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Abstract

Introduction: Horseshoe Kidney (HSK) is an uncommon urologic anomaly, with a prevalence of 0.25%. When an Abdominal Aortic 
Aneurysm (AAA) coexists with HSK, the management becomes complex as the frequent variation of renal arteries complicates 
surgery. In this article, we present six cases of patients with abdominal aortic aneurysm coexisting with HSK who underwent open 
aortic surgery with Custudiol perfusion of renal arteries. 

Methods: Prospective, double-center study included patients submitted to AAA open repair with horseshoe kidney between 2018 
and 2022. Indications for surgery were AAA > 55 mm or rapid growth >1cm/year. Preoperative risk factors, aneurysm features, 
intraoperative details, postoperative outcomes, and follow-up data were collected. 

Results: During the study period, 850 patients were treated with AAA. Among them, 7 patients (0,8 %) with associated HSK were 
included.  In 5 patients a median laparotomy was performed and in 1 patient a retroperitoneal approach was chosen. Mean age was 
72.3. Mean intensive care unit length of stay was 1.3 days with a mean hospital length of stay of 5 days. There was no change of 
renal function, neither 30-days death nor major complications reported. On average, a 24 months follow-up did not require other 
interventions, and renal functions remained well preserved in all patients.

Conclusion: Open Surgical Repair of AAA with HSK is a feasible, effective, and safe technique at experienced centers. Custudiol 
perfusion of renal arteries in all cases can help to preserve renal function.
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Introduction

Horseshoe Kidney (HSK) is an uncommon urologic anomaly, with 
a prevalence of 0.25% [1]. A medial fusion of the kidneys anterior 
to the aorta is the main characteristic of this anomaly. When 
an abdominal aortic aneurysm (AAA) coexists with HSK, the 
surgical management becomes complex because of the variation 
of renal arteries, the type of abdominal exposure and the ligation 
or salvage of accessory renal arteries [2]. Several studies show the 
endovascular feasibility in selected cases [3]. Owing to the limited 
state of knowledge, no firm recommendations can be made. We 
present our experience in the treatment of patients with abdominal 
aortic aneurysm coexisting with HSK who underwent open aortic 
surgery with cold renal perfusion using Custudiol to prevent 
kidney injury.

Methods

A prospectively study that included patients submitted to elective 
AAA open repair with horseshoe kidney was performed between 
2018 and 2023 in two high volume centers. During the study period, 
850 patients undergoing open AAA surgical repair. Among them, 
7 patients (0,8%) had concomitant HSK. Indications for surgery 

were AAA > 55 mm or rapid growth >1cm/year. All patients were 
submitted to preoperative CTA to assess renal arteries anatomy and 
surgical revascularization strategy. Surgical approach was median 
laparotomy or retroperitoneal. To prevent kidney injury, the renal 
arteries were perfused with a histidine-tryptophan-ketoglutarate 
(HTK) solution (Custodiol; Dr. Franz-Kohler Chemie GmbH, 
Bensheim, Germany) using Pruitt-Inhara shunt or Perfusion 
catheter (Figure 1). After rapid intra-arterial administration of a 
bolus of 100 mL for each one, Custodiol was given at a perfusion 
pressure allowing administration of 10-20 ml/min up to 800 ml 
of maximum infusion volume. Operative time, blood loss, mean 
intensive care unit length and mean hospital length was recorded. 
Renal function was estimated with the serum creatinine and the 
estimated glomerular filtration rate (eGFR) calculated with the 
Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) 
equation. We evaluated in the postoperative time the renal function 
and the acute kidney injury (AKI) according to the Acute Kidney 
Injury Network (AKIN) including acute alterations in serum 
creatinine or urine output [4]. The follow up protocol included 
physical examination, complete blood count, renal panel and 
doppler US at 30-day. Doppler ultrasound was then performed at 
6 months, at 1 year, and yearly thereafter. All patients underwent 
CTA 1 year after the index procedure. Outcome measures were 
30-day, 1-year, and mean follow-up all-cause mortality, major 
complications rates including pulmonary, major adverse cardiac 
events (MACE), and renal function variation.

Figure 1: Renal Perfusion with Custudiol.
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Results

The study group consisted of 6 men and 1 female with a mean 
age of 69.6 (range 65-75). Preoperative patient’s risk factors and 
comorbidities were reported in Table 1.  Mean aneurysm size 
was 6,2 cm (range 5,5-7,0 cm). Preoperative renal function was 
normal in all patients with a mean serum creatinine of 1,05 mg/
dl (range 0,8-1,3 mg/dl) and eGFR > 90 ml/min/1.73 m2 (range 
88-94 ml/min/1.73 m2). In 6 (85 %) cases, a median laparotomy 
was performed and in 1 (14 %) case a retroperitoneal approach 
was preferred. Aorto-aortic graft interposition was performed in 5 
cases (71 %), while in the remaining 2 (28 %) a bifurcated aorto-
iliac graft was executed. In one of the bifurcated grafts, a jump 
from the right prosthetic branch to right common femoral artery 
was necessary due to a preoperative occlusion of external iliac 
artery (Figure 4). The accessory renal arteries were replanted on 
the prosthesis in a single aortic patch in 6 (85 %) cases (Figure 
2) and in 1 case, by the retroperitoneal approach, a bypass for 
the isthmus renal arteries and the principal left renal artery were 
performed (Figure 3). In 1 case we perfomed a longitudinal 
dissection of renal isthmus. Mean intensive care unit length of stay 
was 1.5 days (range 1-2 days) with a mean hospital length of stay 
of 5 days (range 4-8 days). In 6 (85 %) cases there was no change 
of renal functions, only in 1 (14%) patient the serum creatinine 
level reached 2 mg/dl post operatively with recovering creatinine 

levels after 7 days (Table 2). No AKI was reported. Neither 30-
days death nor major complications or major adverse cardiac 
events (MACE) were described. At mean follow-up of 24 months 
(range 18-27 months) no reinterventions were required, and renal 
function remained well preserved in all patients.

  N=7

Male 6 (85%)

Female 1 (14%)

Smokers 4 (57%)

Hypertension 7 (100%)

Diabetes 3 (42%)

Dyslipidemia 5 (71%)

COPD 0 (0%)

Chronic Renal Failure 0 (0%)

Coronary artery disease 1 (14%)

Asa Score Pt 1 (II); Pt 2 (I); Pt 3 (III); Pt 4 (I); 
Pt 5 (II); Pt 6 (II). Pt 7 (II).

Table 1: Risk Factors and Comorbidities.

Table 2: Renal Function.
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Figure 2: Renal Arteries Reimplantation.

Figure 3: Retroperitoneal Approch.

Figure 4: Intraoperative result. Aorto - ipogastric by pass with left 
prostetic femoral jump.

Discussion

Owing to the limited state of knowledge, no firm recommendations 
can be made for the treatment of AAA with HSK. The surgeon 
should choose open or endovascular methods based on patient 
factors as well as according to personal preference and expertise. 
The association between HSK and AAA was first described in 1956 
by Julian [5] and in 1957 Phelan et al. [6]. O hara et al. reported 
the largest series (19 patients) of patients presenting concomitant 
HSK and AAA, treated with an open approach in 31-year period 
[2]. Ferko et al in 1997 reported the first AAA in a HSK treated 
with EVAR [7]. There are several classifications to depict the 
different vascular varieties encountered in patients with HSK, such 
as those provided by Crawford [8], Papin [9], Boatman [10], and 
Eisendrath. The most used classification for HSK is proposed by 
Eisendrath et al. and describes five types of vascularization [11]. In 
type I, which accounts for 20% of cases, there is one renal artery 
supplying each side of the kidney; in type II, which accounts for 
30% of cases, there is one renal artery supplying each side of the 
kidney with an aortic branch to the isthmus; in type III, which 
accounts for 15% of cases, there are two renal arteries supplying 
each side and one renal isthmus artery; in type IV, which accounts 
for 15% of cases, there are two renal arteries supplying each side, 
with one or more arising from the iliac arteries, including the 
isthmus branch; and in type V, which accounts for 20% of cases, 
there are multiple renal arteries originating from the aorta and the 
mesenteric and iliac arteries.

Precise pre-operative knowledge of the anomalous renal perfusion 
is fundamental for the successful planning and treatment of patients 
presenting with concomitant HSK and AAA.  Some studies 
describe the use of methylene blue to define the exact perfusion 
pattern of the kidney [12]. Both the ESVS guidelines [13] and 
the American guidelines [14] recommend the preservation of the 
renal isthmus and anomalous renal arteries >3 mm in diameter 
[15,16]. Current ESVS guidelines and case series suggests [17] 
a retroperitoneal approach for patients requiring open surgical 
repair. Also, ESVS guidelines suggest an endovascular repair 
if anatomically feasible for the treatment of abdominal aortic 
aneurysm with a coexisting horseshoe kidney [13]. However, 
in our series most of the cases (83,3 %) were managed using a 
middle laparotomy with a satisfactory aneurysm exposure, renal 
revascularization and without HSK isthmus division required. 
As many accessory renal arteries as possible should be re-
anastomosed to the prosthesis [2-11,15,16,18]. Starting from 
previous reported experience of Tshomba et al. [12,14,17,19-25], 
to prevent the onset of an AKI, in present series the renal arteries 
were perfused with Custodiol solution, despite no recommendation 
coming from current guidelines for HSK renal perfusion. The 
latter is a crystalloid solution with electrolyte concentrations 
like the intracellular environment, containing lower levels of 
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sodium, calcium, potassium, and magnesium than lactated 
Ringer’s solution. These low electrolyte concentrations should 
reduce the cellular swelling, toxicity, and damage caused by the 
ischemic insult [19,20]. There are many case reports that show 
the feasibility of endovascular treatment [3-13,15-21]or cases 
of hybrid repair trough re-implantation of aberrant renal artery 
followed by deployment of endograft [22-23]. Repair has also been 
described using a fenestrated endograft and snorkel grafts [24]. 
Obviously, EVAR is a good alternative option for patients who 
are unable to tolerate open AAA repair because of poor surgical 
condition; however, the optimal renal arteries management during 
endovascular procedures still remains a source of concern.

Conclusion

Open Surgical Repair of AAA with HSK is a feasible, effective, and 
safe technique at experienced centers. In our experience, surgical 
approach using perfusion with Custudiol still appears safer in fit 
patients to preserve renal functions. The use of Custodiol during 
open TAAA repair was safe and resulted in significantly lower 
rates of postoperative AKI compared with Ringer’s solution. These 
findings support safety and efficacy of Custodiol in this specific 
setting, which is currently off-label. 
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