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ABSTRACT

Numerical anomalies of renal arteries are frequently encountered at radiological investigations. Origin of main
renal artery from abdominal aorta above the level of origin of celiac trunk and supplying normally positioned
kidney is encountered occasionally. But ectopic supradiaphragmatic thoracic origin of main renal artery supplying
a normally positioned kidney is extremely rare and reported only as case reports and till recently only ten such
cases have been reported. Incidentally all cases reporting thoracic origin are right renal arteries. The present
case report is an incidental observation of origin of main right renal artery from thoracic aorta at the level of
upper part of body of T-12 vertebra in a male patient undergoing contrast enhanced CT for suspected lung
pathology. The normally positioned right kidney was supplied by an accessory renal artery arising just below
the level of origin of superior mesenteric artery. Our literature search has yielded 23 cases (excluding the
present case) out of which 19 were thoracic right renal arteries and 4 thoracic left renal arteries. Additionally
the present case was associated with the presence of variations of celiac and superior mesenteric arteries in
the form of gastrosplenic and hepatomesenteric trunks. This association of variant gastrosplenic and
hepatomesenteric trunks with thoracic origin of main renal artery is reported for the first time. Knowledge of
such rare variations is crucial for radiologists, surgeons and urologists for better outcome of surgical and
interventional procedures.
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INTRODUCTION vertebra [1]. The most commonly reported

Renal arteries are paired lateral branches of
abdominal aorta normally arising at the level
of intervertebral disc between L1- L2 vertebrae
just below the origin of superior mesenteric
artery, but the level of origin can vary between
upper border of L-1 and lower border of L-2
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variations of the renal arteries are early
prehilar division and presence of additional
renal arteries. Additional renal arteries are
more common on the right side [1]. Additional
renal arteries may arise from abdominal aorta
at any level between T-12 and L-4 vertebrae
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or its branches like iliac, inferior mesenteric,
celiac, lumbar and gonadal arteries [2]. Ectopic
origin of main renal artery or additional renal
artery from thoracic aorta supplying a normally
positioned kidney is extremely rare and the
first case was reported by Doppman in 1967
[3]. Ichikawa et al (2014) reviewing earlier lit-
erature found 7 cases of ectopic thoracic ori-
gin of right renal artery [4]. Matusz et al (2015),
after an extensive literature search, described
12 reports (14 cases in total) of single renal
artery ectopically originating from abdominal
aorta (4 cases), thoracic aorta (8 cases) and
celiac trunk (2 cases) supplying a normally
positioned kidney. All 8 cases of ectopic origin
of renal arteries from thoracic aorta are right
renal arteries [5]. Recently Ishida et al (2016)
have claimed that renal artery origin from
thoracic aorta has been sporadically reported
as ten case reports in the literature including
their case and all the thoracic renal arteries
were found on the right side [6]. They also
noted the presence of additional renal
arteries arising from abdominal aorta along
with ectopic thoracic origin of main renal
artery in four previous reports [6].

Though thoracic origin of renal artery is very
rare, its presence increases the risk of
iatrogenic injury during thoracic endovascular
and surgical procedures. Thorough knowledge
of renal vascular variations and proper
preoperative planning helps to reduce
complications of laparoscopic and / or
retroperitoneal surgeries. We describe here an
incidental finding of supra-diaphragmatic
origin of right renal artery from thoracic aorta
in a male patient.

CASE REPORT

A 60 year old male patient was referred to our
diagnostic centre for contrast enhanced
computed tomography (CECT) of chest for
suspected lung pathology. Before contrast
injection written informed consent was
obtained from the patient. He underwent
CECT of chest and upper abdomen by a 64
channel multi-detector scanner ((GE Optima
660, 2011, Tokyo, Japan) and received 90-100
mL of non-ionic iohexol contrast (Omnipaque
350 mg |/mL; GE Healthcare, Shanghai, China)at
the rate of 5 mL/s intravenously and was
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diagnosed of having interstitial lung disease.
An incidental finding of origin of main right
renal artery (MRRA) from descending thoracic
aorta was noted arising 18.2 mm above the
origin of celiac trunk at the level of upper third
of body of T-12 vertebra (Figure No. 1, 3-A).
The MRRA originating in the retrocrural space
courses laterally and then downwards pierc-
ing the right crus of diaphragm to enter the
abdomen and measured 69.3 mm in length
(Figure No. 2). The MRRA presented a gentle
S- shaped curvature before reaching the renal
hilum. The normally positioned right kidney
was also receiving an accessory renal artery
(ARRA) arising from the anterolateral aspect
of abdominal aorta 16.0 mm below the origin
of celiac trunk (Figure No.1). The left kidney
was supplied by a single left renal artery
arising 16.4 mm below the origin of celiac
trunk. Anomalous branching pattern of the
celiac trunk and superior mesenteric artery was
also observed. The celiac trunk branched into
splenic (SA) and left gastric arteries (LGA) only
(Gastrosplenic trunk- GST) and a replaced
common hepatic artery (CHA) was arising from
the superior mesenteric artery (SMA) (the
Hepatomesenteric trunk- HMT) (Figure No.
3-B, 4). Right inferior phrenic artery (RIPA) was
taking origin from the anterior and left
surface of abdominal aorta, close to theorigin
of gastrosplenic trunk and then crosses in front
of the aorta to reach the right side (Fig.4).

Fig. 1: Volume rendered image showing normally posi-
tioned kidneys and the normal origin of a single Left
renal artery (LRA) from abdominal aorta. The right kid-
ney is supplied by the main right renal artery (MRRA)
arising from the thoracic aorta and exhibiting a long,
gentle S- shaped course to reach the hilum. An acces-
sory right renal artery (ARRA) is also seen entering the
hilum. Celiac trunk and superior mesenteric artery
showed variations in the form of gastrosplenic trunk
(GST) and hepatomesenteric trunk (HMT).
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Fig. 2: A, B, C, D —Serial axial sections showing the origin
of right renal artery (arrow) from thoracic aorta (TA) in
the retrocrural space and piercing the right crus to enter
the abdomen. AA — Abdominal aorta.

Fig. 3: (A) Coronal section showing the S- shaped course
of right renal artery (RRA) supplying the right kidney
(RK)

(B) Coronal section showing the gastrosplenic trunk
dividing into left gastric artery (LGA) and splenic artery
(SA). Note the origin of replaced common hepatic artery
(CHA) from the superior mesenteric artery (SMA)
forming the hepatomesenteric trunk.

Fig. 4: Right lateral view of volume rendered image
showing high origin of right renal artery (RRA) from
thoracic aorta. In place of celiac trunk the gastrosplenic
trunk is dividing into left gastric (LGA) and splenic
arteries (SA). The common hepatic artery (CHA) is
branching off the superior mesenteric (SMA), both
forming a common trunk named hepatomesenteric
trunk (HMT). The right inferior phrenic artery (RIPA) is
arising from the front of abdominal aorta close to the
origin of gastrosplenic trunk and is crossing anterior to
the aorta.
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DISCUSSION

Ectopic origin of main or accessory renal
artery from thoracic aorta supplying a normally
positioned kidney is an uncommon vascular
anomaly sporadically reported in the litera-
ture, mainly as case reports. Such an artery is
called as supradiaphragmatic renal artery or
thoracic renal artery and obviously pierces the
diaphragm to reach the renal hilum [7]. This
variant needs to be distinguished from ectopic
high origin of renal artery from abdominal
aorta above the level of the celiac trunk and
opposite to the level of T-11 or T-12 vertebral
bodies [8]. After an extensive literature search
Ishida et al (2016) found ten case reports
including their own describing thoracic origin
of renal artery and incidentally all cases were
thoracic right renal arteries [6].

Our literature search yielded 22 studies includ-
ing our own, reporting 24 cases of supradia-
phragmatic thoracic origin of renal arteries
with 20 on the right and 4 on the left side
[Table-1]. In 5 out of these 24 cases, additional
renal arteries arising from abdominal aorta
were found to supply the normally positioned
right kidney. Increased detection of supradia-
phragmatic thoracic origin of renal arteries in
the recent past is attributed to wider usage of
contrast enhanced CT imaging techniques for
screening of thoraco-abdominal pathologies.
Analysing two cases of single ectopic right
renal arteries, Gadabanahalli and Bhat (2017)
noted that these cases may be associated with
anomalous origin and course of right inferior
phrenic artery crossing the abdominal aorta
anteriorly from left to right. [22] We have also
observed in our case, a similar course of right
inferior phrenic artery passing anterior to
abdominal aorta (Figure - 4).

In addition we have noted the presence of a
gastrosplenic trunk (common trunk of origin
of splenic and left gastric arteries) and
hepatomesenteric trunk (origin of common
hepatic artery from superior mesenteric),
variations involving both celiac trunk and
superior mesenteric artery. Such an associa-
tion is reported for the first time with the
thoracic origin of right renal artery. Recent
systematic reviews by Panagouli et al (2013)
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Table 1: Features of reported cases of renal artery origin from thoracic aorta.

Modality of
Sl. No. Author & Year Gender, Age . ° a' ' y.o
investigation
1 Doppman, 1967 [3] Aortogram
Aorti \
2 Tegtmeyer & Stanton. 1969 [9] F 40 ILIET
Urography
3 Cerny & Karsch, 1973 [10] M 55 Aortogram
4 Schaffer et al. 1981 [11] F31. -
Uchino et al 1983 [12] F76
6 van Baalen & van Bockel, 1994 [13] F38 Angiography
Helical CT
7 Cocheteux et al 2001" [14] e‘ ‘@
angiography
8 Sueyoshi et al 2009 [15] M 35 CT Angio
9 Hazirolan et al 2011 [2] CT Angio
10 Talovic & Voljevica 2013 [16] Fetus Dissection
11 Ichikawa et al 2014 [4] M 38 CT Angio
12 Delasotta et al 2015 [17] M 73 Helical CT angio
13 Matusz et al 2015 [5] M 72 MDCT Angio
14 Hatem & Gray 2015 [7] M 74 CT Angio
15 Ishida et al 2016 [6] M 37 CECT
16 Arazinska et al 2016 [18] F30 MDCT
17 Stinson et al 2016 [19] M 74 CT Angio
18 Saddoud et al 2017 [20] F 62 MDCT
19 Ashalatha et al 2017 [21] Cadaveric
20 Gadabanahalli & Bhat-2017 [22] M 40 CECT
F28
21 Rossi & Rolandi, 2019 [23] M 69 MDCT
22 Ramesh Babu et al (Present study) M 60 MDCT

Number of thoracic Vertebral level Associated lesions /

Right/Left
renal arteries e of origin anomalies, if any.
1 Right T-11
1 Right T-11 Agenesis of left kidney
1 Right T-11 Right renal artery aneurysm
1(2)* Right T-11
1(2)* Right T-10-T-11
. Fibrodysplastic disease of
! Right Tl both RAs multiple stenoses,
2(2/1389) Right T-11
. T-12 upper
1 Right
E border
1 Right T-11
1(3)* Right T-11
1(2)* Right T-11
1 Right T-10
1 Right T-12 upper third  Right renal artery stenosis
1 Right T-12 upper third
1 Right T-11
Compression of left renal
1 Left T-12 upper third  artery by median arcuate
ligament.
1 Left T-12
Celiac trunk origin from
1 Let T thoracic aorta T11-T12
1 Left T-11
1 Right T10-T11
1 Right T-11
1 Right T12 Infrarenal abdominal aortic
aneurysm
Interstitial lung disease (ILD)
1(2)* Right T-12 upper third Hepatomesenteric & gastro-

splenic trunks.

*Indicates presence of additional renal artery arising from abdominal aorta. The number in parenthesis denotes

total number of renal arteries.

estimated the prevalence of these two trunks
as 1.13 % (111 cases out of 9829) and by Whit-
ley et al (2020) as 2.17 % (378 cases out of
17391) [24, 25]. A radiological study involving
5002 patients reported the incidence as 2.64
%. [26]. It is suggested that the presence of
both these trunks is one of the common
branching pattern variations of celiac trunk
and superior mesenteric artery [27, 28].

Renal arteries develop from lateral
mesonephric arteries arising from the dorsal
aorta. Nine pairs of lateral mesonephric
arteries develop in the thoracolumbar region
supplying mesonephros, metanephros, supra-
renal glands and gonads. These mesonephric
arteries are grouped into three sets, cranial
(1t and 2" pair), middle (3™ to 5" pair) and
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caudal (6™ to 9*™ pair). The caudal set of
mesonephric arteries form an arterial network
named rete arteriosum urogenitale which
supplies metanephros. Renal artery develops
from the lower most mesonephric artery of
the middle group or upper most mesonephric
artery of the caudal group. Mesonephric
arteries of the middle group also develop into
middle suprarenal and inferior phrenic
arteries. One of the caudal mesonephric
artery gives rise to gonadal artery and the rest
degenerate. Persistence of caudal mesonephric
arteries give rise to additional (accessory)
renal arteries. Cranial set of mesonephric ar-
teries completely disappear. Likely explanation
for the thoracic origin of renal artery is the
persistence of one of the cranial set of lateral
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mesonephric arteries [17].

Though extremely rare, presence of thoracic
origin of renal artery would result in compli-
cations while performing thoracic mediastinal
surgeries and endovascular interventional pro-
cedures. Thorough knowledge and awareness
of renal artery variations will lead to success-
ful outcome of laparoscopic, retroperitoneal
surgeries, renal transplantation and various
interventional procedures. Multi-detector CT
angiography offers an accurate depiction of
renal vascular anatomy and should be
employed as a pre-procedural diagnostic tool.
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