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From the Eastern Vascular Society
Moderate hypothermic circulatory arrest with antegrade

cerebral perfusion for the open repair of juxtarenal

abdominal aortic aneurysm repair with shaggy aorta
Yamini Vyas, MD,a Jane M. Chung, MD,a Yakov L. Elgudin, MD, PhD,b and Jae S. Cho, MD,a Cleveland, OH
ABSTRACT
Shaggy aorta is severe luminal surface degeneration of the aorta leading to an increased risk of plaque destabilization
and embolization to the peripheral or visceral vessel beds. It represents a challenging clinical entity for both endovascular
and open repair owing to potential atheroembolization, increased early morbidity and mortality, and poor long-term
survival. Patients may be denied repair owing to its high risks. Herein, we present a novel approach to open repair of a
juxtarenal abdominal aortic aneurysm with shaggy aorta using moderate hypothermic circulatory arrest with antegrade
cerebral perfusion and concurrent flowmodification to mitigate the risk of atheroma embolism. (J Vasc Surg Cases Innov
Tech 2025;11:101643.)
Shaggy aorta (SA) refers to severe luminal surface
degeneration of the aorta with a characteristic irregularly
shaped and spiculated aorta on computed tomography
angiography (CTA). It may be associated with atheroma-
tous embolization, termed SA syndrome (SAS).1 Not sur-
prisingly, SA is more prone to embolism-related early
adverse events and poor long-term survival after both
open and endovascular aortic repairs (EVARs).2-8 It has
been identified as an independent predictor for spinal
cord injury, cerebral and peripheral embolization, and
death after aortic interventions. As such, patients with
SA are often denied a repair. Herein, we present a novel
approach to open abdominal aortic aneurysm (AAA)
repair for a patient with SA using moderate hypothermic
circulatory arrest and antegrade cerebral perfusion. Con-
sent for publication was obtained from the patient.

CASE PRESENTATION
A 72-year-old woman presented with an incidentally discov-

ered asymptomatic 7.5-cm juxtarenal AAA on CTA (Fig 1, A).
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The descending thoracic aorta was involved with diffuse athero-

sclerosis and circumferential mural thrombosis, consistent with

SA (with a very high shaggy score9 of 22) along with severe ste-

nosis of the left renal artery (Fig 1, B and C). Her past medical his-

tory was notable for chronic obstructive pulmonary disease

secondary to her extensive tobacco use (>50 pack-years), hyper-

tension, coronary artery disease, and hypothyroidism. Although

her activities were limited owing to chronic obstructive pulmo-

nary disease, she was otherwise functional and able to perform

her daily activities of living.

Owing to the extensive atheromatous changes of her aorta

with shaggy score of 22, she was deemed a poor candidate for

either EVAR or open surgical repair (OSR). The atheroma burden

in the paravisceral and descending thoracic aorta prevented any

aortic clamping. After discussion at a multidisciplinary aortic

center conference with our cardiac surgery colleagues, the joint

decision was made to proceed with OSR using total cardiopul-

monary bypass (CPB) withmoderate hypothermic circulatory ar-

rest (MHCA) and antegrade cerebral perfusion (ACP) to mitigate

the risk of atheroembolization and neuroischemic complica-

tions. Right axillary artery-common femoral vein circuit was cho-

sen for CPB because it also allows ACP during circulatory arrest.

Common femoral artery cannulation was to be avoided to pre-

vent retrograde flow and the attendant risk of cerebral embo-

lism, especially in this patient with SA. Back-bleeding into the

aorta during ACP would be controlled by clamping the innom-

inate and the left common carotid artery via suprasternal expo-

sure of these vessels.

Through a transperitoneal midline abdominal incision, the

supra-superior mesenteric artery (SMA) aorta, SMA, and bilateral

renal and bilateral common iliac arteries were isolated and

dissected free (Fig 2, A and B). Due precautions were taken dur-

ing dissection of the pararenal and suprarenal aorta to minimize

the risk of atheroembolism. The left renal vein was preserved

andmobilized fully by ligating the left adrenal and lumbar veins.

The right common femoral vein was accessed percutaneously
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Fig 1. Preoperative computed tomography reconstructions of descending and abdominal aorta with extensive
shaggy morphology and abdominal aneurysm in (A) sagittal view, (B) axial view of descending thoracic aorta,
and (C) axial view of infrarenal aorta with severe stenosis of left renal artery.

Fig 2. (A) Complete operative exposure with bypass circuit (RCFV access and RAA), suprasternal, and midline
transperitoneal incisions. (B) Abdominal aortic exposure through transperitoneal approach (white arrow notates
cephalad direction). (C) Close up of suprasternal incision used to obtain control of the great vessels to prevent
backbleeding. (D) Completion of aortic repair with left renal bypass (white arrow notates cephalad direction).
RAA, Right axillary artery; RCFV, right common femoral vein; RRA, right renal artery; LRV, left renal vein; SMA,
superior mesenteric artery.
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Fig 3. Comparison of preoperative (left) and 6 months postoperative (right) computed tomography angiog-
raphy (CTA) (axial views) showing atheroma-free paravisceral abdominal aorta with patent renal bypass graft.
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and a 22F cannula placed at the atriocaval junction under echo-

cardiographic guidance (Fig 2, A).

Under full heparinization, the right axillary artery was cannu-

lated with an 18F cannula. The innominate and left common ca-

rotid arteries were exposed through a suprasternal incision

(Fig 2, C). The patient was placed on CPB and systemically

cooled down to bladder temperature of 22�C. After 35 minutes

of cooling, MHCA with ACP was initiated by clamping the

takeoff of the innominate artery and the left common carotid ar-

tery. The flow was decreased to approximately 1 L/min. No

changes were noted with cerebral oximetry.

Control was obtained of the SMA and bilateral renal arteries to

prevent atheroembolism during removal of the atheroma. The

aorta was opened and transected between the right and left

renal arteries (the right was more proximal of the two). Endarter-

ectomy of the pararenal aorta was effected and the friable

atheromatous debris from the paravisceral aorta removed

manually and with suction evacuation. A 20-mm woven poly-

ester graft was sewn onto the aorta incorporating the right renal

artery into the anastomosis. After de-airing, the graft was

clamped and CPB flow rate returned to normal with full

rewarming instituted after an appropriate period of cold reper-

fusion. The remainder of aortic reconstruction was effected in

the standard fashion, including the left renal artery bypass graft-

ing with a 6-mm graft (Fig 2, D).
The total circulatory arrest time was 25 minutes and pump

time was 162 minutes. Her postoperative course was uneventful

with no evidence of atheroembolism or neurological complica-

tions. She was discharged to home on postoperative day 7. At

the 9-month follow-up, she was clinically well and abstaining

from cigarette use since the operation. CTA showed intact repair

with notably atheroma-free paravisceral aorta and patent renal

bypass graft (Fig 3).

DISCUSSION
This case report, to the authors’ knowledge, is the first to

describe the use of MHCA with ACP during OSR of jux-
tarenal AAA with SA. MHCA with ACP obviates the
need for aortic cross-clamping, thereby mitigating the
risk of atheroma destabilization and embolization while
maintaining brain perfusion.
Kazmier first coined the term SA in 19891,2 to describe

the peculiar aorta with soft, mobile, and grumous
atheroma that may be complicated by spontaneous pe-
ripheral and visceral atheromatous embolization, known
as SAS. SAS needs to be differentiated from other
embolic disease processes that can be readily managed,
including (1) embolic lesion from the atrium, or aneu-
rysms that can be managed by thrombectomy and anti-
coagulation or aneurysm repair and (2) blue toe
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syndrome, which often results from isolated atheroscle-
rotic ulcerative lesion often found in the superficial
femoral artery that can also be treated surgically. In
contrast, there is no effective treatment for SAS.8 Antico-
agulation therapy is thought to be contraindicated for
SAS.2,10-14 Statins have been shown to be effective in
atheroma regression in AAA.15 However, the rapidity
and extent of regression to allow aortic cross clamping
remains to be seen.
Furthermore, surgical outcomes for patients with SA

are inferior to those without.2-7 SA has been identified
as an independent risk factor for stroke, spinal cord
ischemia (SCI), renal and mesenteric embolization, lower
extremity embolization, skin infarction, and death after
aortic interventions, either open or endovascular.3-8,16,17

Aortic manipulation, aortic cross-clamping and
unclamping during OSR, and instrumentation with
wires, catheters, sheaths, and devices during EVAR can
cause destabilization and embolization of the atheroma.
It also seems that higher the atheroma burden, higher
the risk of postoperative adverse events.3,7,9,18 Maeda
et al9 reported a statistically higher shaggy score (7.9 vs
2.0) in patients who suffered embolic complications after
TEVAR. Similarly, Huynh et al7 observed a higher shaggy
score (9.3 vs 4.1; P ¼ .06) in patients who experienced SCI
after branched EVAR.
Although the risks of embolization are significant with

both EVAR and OSR, open repair is thought to be prefer-
able to endovascular if a repair was needed.2,17,19 To miti-
gate the risk of embolic complications, several
intraoperative adjunctive maneuvers or techniques
have been used successfully for thoracic aortic pathol-
ogies with SA, including MHCA with ACP, intermittent
visceral and/or carotid artery clamping, and extracorpo-
real circulation circuit to filter the atheromatous
debris.6,20,21 However, no adjunctive maneuvers or tech-
niques have been reported for abdominal aortic pathol-
ogies with SA and patients are often denied a repair.22,23

MHCA and ACP proved to be an innovative approach to
mitigate the risk of atheroembolic event during OSR of
AAA for our patient who was deemed to have prohibitive
risk for EVAR with shaggy score of 22 and not a candi-
date for a standard OSR. CPB with MHCA and ACP offers
several advantages: (1) obviate the need to cross clamp
the aorta; (2) allow a bloodless field to inspect and
remove atheroma; and (3) protect the central nervous
system by maintaining cerebral perfusion and hypother-
mic spinal cord protection. The protective effects of
MHCA against SCI during TAAA repair have been well
demonstrated by Kulik et al.24
CONCLUSIONS
This report demonstrates that MHCA with ACP may

provide an effective means of mitigating the risk of athe-
roembolization during open repair of AAA with SA in
select patients in whom traditional OSR or EVAR carries
prohibitive risk of embolic complications.
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