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Introduction

Renal artery aneurysms (RAA) are rare, with an incidence of
0.1%.'* Their clinico-pathological features and anatomical
classification is outlined in Table 1. RAAs are typically unilat-
eral, solitary, saccular, and right-sided, measuring on average
1.3-3.8 cm.>* In up to 30% of cases, multiple aneurysms
are found and 10-20% present bilaterally.>* Controversy
over the criteria for selecting endovascular vs. open repair
persists, with ex-vivo resection and renal autotransplantation
being described for complex distal RAAs in case reports.**

Fibromuscular dysplasia (FMD) is a non-inflammatory,
non-atherosclerotic disease affecting arterial walls causing
stenosis, or aneurysmal degeneration.® Renal artery involve-
ment is most common, and 5-10% of patients with FMD
present with RAAs.°

We present our multidisciplinary approach to a 21-year-
old male presenting with multiple complex distal RAAs in
a solitary kidney with FMD requiring ex-vivo aneurysm
resection, autotransplantation, and an aorto-renal bypass.
The case described here is particularly unique, given the
patient’s young age and solitary kidney, the loss of which
would have resulted in lifelong hemodialysis. Additionally,
this patient was previously presented in the literature by
Smart et al (2010) after collapsing during hockey practice
with a ruptured left renal artery aneurysm that necessitated
a nephrectomy.” Magnetic resonance arteriography (MRA)
following nephrectomy did not demonstrate any evidence
of contralateral aneurysm formation.”

Case report

A 21-year-old male with a history of left nephrecxtomy sec-
ondary to a ruptured RAA at age 10 presented with atrau-
matic right flank pain. Cross-sectional imaging demonstrated
three complex distal RAAs, the largest measuring 5.6 x 4.4
X 3.6 cm with the smaller aneurysms measuring 1.4 x 1.6
cm and 2.5 x 2.2 c¢m, respectively.

A preoperative MRA (Fig. 1) demonstrated a complex
cluster of hilar aneurysms and smaller aneurysms involving
posterior branches of the IIA and profunda femoris bilat-
erally. A computed tomography arteriogram (CTA) arch to
vertex was negative for aneurysm.

A renal arteriogram (Fig. 1) demonstrated a proximal
superior and inferior branch arising from the right main
renal artery, with all three aneurysms originating from the
superior branch. DynaCT revealed the majority of the renal
parenchyma was supplied by this superior branch. Given
multiple aneurysms, there was concern for a connective
tissue disorder or FMD.

In view of aneurysm size, complexity, and a solitary kid-
ney, an interdisciplinary approach with vascular surgery was
chosen due to the risk of rupture and potential implication
for lifelong renal replacement therapy. A decision was made
to proceed with ex-vivo aneurysm resection, autotransplan-
tation, and a concomitant aortorenal bypass to replace the
diseased renal artery and prevent future aneurysmal degen-
eration. The patient’s preoperative creatinine was 93 pmol/L.

Via a midline laparotomy, the right hemicolon was mobi-
lized medially and duodenum kocherized in order to expose
the right kidney, inferior vena cava (IVC), and perirenal aorta.
The right main renal artery was isolated, double-ligated, and
divided, followed by the right renal vein. A small renal vein
stump was left on the IVC to facilitate re-anastomosis. Once
complete, the kidney, with the ureter still attached, was
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Table 1. Pathology of renal artery aneurysms

Incidence & natural
history

- 4" most common visceral aneurysm
- Imaging rate: 0.3-2.5%3

- Autopsy rate: 0.05-0.1%"2

- Rate of rupture: 3-5%2

- Rate of mortality post rupture: 80%"?
- Growth rate: 0.06-0.6 mm/year®"?

- Age >60

- Female gender

- Congenital malformations

- Pregnancy

- Fibromuscular dysplasia

- Atherosclerosis

- Trauma

- Smoking

- Infection

- Asymptomatic (up to 23%)*

- Hypertension

- Abdominal or flank pain

- Hematuria (typically microscopic)

Risk factors?

Clinical presentation

Anatomical
classification™

- Type 1: Saccular aneurysms arising
from main renal artery or segmental
branch

- Type 2: Fusiform aneurysms

- Type 3: Intralobar aneurysms

- Typically unilateral, saccular, solitary
and right sided

- Average size: 1.3-3.8cm3#

- 10-20% bilateral®*

Aneurysm morphology

explanted (Fig. 2). It was subsequently placed in cold saline
(4°C) for cooling and flushed with University of Wisconsin
(UW) preservative solution. The aneurysms were examined,
revealing three outflow vessels off the largest aneurysm and
two off the smaller ones. These were then excised and sent
to histopathology. Histological examination of the resected
aneurysms and artery showed marked intimal thickening
and mural fibrosis, with obliteration of the tunica media
consistent with medial type FMD.

Great saphenous vein (GSV) was harvested and used as
conduit for revascularizing the kidney with a distal aortorenal
bypass (Fig. 3). Three short segments of GSV were used to
reconstruct the outflows from the resected aneurysms. These
three segments were spliced to create a common orifice, and
the upper and lower pole arteries were joined creating a five-
fold outflow vessel. This was spliced and anastomosed end-
to-end with reversed GSV to the aorta for bypass. In total, five
branches were reconstructed, including one upper pole, one
lower pole, and three renal aneurysm branches. The renal vein
was then re-anastomosed to the IVC using 4-0 prolene in a
continuous running fashion. After releasing all clamps, the kid-
ney appeared well-perfused with urine output in 20 minutes.
There were no intraoperative complications. The total clamp
time to the kidney was three hours and ten minutes. Creatinine
immediately postoperatively increased to 144 pmol/L, but
returned to baseline at the time of discharge a week later.

A three-month followup ultrasound demonstrated excel-
lent arterial hemodynamics, with no renal abnormalities.
The patient remained normotensive, with renal function
at baseline.

Discussion

remain debated. Endovascular approaches are increasingly
applied with proximal aneurysms, but open resection is often
required for distal RAAs. Currently accepted indications for
RAA intervention include size >2 cm, females of childbearing
age, symptomatic aneurysms (including rupture), hematuria,
and refractory hypertension.'* Open resection and recon-
struction options include aneurysmectomy with primary
repair or patch angioplasty, interposition grafting, bypass,
or ex-vivo resection with autotransplantation, as described
in case reports.’? Indications for ex-vivo resection include
ruptured RAAs and patients with complex distal RAAs with
the need for suturing adjacent to the renal parenchyma. To

Fig. 1. Preoperative magnetic resonance arteriography 3D reconstruction.
(A) Diagnostic renal arteriogram. (B) Stills demonstrating three complex distal
renal artery aneurysms (arrows) within the solitary kidney.
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Fig. 2. (A) Renal explant with ureter attached (arrow) in preparation for ex-vivo
aneurysm resection. (B) Ex-vivo aneurysm resection of a 5.6 x 4.4 x 3.6 ¢m hilar
aneurym (arrow indicating residual aneurysm cavity).

protect against ischemia in such cases, topical cooling and
perfusion of the kidney with a preservative solution has been
shown to be beneficial .?

With endovascular advances, covered stenting is used to
exclude main renal artery aneurysms, with aneurysm coil-
ing and embolization reserved for distal and parenchymal
aneurysms.'3 Historically, patients with complex distal RAAs
underwent nephrectomy,® however, given this patient’s young
age and solitary kidney, this would have implied lifelong renal
replacement therapy. Endovascular coil embolization was
not feasible either, given the risk of occluding the superior
branch that was shown on DynaCT as perfusing the majority
of this patient’s solitary kidney. Such complex aneurysms have
been treated with ex-vivo resection with safety and durabil-
ity, as described in case reports, even in solitary kidneys.**
Accordingly, we elected to proceed with a multidisciplinary
approach to treat the diseased artery and its aneurysms.

We chose to resect the entire main renal artery and pro-

Case: Renal artery aneurysms

I .
Fig. 3. (A) Autologous great saphenous vein (GSV) used to reconstruct
three outflow vessels (arrow) post-aneurysm resection. (B) Outflow vessels
anastomosed together proximally (arrow) to create a single orifice as a distal
bypass target. (C)Reversed GSV used as conduit for aortorenal bypass,
anastomosed to the reconstructed outflow trifurcation (arrow).

ceed with an adjunctive aortorenal bypass to prevent future
aneurysmal degeneration in the presumed diseased artery.
Reconstructing distal segmental branches post-aneurysm
resection remained time-consuming, but preservation of the
solitary kidney was critical in this patient. Aortorenal bypass
has been described as a potential technique in treating main
renal artery aneurysms, however, never in conjunction with
ex-vivo aneurysm resection.

Larger case series have examined the short- and long-term
results and durability of ex-vivo resection and autotransplan-
tation. For example, Morin et al described a series of nine
patients with solitary kidneys undergoing ex-vivo resection
and found no detrimental effect on renal function at 90
months followup.® More recently, Laser et al described their
series of 14 hilar RAAs managed by ex-vivo resection, report-
ing no perioperative mortality, stable renal function, and
vascular patency at 19 months followup.'® The largest series
of ex-vivo aneurysm resection and autotransplantation evalu-
ated 67 procedures with a nine-year follow-up reporting no
perioperative mortality, freedom from hypertension in 43%
of patients, and a patency of 88% after nine years.""They
concluded that ex-vivo aneurysm resection eliminates the
risk of aneurysm rupture, treats hypertension, preserves renal
function, and confers long-term vascular patency."” However,
to the best of our knowledge, there are no published cases or
long-term results involving a complex distal RAA in a solitary
kidney with FMD that was treated with ex-vivo aneurysm
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Learning points

— RAAs are typically unilateral, saccular, solitary
and favor the right side, measuring on average
1.3-3.8 cm

— Indications for intervention include size >2 cm,
females within childbearing age, symptomatic
aneurysms including rupture, and refractory
hypertension

— Indications for ex-vivo resection and autotrans-
plantation may include ruptured RAAs and
patients with complex distal RAA

— The unpredictable complexity of hilar RAAs may
result in some lesions necessitating a partial or
complete nephrectomy

resection, autotransplantation, and an aortorenal bypass to
reconstruct the diseased renal artery.

Conclusion

bypass is a safe and feasible procedure for treating complex
distal RAAs. The long-term data on this technique with soli-
tary kidneys remains isolated to a few case reports. Further
laboratory examination and imaging are necessary for evalu-
ating the optimal followup duration, given this patient’s pre-
vious aneurysm history, the impact of ex-vivo ischemia, and
the durability of this hybrid urology and vascular approach to
treating complex distal RAAs and the diseased renal artery.
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