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Abstract

The co-existence of abdominal aortic aneurysm (AAA) and horseshoe kidney (HK) is rare. However, horseshoe kidney limits 
access to the abdominal aorta during open surgery. 

This is a retrospective single-center study which includes four patients with horseshoe kidney who underwent open surgery of 
the abdominal aorta in the Department of vascular surgery, Clinical Center of the Republic of Srpska between 2020 and 2025. Three 
patients had abdominal aortic aneurysm, while one had aortoiliac occlusive disease. According to Crawford classification, all patients 
had type II of horseshoe kidney vascularization (two normal and 1-3 anomalous renal arteries originating from infrarenal aorta or 
from iliac arteries).

In all cases midline laparotomy incision was used, while renal isthmus was preserved. In three cases that required aortic cross 
clamping above the anomalous renal arteries, renal protection was used. All significant anomalous renal arteries (diameter larger 
than 3mm) were preserved. There were no cases of renal failure and mortality during the first 30 postoperative days, as well as after 
the mean follow-up period of 30.75 months.

In majority of cases open surgery is the first choice for the treatment of abdominal aortic diseases in the presence of horseshoe 
kidney. It requires careful planning of operative strategy, including exact preoperative identification of HK vascularization and 
collecting systems anatomy. We recommend the midline laparotomy approach and preservation of the renal isthmus and all significant 
renal arteries. EVAR can be used selectively if patients with associated horseshoe kidney have suitable anatomy.
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Abbreviations

AAA: Abdominal Aortic Aneurysm; HK: Horseshoe Kidney; OS: Open 
Surgery; EVAR: Endovascular aneurysm Repair; RAAA: Ruptured 
Abdominal Aortic Aneurysm; ACC: Aortic Cross Clamping; AII: 
Aortobiiliac Bypass; AFF: Aortobifemoral Bypass; IVC: Inferior 
Vena Cava; COPD: Chronic Obstructive Pulmonary Disease

Introduction

Horseshoe kidney (HK) is the most common congenital anomaly 
of the kidneys. According to some reports, it is occurring in 0.15-
0.25% of all newborns [1,2]. The main characteristic of this anomaly 
is medial fusion of the two kidneys anteriorly or occasionally 
posteriorly to the abdominal aorta [1-3]. Usually the renal isthmus 
consists from simple fibrotic tissue or, less frequently, from highly 
vascularized renal parenchyma [2-6]. Mostly, each renal body 
has its own collecting system, with the ureter on the appropriate 
side [3,5]. 30% of patients with HK have two normal, while more 
than 60% have multiple renal arteries [7-10]. There are three 
classifications of HK vascularization. Eisendrath`s classification 
from 1925, which is the oldest, is based on number of renal arteries 
[2]. It includes five types of HK vascularization. Type I: There are 
two renal arteries, one for each side of the HK (20% of cases). Type 
II: There is one renal artery for each side of the HK and one aortic 
brunch to the renal isthmus (30% of cases). Type III: There are two 
arteries for each side of the HK and one artery for renal isthmus 
(15% of cases). Type IV: There are two arteries for each side of the 
HK with one or more arteries arising from iliac arteries, including 
the isthmus branch (15% of cases). Type V: There are multiple 
renal arteries originating from the aorta, mesenteric and iliac 
arteries (20% of cases) [2]. Papin’s classification from 1928 is also 
based on the number of renal arteries. Papin I, which is presented 
in 20% of cases, includes HK with two normal renal arteries. Papin 
II of HK, which includes 3-5 renal arteries, is presented in 66% of 
cases, while Papin III, with more than 5 renal arteries, is presented 
in 14% of patients with HK [11]. Crawford’s classification, based 
on the origin of renal arteries, is the most popular one for vascular 
surgeons. According to this classification, there are three types of 
HK vascularization. Crawford type I includes HK with two renal 
arteries that have normal origin. Patients with Crawford type II 
of HK vascularization have two normal and 1-3 anomalous renal 
arteries originating from infrarenal aorta or from iliac arteries. 

Finally, in Crawford III of HK all renal arteries have an anomalous 
origin [5,6]. Patients with HK are usually asymptomatic without 
disorder of renal function [6]. The co-existence of abdominal 
aortic aneurysm (AAA) and HK is rare, occurring only in 0.12-0.2% 
of patients requiring aneurysm repair [8,13-15]. However, the 
occurrence of HK limits access to the distal abdominal aorta during 
open surgery [5-10,12,14-16]. The aim of this study includes a 
presentation of four cases in which patients with HK underwent 
open surgical repair of abdominal aorta and an assessment of 
optimal management of abdominal aortic disease in the presence 
of this congenital renal anomaly.

Case Series 

This paper includes a retrospective case series of four patients 
who underwent open surgery (OS) of abdominal aorta with the 
presence of HK in the Department of vascular surgery, Clinical 
Center of the Republic of Srpska from 2020 to 2025, as well as an 
evaluation of the treatment options for these patients. The study 
was performed in accordance with the ethical standards of the 
responsible with the Helsinki Declaration of 1964 and its later 
amendments. Informed consent was obtained from all patients 
included in the study.

Result

In the period between 2020 and 2025 overall, four patients 
were diagnosed with primary abdominal aortic disease and 
associated HK in the Department of vascular surgery, Clinical 
Center of the Republic of Srpska. All our patients were male with 
the average age of 67 years (range, 62-73). Three of our patients 
had asymptomatic AAA with diameter of 62, 59 and 65 millimeters. 
One patient had aortoiliac occlusive disease manifested with 
disabling claudication discomforts. Associated comorbidities 
has included arterial hypertension- three cases (75%); Diabetes 
Mellitus-one case (25%); chronic obstructive pulmonary disease 
(COPD)-one case (25%); aortic valve stenosis-one case (25%) and 
dyslipidemia-three cases (75%). Three (75%) of our patients were 
smokers. Table 1 presents preoperative baseline characteristics of 
our patients.

All patients underwent MDCT angiography. In three cases 
the examination revealed infrarenal AAA, while in one case 
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No
Demography Comorbidity and Risk Factors

Sex Age (y) Arterial Hypertension Diabetes 
Mellitus Dyslipidemia Cigarette 

Smoking
Cardiac  

Diseases COPD

1. M 71 Yes No Yes Yes No Yes
2. M 73 Yes No Yes No No No
3. M 62 Yes No Yes Yes No No
4. M 62 No Yes No Yes Aortic Valve 

Stenosis
No

Table 1: Preoperative baseline characteristics.

Legend: No- patient number; y- year; COPD- chronic obstructive pulmonary disease.

aortoiliac occlusive disease. In all patients HK was also found. 
The renal isthmus in all cases consisted from highly vascularized 
renal parenchyma. All of our patients had multiple renal arteries. 
According to Crawford classification, all of them had type II of HK 
vascularization (two normal and 1-3 anomalous renal arteries 
originating from infrarenal aorta or from iliac arteries) [5,6]. In 
all patients renal bodies had their own collecting system, with the 
ureter on the appropriate side. The patient number 1, besides two 
normal, had one anomalous isthmic artery which originated from 
the aneurysm neck. The patient number 2. had two normal and two 
anomalous renal arteries. One of them, with diameter smaller than 
3 mm, originated from the aneurysm sac, while another originated 
from the right iliac artery (Figure 1A). The patient number 3, 
besides two normal, had two anomalous renal arteries. One of 
these anomalous renal arteries originated from the aneurysm neck, 
while the other from the left common iliac artery. Finaly the patient 
number 4. had two normal and two anomalous renal arteries. The 
first of them originated from infarenal aorta, while the other one 
from an iliac artery. HK vascularization is presented in the table 2.

All four patients underwent OS of abdominal aorta under 
general anesthesia. Midline laparotomy incision was used as 
surgical approach in all four cases. A proximal bleeding control 
was performed by using infrarenal aortic cross-clamping (ACC) 
in all cases. Patients with AAA had replacement with bifurcated 
prosthetic Dacron graft. In two cases, both distal anastomoses were 

Figure 1: Patient number 2: AAA with 2 normal renal arteries 
and with 2 anomalous renal arteries. One of them originated 

from the aneurysm sac while the other from the common iliac 
artery. A) MDCT angiography. B) Intraoperative picture presents 

renal protection after selective canulation of the anomalous 
renal artery originating from the right common iliac aneurysm. 
C) Intraoperative picture presents right anomalous renal artery 

after its reattachment into right limb of the bifurcated graft 
which is positioned under the renal isthmus.

performed on the iliac arteries, while in the third case, on common 
femoral arteries. Patient number 4, with aortoiliac occlusive 
disease, underwent standard aortobifemoral reconstruction using 
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No Abdominal Aortic 
Disease Number of renal arteries Crawford

Classification [5]
1. AAA 2 normal arteries

1 anomalous artery from the aneurysm neck
Type II

2. AAA 2 normal renal arteries
1 anomalous artery from the aneurysm sac

1 anomalous artery from the right iliac artery

Type II

3. AAA and iliac oc-
clusion

2 normal arteries
2 anomalous arteries from the aneurysm neck

1 anomalous artery from the left iliac artery

Type II

4 Aorto-iliac occlusive 
disease

-2 normal arteries
-1 anomalous from the infarenal aorta

-1 anomalous from the iliac artery

Type II

Table 2: Vascularization of the horseshoe kidney.

Legend: No- patient number.

also bifurcated Dacron graft (Figure 2B). The proximal anastomosis 
had side-to-end shape (Figure 2A). In all four cases renal isthmus 
transection was avoided. Instead of that, renal isthmus was 
mobilized from the anterior aneurysm/aortic wall and after that 
vascular graft was passed out under it. 

Figure 2: An intraoperative picture of patient number 4 with 
two normal and two anomalous renal arteries. The first of them 
originated from infarenal aorta while another from iliac artery. 

All two anomalous renal arteries were preserved thanks to 
side-to-side proximal aortic anastomosis. A) The placement of 
bifurcated graft under the renal isthmus after finishing of side-

to-side proximal aortic anastomosis. B) The finishing of both 
distal anastomoses.

In three cases ACC was performed above the origin of 
anomalous renal arteries. In each we used renal protection. 
It included kidneys perfusion after selective catheterization 
of anomalous renal arteries with cold (+4°C) solution which 
consisted of 125 mg Methylprednisolone, 12.5 g/L 20% Mannitol 
and 5000 IU of heparin added to 500 ml of cooled saline (Figure 
1B). We preserved all the significant renal arteries with diameter 
higher than 3 mm. In patient number 1. anomalous renal artery 
was preserved thanks to its location above the proximal aortic 
anastomosis. In patient number 2, the anomalous renal artery 
originated from the aneurysmal sac was ligated (diameter less than 
3 mm), while the other one was reattached into the right limb of 
the vascular graft (Figure 1C). In patient number 3, two anomalous 
renal arteries were preserved thanks to their location above the 
proximal anastomosis, while one was reattached into the left limb 
of vascular graft. In patient number 4, all anomalous renal arteries 
were preserved thanks to side-to-end shape of proximal aortic 
anastomosis (Figure 2A). The data about perioperative procedures 
are presented in table 3. 

There were no cases of mortality and renal failure during the 
first 30 postoperative days. After the mean follow-up period of 

75

Case Series of Abdominal Aortic Open Surgery in the Presence of Horseshoe Kidney

Citation: Momir Bobar., et al. “Case Series of Abdominal Aortic Open Surgery in the Presence of Horseshoe Kidney". Acta Scientific Medical Sciences 10.1 
(2026): 72-79.



No Aortic Repair Procedure with 
Isthmus Procedure with Anomalous Renal Arteries

1. AII Bypass Preserved Preserved above the proximal anastomosis
2. AII Bypass Preserved One (<3 mm) was ligated. One was reattached into the right limb of 

vascular graft.
3. AFF Bypass Preserved Two were preserved above the proximal anastomosis. One was reat-

tached into the left limb of vascular graft.
4. AFF Bypass Preserved Preserved thanks to side-to-end proximal aortic anastomosis.

Table 3: Perioperative procedures.

Legend: No- patient number; AII- aortobiiliac bypass; AFF- aortobifemoral bypass.

30.75 months (6-60) there were also no cases of renal failure and 
mortality. Table 4 presents early and long-term results.

No
30-Day-Outcomes

Follow Up 
(months)

Long-term Results
Renal 

Failure Survival Renal Function Survival

1. No Yes 60 Normal Yes
2. No Yes 31 Normal Yes
3. No Yes 26 Normal Yes
4. No Yes 6 Normal Yes

Table 4: Early and long-term outcomes.

Discussion

The first successful repair of an AAA in the presence of a HK 
was described by Phelan and co in 1957 [17]. Three studies with a 
larger number of such cases emerged afterwards [7,9,18]. The first 
of them was single center study with 8 cases [18]. A review from 
1975 has included the total number of 34 cases [7], while review 
from 1993 has included the total number of 19 cases [9]. During 
the past twenty years three articles have also been published by 
authors from the Clinic for Vascular and Endovascular Surgery of 
the University Clinical Center of Serbia. The first study from 2004 
included 12 cases of open repair (OR) of abdominal aorta in the 
presence of HK [12]. The second study from 2011 has included 25 
new cases of AAA open repair and associated HK [6]. Finaly, the last 
study from 2018 was described six patients with OR of ruptured 
AAA (RAAA) in the presence of HK [19].

The main technical consideration during elective OR of 
abdominal aortic disease in patients with associeted HK, includes 

the choice of surgical approach, as well as the procedure with 
renal isthmus and with anomalous renal arteries. Midline 
laparotomy and left retroperitoneal approaches are available for 
OS of abdominal aortic pathology in patients with associated HK. 
Both have their own advantages and disadvantages. The main 
technical advantages of midline laparotomy include the ability 
for the treatment of associated iliac and femoral artery pathology 
(especially on the right side), as well as clearly identification of 
HK vascularization and collecting system anatomy [6,8,19-23]. 
At the same time, midline laparotomy is more comfortable for 
anesthesiologists during urgent OR of RAAA with associated HK, 
especially if patients are hemodynamically unstable, or even if they 
require reanimation [10]. Majority of authors recommend midline 
laparotomy during OR of RAAA in the presence of HK [8,21-48]. 
However, if midline laparotomy is used, the isthmus of HK makes 
more difficult or even disables surgical approach to abdominal 
aorta, especially during AAA OR. A preservation of the isthmus and 
reattachment of anomalous renal arteries are much easier using 

76

Case Series of Abdominal Aortic Open Surgery in the Presence of Horseshoe Kidney

Citation: Momir Bobar., et al. “Case Series of Abdominal Aortic Open Surgery in the Presence of Horseshoe Kidney". Acta Scientific Medical Sciences 10.1 
(2026): 72-79.



left retroperitoneal approach [10]. Namely, if the renal isthmus 
consists of renal parenchyma, its transection and division increase 
the risks of urinary fistula, urinary leakage, sepsis, or hemorrhage. 
This risk is especially high if the isthmus contains elements of the 
collecting system [6,9,13]. In a meta-analysis of 176 patients with 
HK and AAA, division of the renal isthmus was associated with 
increased postoperative renal insufficiency as well. According 
to the review of the literature, the midline laparotomy required 
transection and division of the renal isthmus in 34% of cases 
during AAA OR [13,21]. In most cases the renal isthmus was left 
intact, while the graft was simply tunneled under it [6,11,13,19,21]. 
Due to this, some authors recommend the mobilization of the 
isthmus from the aneurismal wall [22,24,25,27,31,32,36,40,44]. 
We preserved renal isthmus in all of our cases. The vascular graft 
can also be placed through the aneurysmal sac after opening its 
anterior wall after aortic cross clamping [6,12,10]. Majority of 
authors recommend the division (transection) of the renal isthmus 
during emergency repair of RAAA with associated HK [8,21,23-
25,27-30,33-35,37-39,43,44]. The next challenge during OR of the 
abdominal aorta in association with HK includes procedures with 
anomalous renal arteries. The most recently published guidelines 
recommend preservation of all accessory and anomalous renal 
arteries larger than 4mm in diameter or those that supply more 
than 30% of kidney. 

A preservation of anomalous renal arteries during OR of 
abdominal aorta includes their reattachment into vascular graft 
and bypass from the aortic graft to them [6,12,19]. According to 
review of the literature from 2018, in 26.82% cases anomalous 
renal arteries have been ligated, while in 19.51% preserved 
using different reconstructive procedures [19]. Ligature of 
significant renal arteries increased risk of postoperative renal 
failure, especially in patients with preexisted problems with renal 
function. We preserved all significant anomalous renal arteries. 
In our case 1 two normal and one anomalous renal artery were 
positioned above the proximal aortic anastomosis. In case 4 all 
anomalous renal arteries were preserved thanks to end-to-side 
shape of proximal anastomosis. In cases 2 and 3 we performed 
reattachment of accessory renal arteries using Carrel patch. Only 
in patient number 2 the anomalous renal artery originated from 
the aneurysmal sac was ligated (diameter less than 3 mm). It was 
no consequences on postoperative renal function. Procedures with 
renal arteries can cause renal ischemia, especially if the number of 

anomalous renal arteries is large. In such cases, renal protection 
is recommended. We performed it by kidneys perfusion after 
selective catheterization of anomalous renal arteries with cold 
(+4°C) solution, which consisted of 125 mg Methylprednisolone, 
12.5 g/L 20% Mannitol and 5000 IU of heparin added into 500 ml 
of cooled saline. According to the same reports, the use of Custodiol 
provides improved perioperative renal function compared with 
other solutions. The first successful repair of RAAA in the presence 
of HK was described by Manick in 1964 [22]. Besides already 
described problems, the repair of RAAA in patients with associated 
HK has one problem more. That is a bleeding control. Authors 
with significant experience in the OR of RAAA suggest routine 
supraceliac ACC for proximal bleeding control [19]. Namely, in the 
presence of retroperitoneal hematoma, caused by RAAA, standard 
infrarenal ACC increases risk of iatrogenic injuries of surrounding 
structures, including abdominal aorta, inferior vena cava (IVC), 
duodenum, and HK. On the contrary, supraceliac ACC enables us 
to prevent those iatrogenic injuries. An experienced vascular 
surgeon usually needs less than 10 minutes from the initiation 
of laparotomy to supraceliac ACC, which is a fast, efficient and 
safe proximal bleeding control [19]. At the same time, the distal 
bleeding control can be performed by the placement of ballon 
occlusive catheters into both iliac arteries after the opening of 
the aneurysm sac. This maneuver simplifies the procedure and 
prevents iatrogenic injuries to the iliac veins and ureters in the 
presence of retroperitoneal hematoma [19].

EVAR improved significantly treatment of AAA. However, could 
the same be said for patients who have AAA associated with 
HK? If the EVAR is chosen, surgical approach and renal isthmus 
should not be considered during the treatment of AAA with 
associated HK. From the first such procedure in 1997 till 2018, 
26 EVARs in patients with HK were reported [48]. On the other 
hand, the main disadvantage includes problems with anomalous 
renal arteries. EVAR mostly requires their covering to achieve an 
adequate proximal landing zone. It is always followed by partial 
renal infarction and the same stage of renal failure, which is not 
recommended in patients with preexisted renal failure. The new 
advanced option could be the usage of customized fenestrated 
stent graft, which enables a preservation of all significant accessory 
renal arteries with no change in renal function. 
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Conclusion

In majority of cases, open surgery is the first choice for the 
treatment of abdominal aortic diseases in the presence of HK. It 
requires an exact preoperative identification of HK vascularization 
and collecting systems anatomy and careful planning of operative 
strategy. We recommend the midline laparotomy approach. A 
preservation of the renal isthmus consisting of renal parenchyma 
and reattachment of all significant renal arteries should be 
conventional standard in contemporary practice during OS of 
abdominal aorta. EVAR can be used selectively if patients with 
associated HK have suitable anatomy.
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