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5.1 Introduction

Renal arteries are defined as a pair of lateral
branches from the abdominal aorta. Anatomical
dissection studies have revealed that in most
cases, each kidney receives one renal artery and
one renal vein is deputy to drain blood into the
inferior vena cava. The left renal vein also
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receives left suprarenal and left gonadal veins, in
addition to the vein coming out from the kidney.

Variations in number, source, and course of
the renal arteries are common, occurring in
60-80% of reported cases [1, 2]. The renal artery
may give rise to branches normally derived from
other vessels, such as the inferior phrenic,
hepatic, suprarenal, gonadal, pancreatic, and
lumbar arteries.

The abnormalities in the renal arteries are
mainly due to the various developmental posi-
tions of the kidney, and the different origin and
their variations are explained by the development
of mesonephric arteries.

During the development in the pelvis, both
kidneys are supplied by common iliac artery
branches, but later, during migration into the
lumbar region, their arterial supply shifts to the
abdominal aorta.

Extrarenal artery may be classified into:

e Aberrant renal artery
e Accessory renal artery

Aberrant renal arteries commonly supply the
superior or inferior pole of the kidney.

Accessory renal arteries are a common vari-
ant and are present in ~25% (range 20-30%) of
the population. They may originate from the
abdominal aorta, either above or below the main
renal artery or, on rare occasions, from iliac
arteries.
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Accessory renal arteries occur bilaterally in
10-15% of cases:

* Single renal artery arising from the abdominal
aorta: 70%

* Double renal arteries ~20% (range 14-23%)

e Triple renal arteries ~2.5% (range 1-4%)

* Quadruple renal arteries <1%

Proper identification is mandatory for surgi-
cal planning prior to live donor transplantation,
renal artery procedures, and aortic surgery.
Techniques proposed for reducing the incidence
of renal failure in the presence of aberrant renal
arteries and concomitant abdominal aortic
aneurysm (AAA) are the aortic patch, single-
vessel reattachments through bypass grafts, or
direct reattachment (Figs. 5.1 and 5.2 and
Movie 5.1).

During aberrant artery reattachment, cold
crystalloid perfusion can be used in order to
reduce the risk of tubular damage (Movie 5.1).

Renal anomalies are described in the litera-
ture and can all be stratified into two catego-
ries: the horseshoe kidney and the pelvic
kidney.

5.2 Horseshoe Kidney (HSK)
Horseshoe kidney (HSK) is a well-known con-
genital fusion across the midline of two distinct
functioning kidneys found in 0.25% of the gen-
eral population and is characterized by the medial
fusion of the two kidneys anteriorly, or occasion-
ally posteriorly, to the aorta [3-6].

Incidence is between 1:600 and 1:800 and is
twice as common in men.

Fig.5.1 AngioCT showing an infrarenal abdominal aor-
tic aneurysm with an inferior right polar artery requiring
reattachment during tube graft repair (a) and postopera-
tive angioCT showing the same case after aortic repair and
inferior right polar artery reattachment (b). The pictures in

the operating room show the same case before (¢) and
after repair (d). Of note, in (c), the arrow indicating infe-
rior right polar renal polar artery and the vessel loop
around the inferior mesenteric artery
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Fig. 5.2 Intraoperative imaging showing direct reattach-
ment of the right renal artery during an AAA tube graft
repair with concomitant right aberrant renal artery. Of
note, on the right side, the reimplantation of the inferior
mesenteric artery as well

The kidneys are connected by an isthmus of
either functioning renal parenchyma or fibrous
tissue [7]. In the vast majority of cases, the fusion
is between the lower poles (90%). The remainder
of the superior or both the superior and inferior
poles is fused (sigmoid kidney or cake kidney).

As a result of this fusion, the inferior pole of
each kidney point medially, ureters leave kidneys
and pass anterior to the isthmus, which is typi-
cally located immediately below the inferior
mesenteric artery. Also, due to the halted ascent,
renal vascular anomalies are common: usually,
multiple renal arteries arise from the distal aorta
or iliac arteries; a wide variety of associated
anomalies coexist with HSK, and anomalies for
numbers and anatomy are identified in about
80% of the population [8, 9]. Various
classifications for the renal blood supply in HSK
were proposed, including the commonly used
classification of Eisendrath (Table 5.1).

Table 5.1 Eisendrath’s classification of renal blood sup-
ply in horseshoe kidney (HSK)

Classification | Description

Type I One renal artery to each side of the
kidney

Type II One renal artery to each side of the
kidney and aortic branches to the
isthmus

Type 111 Two renal arteries to each side of the
kidney and one to the isthmus

Type IV Two renal arteries to each side of the
kidney, with one or more from iliac
arteries, including isthmus branch

Type V Multiple renal arteries arising from the

aorta, mesenteric, and iliac arteries

Association between HSK and abdominal aor-
tic aneurysm is extremely rare. The combination
was first described by Julian in 1956 [10], and
since then, more than 200 cases have been
described in scientific literature, of which only
one case was a cake kidney, a fusion between
both poles. Some reports described AAA wrapped
with polyester, when most cases were performed
with isthmus separation.

Computed tomography (CT) angiography and
three-dimensional CT or magnetic resonance (MR)
angiography can identify even small branches or
accessory renal arteries that may go unnoticed via
other diagnostic imaging techniques.

Planning on a workstation is a critical step of
the strategy to establish precise measurements of
the different anatomic structures considered. In
particular, careful attention has to be paid to the
urinary excretal structures.

5.2.1 Surgical Techniques

The technical approach to the aorta can be ante-
rior transperitoneal or retroperitoneal, even if the
first is the most frequently used [11-14].
However, when arterial disease is limited to the
aorta, the retroperitoneal approach avoids prob-
lematic dissection of anomalous renal structures
[7]. The anterior transabdominal access is pre-
ferred in cases of a small isthmus or when the
right iliac artery should be reached. This approach
assures the best exposure of the kidney, the ure-
ters, the aneurysm, and both iliac vessels; how-
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ever, the renal isthmus can pose a problem in
reimplanting aberrant renal arteries. Therefore, in
order to obtain adequate aortic exposure, the isth-
mus can either be divided or excised. Because of
the risks of retroperitoneal urinary leaks, infec-
tion, bleeding, and renal ischemia, some surgeons
consider it prudent to not divide the isthmus [15].
On the other hand, isthmus division does not pro-
voke complications in cases of vessel sacrifice
with diameter <2 mm or in the presence of
fibrotic isthmus. Fortunately, it is often enough to
mobilize the isthmus anteriorly to place the aortic
graft behind it (Fig. 5.3).

The isthmus section is limited to selective
cases, especially complex cases or in emergencies
(Fig. 5.4 and Movie 5.2).

The retroperitoneal approach could be particu-
larly advantageous when the isthmus is particu-
larly large or in the presence of a rare renal fusion

Fig. 5.3 (a) Intraoperative image showing the kidney’s
isthmus exposed above the abdominal aortic aneurysm
(AAA) in a patient with concomitant horseshoe kidney.
(b) Identification of the renal arteries from the horseshoe
kidney and mobilization of the kidney isthmus. (¢) Placing

anomaly of the kidneys, widely known as pancake
kidney (also known as discoid kidney, disc kidney,
lump kidney, fused pelvic kidney, or cake
kidney).

Indeed, this approach, with mobilization of
the renal mass and its excretory system toward
the right, avoids venous and renal anomalies,
and the renal arteries can be identified from the
inside of the aneurysmal sac. Nowadays, the
management of aneurysmal disease of the aorta
in the setting of HSK poses several surgical chal-
lenges. Endovascular aortic aneurysm repair
(EVAR) has been described in several cases of
patients unfit to open repair, showing good early
and midterm outcomes [16, 17]. The coverage of
accessory renal arteries in patients with HSK
represents the main drawback of the endovascu-
lar approach. As mentioned before, the anoma-
lous renal arteries <2 mm in diameter can be

of the aortic graft behind the isthmus of the horseshoe kid-
ney. (d) Final imaging of complete end-to-end aorto-
aortic Dacron graft bypass reconstruction behind the
kidney with renal isthmus and artery preservation
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Fig. 5.4 Intraoperative imaging of a ruptured AAA in a
patient with concomitant horseshoe kidney. Of note, section
and suture of the two stumps at the level of renal isthmus. In
Movie 5.1, retroperitoneal hematoma is also shown

sacrificed without a real risk of renal ischemia
[15]. However, accessory renal arteries of sig-
nificant size should be preserved in order to pre-
vent renal infarction. Recently, the use of
fenestrated or branched endografts could repre-
sent a solution to maintain the accessory renal
artery perfusion [18, 19].

5.3  PelvicKidney

Ectopic kidney is a less frequent anomaly (0.2—
0.03%) with variable locations, as shown in
Table 5.2 [20, 21].

Embryologic mechanisms leading to ecto-
pic kidneys remain uncertain, and the combi-
nation of congenital pelvic kidney with an
aortoiliac  aneurysm is extremely rare
(Figs. 5.5, 5.6, and 5.7).

A radiological study reported that 0.18% of
patients who underwent a major aortic surgery
had pelvic kidneys [12]. In 1977, Ezzet et al. [22]
documented the first case of a patient with a pel-
vic kidney associated with AAA. Since then, few
cases have been reported in scientific literature.
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Fig. 5.5 AngioCT showing a case of infrarenal aortic
aneurysm associated with ptotic right kidney and left pel-
vic kidney. Of note, three feeding arteries for the right
ptotic kidney originating from the aorta near the superior
mesenteric artery, from the origin of the right common
iliac artery, and from the right hypogastric artery. Of note,
two feeding arteries for the left pelvic kidney originating
from the right hypogastric artery and from aortic
bifurcation

Table 5.2 Ectopic kidney position

Type Location

Pelvic Opposite sacrum, distal to the aortic
bifurcation

Lumbar In the iliac fossa, opposite the sacral
promontory

Abdominal | Above the iliac crest, adjacent to the L2
vertebra

Cephalad Below the diaphragm, near the T10
vertebra

Thoracic Total or partial location in the chest,
above the diaphragm

Crossed Ectopic kidney located on the opposite

ectopia side from its ureteral insertion

(1) with fusion, (2) without fusion, (3)
solitary crossed ectopia, and (4)
bilaterally crossed ectopia

D. Baccellieri et al.

5.3.1 Surgical Approach and Renal

Perfusion

The surgical approach is usually the anterior
transperitoneal approach, which allows for opti-
mal visualization and control of the ectopic renal
arteries usually emerging from the iliac arteries
and/or distal abdominal aorta (Fig. 5.6).

The technical challenge is in preserving the
function of the pelvic kidney. It is also mandatory
to preserve renal perfusion to minimize intraop-
erative renal ischemia.

A variety of techniques have been described to
limit ischemic damage to such abnormal pelvic
kidneys [23, 24]. Proximal double clamping of
the neck of aneurysm can be used if the aneurysm
is entirely limited to the aorta [25, 26]. This tech-
nique was reported for the first time in 1986 by
Lacombe et al. [27]. The authors affirmed that it
does not render the kidney totally ischemic as the
kidney is perfused by retrograde flow in the iliac
and the lumbar arteries. When the perfusion of
the kidney is completely eliminated, then either
perfusion of the kidney with cold solution or sur-
rounding it with ice packs reduces its metabo-
lism, thereby minimizing damage. Using this
technique, the kidney needs to be reperfused after
about 40—45 min of cold ischemia to avoid any
damage. However, this technique is limited if the
proximal neck of the aneurysm is not long enough
to clamp at two sites or if adequate collateral cir-
culation is not established.

Conventional repair with the administration of
furosemide and/or mannitol before cross clamp-
ing has also been described. These pharmacolog-
ical agents are thought to induce diuresis before
aortic cross clamping, thereby reducing the risk
of acute tubular necrosis.

The main drawbacks of these techniques are
that it can be a race against time to perfuse the
kidney, and the ischemic insult will result in
severe impairment to the kidney whose function
is previously compromised.

Other options are cold crystalloid perfusion,
passive shunts, and extracorporeal circulation
[28, 29].

Cold crystalloid perfusion is a safe and easier
method compared to extracorporeal circulation
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Fig. 5.6 (a) A case of infrarenal aortic aneurysm associ-  Intraoperative images showing perfusion of cold crystal-
ated with pelvic kidney with the artery originating from loid into the orifice of the pelvic kidney feeding artery
the distal aorta. Schematic illustration (left) and intraop-  through an occlusion perfusion balloon catheter and end-
erative image (right) showing the abdominal aortic aneu-  to-end Dacron aortic bypass with the main pelvic kidney
rysm and the pelvic kidney feeding artery (arrow). (b) renal artery reimplantation
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Fig.5.7 (a) A case of right common iliac aneurysm asso-
ciated with pelvic kidney with a main artery originating
from distal aorta immediately above bifurcation. Of note
occlusion perfusion balloon catheter inserted into the right
limb of the aorto-bi-iliac Dacron graft in order to perfuse
with cold crystalloid solution the orifice of the pelvic kid-

requiring longer renal ischemic time and a pump
oxygenator.

As far as the use of a shunt is concerned,
embolization and iatrogenic lesions during shunt
placement or removal are described [30].

5.3.2 Endovascular Approach

In recent years, developments in endovascular
repair ~ of  pararenal, juxta-renal, and
thoracoabdominal aneurysm (TAAA) have been
remarkable, representing, in high-risk patients, a
valid alternative to open repair.

However, few cases of aortic aneurysm repair
with congenital pelvic kidney have been reported
to date.

Morales and Greenberg have described the
use of a customized fenestrated graft to repair a
TAAA in a patient with a left pelvic kidney
supplied by a single left pelvic artery arising
from around the aortic bifurcation [31]. In 2012,
Spear et al. reported their experience in the
treatment of renal artery anomalies and aberrant
origins of renal arteries, associated or not with
pelvic kidney or horseshoe kidney, using
fenestrated and branched endografts. The authors

ney feeding artery in the distal aorta during proximal
anastomosis. (b) Intraoperative images showing Dacron
aorto-bi-iliac bypass graft with the pelvic kidney feeding
artery immediately above the proximal anastomosis

showed satisfactory 6-month outcomes and con-
cluded stating that endovascular treatment with
fenestrated and branched endografts should be
considered in challenging renal artery anomalies
in patients unfit for open repair [32].

However, limitations of fenestrated endografts
are the target vessel size <3 mm, and long-term
patency rates of these stented arteries may be
suboptimal. For these reasons, the use of a
customized fenestrated endoluminal  graft
requires careful preoperative planning and patient
selection. This will be an issue to address as
fenestrated technology continues to evolve.

5.4 Venous Abnormalities

Congenital venous abnormalities in the retroper-
itoneal space are relatively infrequent and, under
normal circumstances, asymptomatic but have
clinical importance in aortoiliac surgery. These
anomalies have a low prevalence (5.65%) [33,
34]: type I retroaortic left renal vein (LRV), with
an incidence of 0.3-0.9% joining the inferior
vena cava (IVC) in orthotopic position [34]
(Fig. 5.8); type I LRV that joins the IVC lower,
at L4-L5 (0.4-0.9%) [35]; circumaortic renal
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Fig. 5.8 (a) AngioCT showing a retroaortic left renal vein in a patient with infrarenal abdominal aortic aneurysm. (b)
Intraoperative images showing a retroaortic left renal vein in a patient with infrarenal abdominal aortic aneurysm

Fig. 5.9 Intraoperative images showing a left-sided infe-
rior vena cava in a patient with infrarenal abdominal aor-
tic aneurysm

collar (0.5-1.4%) [36]; left-sided IVC (Figs. 5.9
and 5.10) and duplication of IVC (0.2-3%) [37]
(Fig. 5.10); and the least common anomaly (0.2—
0.5%) [33, 35]. The presence of vascular ana-
tomical anomalies can create technical
difficulties during aortoiliac surgery, and the
patients are most likely to suffer severe bleeding;
thus, the surgeon must be alert to detect these
anomalies.
There are some variants:

e Retroaortic LRV type 1. The ventral preaortic
limb of the renal venous collar is obliterated,

and the dorsal limb remains on the contrary of
the normal evolution, joining the IVC in an
orthotopic position, in the neck of the
aneurysm.

Retroaortic LRV type II. The dorsal limb is
detected in a lower position, at L4-L5, behind
the aneurysm, and joins the IVC, gonadal, or
ascending lumbar veins.

In the circumaortic LRV, both preaortic and
retroaortic limbs of the venous collar persist
patent.

Transposition or left-sided IVC develops
from the persistence of the left instead of
right supracardinal vein, which occurs in the
normal evolution. The left-sided infrarenal
IVC typically joins the LRV, before it crosses
the aorta to form a normal right-sided supra-
renal IVC. A complete transposition of the
IVC to the left with hemizygous continua-
tion is extremely rare. This case can present
itself with or without situs viscerum
inversus.

In the duplication of the IVC, both left and
right supracardinal veins persist.

Preaortic confluence of the iliac veins.
Although no other anomaly has been encoun-
tered behind the left renal vein during this
period, communication between the left
ascending lumbar vein and the left renal vein
is sometimes experienced [38].
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Fig. 5.10 Intraoperative images showing infrarenal aortic tube graft repair in a patient with a left-sided inferior vena
cava (left) and a duplication of inferior vena cava (right)

e The superior lumbar veins can be also termi-
nated to the dorsal aspect of the left renal vein
[39].

Venous hemorrhage is the most troublesome
complication during AAA surgery, occurring
particularly during dissection of the proximal
infrarenal and lower aorta, the level of CIAs [40].

During elective surgery for AAA, the presence
of these rare anomalies can be managed with
little additional risk through the use of a long
midline incision and transperitoneal route. With a
careful blunt dissection, it is possible to gain

proximal and distal control mobilizing the
“unconventional” caval conformation, which
may result strictly adherent to the aorta.

These considerations are valid even in the
presence of Kartagener’s syndrome.

On the other hand, a large series of aortic
interventions showed that the LRV can be
readily divided adjacent to the inferior vena
cava in order to provide improved exposure
during complex aortic  reconstruction.
Theoretical disadvantages of renal vein liga-
tion such as flank pain or hematuria were not
noted in this series [41].
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5.5 Conclusion

An in-depth knowledge of variations in the anat-
omy of the kidneys is mandatory before plan-
ning an aortoiliac aneurysm repair. Both arterial
and venous vascular anatomies should be care-
fully evaluated together with possible more
complex changes including congenital fusion
disorders and ectopia. Accurate preoperative
planning with advanced image studies including
CT scan or MRN angiography, and, in selected
cases, renal artery arteriography and DUS, for
complete knowledge of renal vascular anatomy
is the key of success in more complex cases. To
preserve renal function during open repair, vari-
ous methods have been reported, but no proce-
dure has still been clearly assessed as the
therapeutic gold standard. However, strategies
based on reduced renal clamping time, renal
branch reattachment/preservation, and renal
perfusion with blood or cold crystalloid seem to
be effective in minimizing ischemia-reperfusion
renal damage.

In selected cases, endovascular repair with
fenestrated/branched endografts or CHIMPS
may represent an alternative to open repair, even
if larger series and longer follow-up are needed.
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