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Can we reduce the risk of perioperative stroke from

aortic atheroma?
Central Message

In this paper, we review the current understand-

ing of atheromatous disease of the aorta and

strategies for perioperative stroke prevention

in patients undergoing cardiac surgery.
Video clip is available online.
Perspective

Atheromatous disease of the aorta occurs

frequently in patients undergoing cardiac sur-

gery and poses a significant risk for periopera-

tive stroke. The risk of stroke from aortic

atheromamay be reduced with an increased un-

derstanding of atheroma characteristics and

pathogenesis, risk factor modification, imaging

identification, alterations in surgical technique,

and use of embolic protection devices.

See Editorial Commentary pageXXX.
STROKE AFTER CARDIAC SURGERY
Despite continued improvements in patient outcomes af-

ter cardiac surgery, stroke remains one of the most feared
and devastating complications of cardiac surgery and is esti-
mated to occur in 1.2% to 1.6% of patients undergoing cor-
onary artery bypass grafting (CABG).1-3 The incidence of
stroke increases for other common cardiac surgical
procedures, and contemporary studies from the Society of
Thoracic Surgeons database have reported perioperative
stroke rates of 1.4% for mitral valve repair,4 1.5% for aortic
valve replacement,5 2.1% for mitral valve replacement,4

and 6.6% for proximal aorta replacement.6 Stroke remains
one of the most important contributors to postoperative
morbidity and mortality and has been associated with 5-
year survival rates of 60% or less.1,7 In addition, stroke
after cardiac surgery has been demonstrated to cause
increased hospital mortality, increased duration of
hospitalization, and may contribute up to 4 billion dollars
in additional health care–related costs per year.1,7,8
ATHEROMATOUS DISEASE OF THE AORTA AND
THE RISK OF STROKE

Aortic atherosclerosis is linked pathogenically with
chronic inflammatory responses to injury of the arterial
smooth muscle and endothelium and is morphologically
characterized by the formation of intimal plaque and lipid
deposition, fibrous proliferation, calcification, and necrosis.9

The presence of aortic atheroma has been well established as
an independent predictor of central nervous system (CNS)
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events in the general population and is as important as tradi-
tional contributors to embolism, such as left atrial thrombus,
carotid lesions, and atrial fibrillation.10 Although surgery it-
self is a risk factor for stroke, the additional contribution of
aortic atherosclerotic disease in patients undergoing cardiac
surgical intervention cannot be understated. There are a num-
ber of intuitive mechanisms by which cardiac surgical oper-
ations may induce embolization: aortic manipulation,
cannulation, crossclamping, and side clamping, among
others. Accordingly, many studies have demonstrated a
link between aortic atherosclerosis and postoperative CNS
injury after cardiac surgery.1,7,8 In 1996, The Multicenter
Study of Perioperative Ischemia reported the results of a
prospective multicenter analysis of 2108 patients
undergoing elective CABG surgery and found that
proximal aortic atheroma was the strongest independent
predictor of stroke, with an odds ratio of 4.52.8 Since then,
multiple other studies have confirmed a 3- to 4-fold increased
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risk of perioperative stroke after cardiac surgery in patients
with atheroma or calcification of the proximal aorta.1,7,11
ATHEROMATOPOGRAPHY
Atheromatous disease is a regional process explained in

part by variations in hemodynamics (Figure 1),12 and the
risk of stroke after cardiac surgery may be altered by a pla-
que’s location. In a meticulous analysis of stroke risk
related to proximal aorta plaque location, van der Linden
and colleagues11 demonstrated that the precise location of
proximal aorta atheroma significantly altered the degree
of stroke risk. The authors developed a topographic odds ra-
tio map for late stroke based on disease located in 12
different segments of the ascending aorta. Although disease
located in the proximal ascending aorta and along the ante-
rior surface carried no increased risk, plaque located in the
distal ascending aorta and the lesser curvature carried up to
a 5-fold greater risk of late stroke. In multivariate analysis,
they demonstrated that the extent of atheromatous disease
was a strong predictor of late stroke but that plaque in key
‘‘high-risk’’ zones, including the distal ascending aorta
and the lesser curvature, were far more predictive.
FIGURE 1. As blood velocity decreases near the wall of the aorta, LDL

deposition increases. V, Velocity; LDL, low-density lipoprotein.
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Although it remains unknownwhy atheroma in these high-
risk zones wasmoremalignant than plaque in the proximal or
anterior ascending aorta, the authors speculated that
increased flow velocity in these regions may dislodge loose
atheroscleroticmaterial, whichmay have been slightlymobi-
lized by earlier surgical maneuvers.11 It should be empha-
sized that these high-risk zones in the distal ascending aorta
and lesser curvature are themost difficult to assess bymanual
palpation or transesophageal echocardiography (TEE). The
authors estimated that patients with such high-risk anatomy
comprised up to 10% of the cardiac surgical population.

ATHEROMA CHARACTERISTICS
Careful research has resulted in improved characteriza-

tion of pathologic plaques of the aorta. In addition to plaque
location—plaque thickness, morphology, and mobility inde-
pendently influence the likelihood of early and late stroke.
The standard cut-off for ‘‘at-risk’’ plaque thickness has
been established at 4 mm or greater, with plaques 4 mm or
greater associated with a 4-fold increased likelihood of
stroke and a linear increase in stroke seen with increasing
plaque thickness.10 Similar to plaques in the coronary ar-
teries, plaque instability is likely an even stronger risk factor
for rupture and embolic stroke than plaque thickness.
Vulnerable aortic plaques have been identified echocardio-
graphically by the presence of increased hypoechoiety,
calcification, and ulceration. Lastly, several studies have
shown that mobile plaques (Figure 2) represent an extremely
high-risk lesion and may increase the likelihood of stroke
several-fold compared with nonmobile plaques.13

STROKE PREVENTION IN THE PERIOPERATIVE
SETTING

Stroke in the perioperative setting is prevalent, but some
events may be preventable.14 The risk of stroke is multifac-
torial and can be divided into modifiable and nonmodifiable
risk factors. Nonmodifiable risk factors include age, sex, so-
cioeconomic status, and genetics.15,16 Modifiable risk
factors include comorbid disease, the type and technique
of surgery, perioperative management, the experience of
the surgical team, and the complexity of the surgical case.

The first step in preventing perioperative stroke is to opti-
mize comorbid diseases. After diet, exercise, and glucose
control have been implemented, appropriate therapy with
lipid-loweringmedications can help reduce global atheroma
burden. It has been shown that statins reduce the size of
atherosclerotic plaques, and a retrospective matched-pairs
analysis demonstrated that statin therapy resulted in a
17% reduction in the absolute risk of stroke among patients
with severe atheromatous disease of the aorta.17 However,
randomized controlled trials have produced conflicting re-
sults on the ability of immediate preoperative statin therapy
to reduce the risk of stroke after cardiac surgery.18 The use of
antiplatelet or anticoagulation medications is similarly
y c - 2017



FIGURE 2. Intraoperative transesophageal echocardiographic images from a patient with a complex aortic atheroma (oval). These 3 time-lag short-axis

images of the transverse aortic arch demonstrate the mobile nature of a portion of the lesion (arrow).
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controversial. Aspirin therapy administered within 48 hours
of CABG surgery was shown to reduce the rate of stroke in a
large, prospective study.19 A small number of retrospective
studies also found benefit to oral anticoagulation with
warfarin in patients with mobile aortic plaques,13 although
these findings have not been replicated or reproduced uni-
formly in patients undergoing heart surgery.

IMAGING MODALITIES
The traditional gold standard for detecting aortic

atheroma is epiaortic ultrasound (EAU), which is performed
VIDEO 1. Case 1: short-axis view (best viewed on repeat with Windows

Media Player). Intraoperative epiaortic ultrasound scanning demonstrating

normal ascending aorta before aortic cannulation in a 60-year-old woman

undergoing coronary artery bypass grafting. Video available at: http://

www.jtcvsonline.org.
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by positioning an ultrasound transducer directly on the aorta
after sternotomy (Videos 1 and 2).20 Manual palpation and
TEE (Figure 2) also have been used to detect aortic
atheroma but have consistently underperformed when
compared with EAU. Manual palpation of the aorta occurs
in most cardiac surgeries requiring cardiopulmonary
bypass, and TEE frequently is used to assess cardiac struc-
ture and function before and after a procedure, making these
modalities very convenient. However, manual palpation
may cause plaques to embolize, and adequate visualization
of the highest-risk zones in the ascending aorta and aortic
arch are limited with TEE because of tracheal shadow.20
VIDEO 2. Case 1: long-axis view (best viewed on repeat with Windows

Media Player). Video available at: http://www.jtcvsonline.org.
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VIDEO 3. Case 2: short-axis view (best viewed on repeat with Windows Media Player). Epiaortic ultrasound scanning identified a large shelf of calcified

posterior plaque in the distal ascending aorta/proximal arch in a 77-year-old woman undergoing coronary artery bypass grafting and aortic valve replace-

ment. Ultrasound was used to identify and select sites for aortic cannulation, crossclamping, aortotomy, and proximal anastomoses in areas of unaffected

ascending aorta well away from the posterior shelf. Video available at: http://www.jtcvsonline.org.
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Studies have estimated that the sensitivity of manual palpa-
tion for detecting atheroma may be as low as 25%.21 The
sensitivity of TEE is, unfortunately, only marginally bet-
ter.21 Minor disadvantages of EAU are that it lengthens sur-
gical time, requires expertise and training in its use, and it
can only provide information intraoperatively after commit-
ting to an incision. For these reasons, EAU has not been
adopted on a large scale. Recent guidelines set forth by
the American Society of Echocardiography and the Society
of Cardiovascular Anesthesiologists attempt to standardize
intraoperative EAU examinations and provide rationale for
its routine use in cardiovascular surgeries.20

Data supporting the use of EAU to identify at-risk pa-
tients have come largely from retrospective studies. The
first study to explore the impact of EAU on postoperative
stroke found that aortic scanning before CABG resulted
in modification of the planned surgical procedure in 31%
of patients (Videos 3 and 4). Those with the most severe dis-
ease suffered the greatest postoperative mortality but did
not have increased incidence of stroke in the early postop-
erative period.22 The authors suggested that EAU appropri-
ately identified patients at high risk for postoperative stroke
and led to alterations in surgical strategy that may have pre-
vented stroke in the greatest-risk patients. A more recent
cohort series demonstrated that routine EAU led to altered
4 The Journal of Thoracic and Cardiovascular Surger
surgical strategy in a much more modest number (4.1%)
of patients.23 A careful study examining perioperative out-
comes found that EAU led to a significantly increased num-
ber of modified surgical plans compared with manual
palpation alone, but embolic load to the brain measured
by transcranial Doppler and postoperative stroke scores re-
mained unchanged.24 In a much larger cohort study, Yama-
guchi and colleagues25 demonstrated that EAU resulted in
0 postoperative strokes among 909 consecutive patients un-
dergoing CABG. If ascending aortic atheroma at least 3 mm
thick was detected, the surgical strategywas altered to allow
for a ‘‘no-touch’’ approach.

It should be noted that newer imaging technologies, such
as A-view TEE, magnetic resonance imaging (MRI), and
computed tomography (CT; Figure 3) demonstrate growing
potential as screening modalities but currently lack the ev-
idence base of EAU. A-view TEE uses a fluid-filled balloon
catheter placed in the trachea to image the ‘‘blind spot’’ of
the aorta that normally is concealed by the tracheal shadow.
Although this technique has shown promise in small
studies, widespread adoption has not occurred, possibly
due to the need for additional training, the cost of the A-
view catheter (Cordatec Inc, Zoersel, Belgium), and con-
cerns with tracheal instrumentation.26 The advantage of
CT or MRI modalities is that surgical decision making
y c - 2017
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VIDEO 4. Case 2: long-axis view (best viewed on repeat with Windows Media Player). Video available at: http://www.jtcvsonline.org.
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may take place far in advance of surgery, allowing for a
change in surgical plan or procedure before incision, as
well as reduced operative time. Disadvantages include
cost and radiation exposure.

Although one study found that CTwas inferior to EAU in
detecting aortic atheroma,27 a more recent meta-analysis
found that preoperative CT imaging significantly reduced
the rate of stroke in patients undergoing primary and reoper-
ative heart surgery,28 and additional randomized controlled
FIGURE 3. Contrast-enhanced helical computed tomography of the chest

in a patient awaiting cardiothoracic surgery. This image demonstrates sig-

nificant atheromatous plaque in the aortic arch, both with (solid arrow) and

without (dashed arrow) calcification.

The Journal of Thoracic and C
trials of preoperative CT imaging are currently underway.29

Although these studies do not prove superiority of CT imag-
ing over EAU, it is likely that preoperative CT imaging will
become the preferred screening modality for many practi-
tioners as these techniques are optimized and accumulate
evidence. Whether these preoperative imaging studies
should be applied to all patients or only select high-risk pa-
tients with risk factors for atherosclerosis also warrants
additional study.

SURGICALTECHNIQUES
In addition to improvements in screening methods,

research also has focused on variations in surgical tech-
niques designed to prevent stroke in patients with atheroma-
tous disease of the aorta. Aortic atherectomy was first
reported by Culliford and colleagues,30 and this technique
has been used successfully in patients with extensive dis-
ease but has not been widely used for patients with mild
or moderate disease. Graft reconstruction of the ascending
aorta and aortic arch also has been studied as a stroke pre-
vention technique and has been shown to be efficacious in
patients undergoing cardiac surgery, especially aortic valve
surgery.31

Instead of removing diseased segments from the aorta,
many investigators have tried to avoid atherosclerotic pla-
ques altogether. Techniques such as off-pump coronary ar-
tery bypass grafting (OPCABG), alternate cannulation
sites, use of single aortic crossclamp techniques, and use
ardiovascular Surgery c Volume -, Number - 5
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VIDEO 5. Case 3: short-axis view (best viewed on repeat with Windows Media Player). Epiaortic ultrasound scanning demonstrated diffuse calcifications

in the anterior and posterior ascending aorta in a 75-year-old man undergoing CABG. The surgical plan was altered to avoid aortic cannulation or cross-

clamping. The patient underwent on-pump beating-heart CABG via right axillary artery cannulation. The left internal mammary artery was grafted to the left

anterior descending artery, and a saphenous vein was sequenced to the obtuse marginal and posterior descending artery distal targets, allowing for a single,

proximal, aortic anastomosis performed with a clampless facilitating device. Video available at: http://www.jtcvsonline.org.
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of fibrillatory arrest have proliferated in an effort to reduce
perioperative stroke. Some groups have found that use of a
single crossclamp reduces perioperative stroke, but a recent
meta-analysis did not confirm these findings.32,33 Alternate
bypass cannulation sites also have been shown to reduce
VIDEO 6. Case 3: long-axis view (best viewed on repeat with Windows Med

6 The Journal of Thoracic and Cardiovascular Surger
stroke, especially when used in concert with EAU to
identify disease-free regions of the aorta (Videos 5
and 6).34,35 Many studies have demonstrated considerable
benefit to OPCABG, and this technique also has been
shown to be safe and further prevent stroke in the
ia Player). Video available at: http://www.jtcvsonline.org.
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FIGURE 4. Commercially available embolic protection devices. A, The Embol-X intra-aortic filtration system (Edwards Lifesciences). B, The CardioGard

Embolic Protection cannula (CardioGard Medical).
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greatest-risk patients.36 Meta-analyses have confirmed the
benefits of OPCABG in the short term, but long-term out-
comes have been less conclusive.37,38

EMERGING TECHNOLOGY: EMBOLIC
PROTECTION DEVICES

To date, 2 devices intended to reduce cerebral emboli
during cardiac surgery have received approval from the
Food and Drug Administration and remain the focus of
on-going comparative effectiveness studies. Both devices
represent modified aortic cannulas with technology for pro-
tecting the brain from showered emboli. The Embol-X
intra-aortic filtration system (Edwards Lifesciences, Irvine,
Calif; Figure 4, A) is an aortic cannula with a collapsible fil-
ter that is deployed in the ascending aorta before crossclamp
removal and captures embolic material released from the
aorta or heart during reperfusion. In a large, multicenter,
randomized controlled trial of 1289 patients undergoing
isolated CABG, aortic valve replacement (AVR), or mitral
valve replacement, particulate emboli were captured suc-
cessfully in 97% of patients who underwent surgery with
the Embol-X device. There were no differences in adverse
events, including death, stroke, or renal failure, between
treated and control patients. However, a subgroup analysis
of patients at moderate-to-high risk for postoperative
morbidity or mortality demonstrated a reduced risk of renal
failure with the Embol-X device.39

The CardioGard Embolic Protection cannula (Cardio-
Gard Medical, Or Yehuda, Israel; Figure 4, B) is a modified
aortic cannula with a suction orifice at the tip intended to
extract solid and gaseous emboli from the ascending aorta
The Journal of Thoracic and C
during all phases of cardiopulmonary bypass. In a small,
multicenter, randomized, controlled trial in which authors
compared the CardioGard cannula (n¼ 27) with control pa-
tients (n¼ 24) undergoing AVR with or without CABG, re-
sults showed a reduced volume of new brain lesions
detected by diffusion-weighted MRI in treated versus con-
trol patients, as well as a lower proportion of patients
(41% vs 66%) with any new brain lesion detected by
diffusion-weighted MRI. However, there were no differ-
ences in clinical end-points between groups, including
stroke, death, major adverse events, or Mini-Mental State
Examination scores.40

Based on these data, a National Heart Lung and Blood
Institute-sponsored Cardiothoracic Surgical Trials
Network clinical trial (#NCT02389894) randomized
383 participants undergoing AVR with or without
CABG to surgery using the Embol-X, CardioGard, or
control cannula in a 1:1:1 ratio.41 The primary end-
point was freedom from clinical or radiographic CNS
infarction at 7 � 3 days after the procedure. Results
demonstrated that neither embolic protection device led
to improvements in freedom from clinical or radiographic
CNS infarction, clinical stroke, the overall volume of
CNS infarcts by MRI, or neurocognitive outcomes as-
sessed at 90 days. However, both devices successfully
captured embolic debris in most patients and led to re-
ductions in postoperative delirium and large volume in-
farcts. Despite not meeting the primary end-point of
reduced perioperative stroke, further study aims to deter-
mine whether there are long-term neurocognitive benefits
from embolic capture.42
ardiovascular Surgery c Volume -, Number - 7
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CONCLUSIONS
Atheromatous disease of the aorta occurs frequently in

patients undergoing cardiac surgery and poses a significant
risk for perioperative stroke. Certain atheroma characteris-
tics such as location, thickness, mobility, and ulceration
have been shown to pose the greatest risk of stroke. Preop-
erative or intraoperative identification of aortic atheroma
may reduce the risk of stroke by allowing for alterations
to the surgical plan. The gold-standard for detecting aortic
atheroma intraoperatively is EAU, and its use has been
shown to decrease the incidence of stroke in the periopera-
tive setting, especially among the greatest-risk patients. Pre-
operative CT imaging is gaining in popularity and can
successfully identify atheromatous disease and allow for
alteration of the surgical plan before the operating theater.
Novel embolic protection devices successfully captured
embolic debris in the majority of patients but failed to
reduce the rate of perioperative stroke in a recent random-
ized clinical trial. These devices remain the focus of
ongoing study and may benefit from further technologic
optimization.
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