tomography

398

Annals of Vascular Diseases Vol. 14, No. 4 (2021)



Availability of Data and Materials

The authors declare that all data in this article are avail-
able within the article.

Acknowledgments

We thank Ellen Knapp, PhD, from Edanz Group
(https://en-author-services.edanz.com/ac) for editing a
draft of this manuscript.

Ethics Approval and Consent to Participate

Informed consent was obtained from the patient and his
family.

Consent for Publication

Written informed consent for publication of this case re-
port was obtained from the patient.

Competing Interests

The authors declare that they have no competing interests.

Funding

The authors declare that they received no financial sup-
port pertaining to this case report.

EVAR for HSK with Watershed Sign and Volumetry

Author Contributions

Study conception: KH, TS, HN

Data collection: KH

Analysis: KH

Investigation: KH

Writing: KH

Critical review and revision: all authors

Final approval of the article: all authors
Accountability for all aspects of the work: all authors

References
1) Artioukh DY, Wake PN, Edwards PR, et al. Problems of ab-

dominal aortic aneurysm associated with horseshoe kidney.
Eur J Vasc Endovasc Surg 1997; 14: 75-8.

2) Stroosma OB, Kootstra G, Schurink GWH, et al.

Management of aortic aneurysm in the presence of a horse-

shoe kidney. Br J Surg 2001; 88: 500-9.

Dorffner R, Thurnher S, Prokesch R, et al. Spiral CT during

selective accessory renal artery angiography: assessment of

vascular territory before aortic stent-grafting. Cardiovasc

Intervent Radiol 1998; 21: 179-82.

Crawford ES, Coselli JS, Safi H]J, et al. The impact of renal

fusion and ectopia on aortic surgery. ] Vasc Surg 1988; 8:

375-83.

Fabiani MA, Gonzéilez-Urquijo M, Riambau V, et al. EVAR

approach for abdominal aortic aneurysm with horseshoe

kidney: a multicenter experience. Ann Vasc Surg 2019; 58:

232-7.

6) Jackson RW, Fay DM, Wyatt MG, et al. The renal impact
of aortic stent-grafting in patients with a horseshoe kidney.
Cardiovasc Intervent Radiol 2004; 27: 632-6.

7) Taghavi K, Kirkpatrick J, Mirjalili SA. The horseshoe kidney:
surgical anatomy and embryology. J Pediatr Urol 2016; 12:
275-80.

W

*

&

Annals of Vascular Diseases Vol. 14, No. 4 (2021)

399


http://dx.doi.org/10.1016/S1078-5884(97)80230-4
http://dx.doi.org/10.1016/S1078-5884(97)80230-4
http://dx.doi.org/10.1016/S1078-5884(97)80230-4
http://dx.doi.org/10.1046/j.1365-2168.2001.01718.x
http://dx.doi.org/10.1046/j.1365-2168.2001.01718.x
http://dx.doi.org/10.1046/j.1365-2168.2001.01718.x
http://dx.doi.org/10.1007/s002709900239
http://dx.doi.org/10.1007/s002709900239
http://dx.doi.org/10.1007/s002709900239
http://dx.doi.org/10.1007/s002709900239
http://dx.doi.org/10.1016/0741-5214(88)90098-5
http://dx.doi.org/10.1016/0741-5214(88)90098-5
http://dx.doi.org/10.1016/0741-5214(88)90098-5
http://dx.doi.org/10.1016/j.avsg.2018.10.042
http://dx.doi.org/10.1016/j.avsg.2018.10.042
http://dx.doi.org/10.1016/j.avsg.2018.10.042
http://dx.doi.org/10.1016/j.avsg.2018.10.042
http://dx.doi.org/10.1007/s00270-003-0114-x
http://dx.doi.org/10.1007/s00270-003-0114-x
http://dx.doi.org/10.1007/s00270-003-0114-x
http://dx.doi.org/10.1016/j.jpurol.2016.04.033
http://dx.doi.org/10.1016/j.jpurol.2016.04.033
http://dx.doi.org/10.1016/j.jpurol.2016.04.033

