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ABSTRACT

Surgical and intensive care patients are at a heightened risk for arterial embolization
due to pre-existing conditions such as age, hypercoagulability, cardiac abnormalities and
atherosclerotic disease. Most arterial emboli are clots that originate in the heart and travel
to distant vascular beds where they cause arterial occlusion, ischemia, and potentially
infarction.Other emboli form on the surface of eroded arterial plaque or within its lipid
core. Thromboemboli are large clots that dislodge from the surface of athesclerotic lesions
and occlude distal arteries causing immediate ischemia. Atheroemboli, which originate
from fracturing the lipid core tend to cause a process of organ dysfunction and systemic
inflammation, termed cholesterol embolization syndrome. The presentation of arterial
emboli depends on the arterial bed that is affected. The most common manifestations
are strokes and acute lower limb ischemia. Less frequently, emboli target the upper
extremities, mesenteric or renal arteries. Treatment involves rapid diagnosis, which may
be aided by precise imaging studies and restoration of blood flow. The type of emboli,
duration of presentation, and organ system affected determines the treatment course.
Long-term therapy includes supportive medical care, identification of the source of
embolism and prevention of additional emboli. Patients who experienced arterial embolism
as a result of clots formed in the heart should be anticoagulated. Arterial emboli from
atherosclerotic disease of the aorta or other large arteries should prompt treatment to
reduce the risk for atherosclerotic progression, such as anti-platelet therapy and the use
of statin drugs. The use of anticoagulation and surgical intervention to reduce the risk
of arterial embolization from atherosclerotic lesions is still being studied.
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INTRODUCTION

Complications of arterial embolism are a leading cause
of disability and death in the United States. Arterial
embolism results when a mass of tissue or a foreign
substance travels through the vascular tree, ultimately
lodging in a distal artery where it obstructs blood flow.
This obstruction leads to ischemia, organ dysfunction
and potential infarction. Manifestations of this complex
disease include medical and surgical emergencies such
as stroke, acute limb ischemia, mesenteric ischemia
and renal failure. Despite many advances in diagnosis
and management, arterial embolic disease continues
to challenge clinicians, while contributing greatly to
morbidity and mortality.

The surgical and critical care population is especially
vulnerable to arterial embolism. Many such patients are
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already at increased risk due to pre-existing comorbidities
such as age and heart disease. The increased stress
response, stasis, dehydration and inflammatory processes
associated with surgery and critical illness further increase
chances of thrombus formation in the heart or vascular
tree.l"! Patients taking anticoagulating medications due to
atrial fibrillation (AF), mechanical heart valves or other
indications are commonly instructed to stop taking them
perioperatively to reduce the risk of bleeding. Such factors
put them at especially high risk for thrombus formation, !
and it is these thrombi that are at the core of subsequent
embolic events. Furthermore, since the majority of emboli
occur in patients with significant underlying disease,
the patient’s underlying comorbidities increase the risk
of therapeutic interventions, and may limit the options
available for restoring blood flow to the ischemic area.

Considering the morbidity and mortality associated with
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arterial embolic phenomena, clinicians in the intensive
care unit, as well as those providing care to perioperative
patients need to be familiar with embolic disease to
facilitate risk stratification, prevention, early recognition
and appropriate treatment both in the immediate and
long-term settings. This article aims to provide a review
of arterial embolic disease and provide a diagnostic and
management scheme for arterial embolism. While arterial
embolic events can in certain cases be caused by entrained
air, dislodged tissue (tumor for example), or clots crossing
over from the venous system via a right to left shunt, this
review will focus on the more common causes such as
embolization from the heart and arterial tree.

Pathophysiology

Embolic vessel occlusion

The majority of arterial emboli originate in the left heart
where they form secondary to structural or functional
abnormalities.’! Most other emboli originate from the
arterial tree itself.l’! In general, emboli that originate more
proximally in relation to the heart have more potential
targets available to them. Thus clots originating in the
heart or the aortic arch can potentially embolize to any
arterial branch in the body. Conversely, atherosclerotic
plaque formed in more distal arteries such as the carotids
are far more likely to embolize to the brain - causing
strokes or transient ischemic attacks (TIA’s), while
plaques in the infra-renal aorta are far more likely to cause
lower extremity ischemia.l”? Retrograde embolization
may occasionally occur during the late diastolic flow
reversal seen with decreased heart rates. This process is
believed to allow large descending aortic plaques to cause
strokes.” The ultimate probability of an embolus reaching
any specific arterial bed is determined by the relative
amount of blood flow that bed receives and the anatomy
of the arterial branches supplying that area.®! Larger
emboli tend to lodge at points of acute narrowing such
as arterial bifurcations or areas of luminal stenosis,®’]
whereas smaller emboli may travel distally to lodge in
tiny arterioles.!'!

Although arterial embolic disease shares many features
with arterial thrombosis, there are important distinctions.
Differentiating an acute embolic event from an acute
thrombotic event is in fact one of the conundrums
faced by medical practitioners. Both processes typically
affect individuals with risk factors for heart disease
and peripheral arterial disease.!''! Often, embolic and
thrombotic diseases may coexist in the same patient.
In situations such as limb ischemia, making the correct
diagnosis early may allow for expedited care. Acuity of
presentation is perhaps the most important distinction
between the two processes. Because arterial thrombosis
is a gradual process that presents with ischemia in its
late stages, patients often have time to develop collateral
flow to the ischemic region. However, individuals with
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embolic ischemia usually do not have time to build
collateral circulation and therefore often present with
more sudden and severe symptoms such as threatened
limb loss.[*d

Cardiac sources of arterial emboli

As noted above, most arterial emboli originate in the
heart. In the past, valvular damage from rheumatic heart
disease (RHD) was responsible for most cardiac embolic
sources. However, as the incidence of RHD has decreased
and the population ages, AF has become the most
common source of arterial emboli.'® The most frequent
manifestations of cardiac embolic events are strokes
and transient ischemic events.® Clots formed in the left
side of the heart also account for 55-87% of emboli to
peripheral arteries?'*'> and most emboli to the viscera.!
Long-term systemic anticoagulation, typically with a
vitamin K antagonist such as warfarin, greatly reduces
the probability of cardiac thrombus formation in high
risk patients. Unfortunately, many patients worldwide
are not adequately treated, putting them at high risk for
arterial thromboembolism.!

During AF stasis of blood in the left atrium predisposes
to clot formation within the left atrial appendage. These
thrombi can range in size from a few millimeters to 4cm
and are found in 5 to 14% of patients with AF lasting
more than two days. Generally, all patients with
AF due to valvular pathology such as mitral stenosis
(except those with a strong counter-indication) should
be anti-coagulated due to their high risk for stroke and
other embolic events.!'”! For patients with non-valvular
AF the CHADS?2 scoring system is the most commonly
used model for predicting the annual risk of stroke. The
scoring system is an acronym that assigns point values for
various independent risk factors associated with embolic
stroke. One point is assigned for each of the following:
C - congestive heart failure, H - hypertension, A - age of
75 years or older, D — diabetes Mellitus. Two points are
assigned for S — prior stroke, TIA or thromboembolism.
This system’s simplicity and wide clinical applicability
allow it to be used routinely in making the decision
to start anticoagulation."® A less commonly assessed
factor is atrial clot morphology as visualized with
echocardiography. A “mobile ball” configuration for
example is much less common than a “fixed ball” or
“mound” configuration, but when seen on echo, it carries
a much higher risk of embolization than the other two.™

Patients that have paroxysmal AF have a risk of stroke
approximately as high as those who persistently remain
in AF and thus should be treated the same." Even after
successful conversion to a normal sinus rhythm, the risk
of embolization persists for anumber of days.*” Since AF
is often asymptomatic®! patients presenting in normal
sinus rhythm but with evidence of thromboembolism
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should have their risk factors for AF assessed with a
detailed history, physical examination and potentially
echocardiography.

Other described cardiac sources of emboli are mitral and
aortic valve disease, atrial myxomas (or other intra-cardiac
masses), endocarditis, left ventricular thrombi (typically
caused by impaired contractility) and prosthetic heart
valves. Most of these diagnoses can be directly diagnosed
or suggested by echocardiography.l'**! The individual
contribution of each of these cardiac pathologies to
arterial embolic disease as a whole is difficult to determine
given their relatively low prevalence. Furthermore, since
these conditions frequently co-exist with each other (for
example valvular disease and AF) separating each one’s
relative contribution to in a clinical setting is difficult.
Dag et. al examined sources of peripheral emboli in 822
patients and attributed 80% of embolic sources to the
heart. Further analysis determined that 76% were due
to AF and valvular disease, 1.2% due to endocarditis,
1.2% due to cardiomyopathy and 1.5% due to cardiac
tumors.”! In another series of 397 patients 50% had AF,
8% had another cardiac conduction abnormality, 14% had
valvular heart disease and 11% had cardiac insufficiency
as a likely source.!"”!

The aorta as the primary source of arterial emboli
Aortic atherosclerotic plaque is another leading
source of embolic disease.l®] Although the findings
of atherosclerosis were published as early as the 18"
century by pathologists like Albrecht Haller (1708-
1777),1 and it has been suggested at least since 1862
that atherosclerotic plaque may contribute to arterial
occlusions, the opportunity to observe these lesions in
a living patient only presented itself recently with the
arrival of modern imaging technology.®!As late as 1989
up to 40% of patients with the clinical manifestations of
embolic stroke were classified as having an undetermined
cause if they did not have carotid disease or AF.[?*
Transesophageal echocardiography (TEE), computerized
tomography (CT), and magnetic resonance imaging
(MRI) allowed the visualization of plaques in the aorta
of living patients. This soon led to the identification of
such plaques as a significant third cause of stroke and
other embolic phenomena.!

Aortic plaque is an extension of atherosclerosis in other
arteries, and thus has many of the same risk factors -
namely age, male gender, family history, hypertension,
hypercholesterolemia, smoking and diabetes. There is
also an association with elevated levels of homocysteine,
hypercoagulable states, elevated inflammatory markers
such as C-reactive protein, and being Caucasian.!
Overlap in risk factors for aortic plaque, carotid disease,
valvular disease and AF results in the coexistence of these
disease states in many patients. This has led some to
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question the role of aortic plaque in embolic events.[*7]
However, most analyses suggest that aortic plaque is an
independent contributor to stroke and other emboli.[=!

The prevalence of aortic plaque was assessed by TEE in
the Stoke Prevention: Assessment of Risk in a Community
(SPARC) study. Aortic plaque in any location was found
in almost 44% of a relatively unselected sample of 588
patients averaging 67 years in age.? Complex plaque,
defined as plaque at least 4mm thick or having a mobile
component, was seen in 7.6% of the population. This
complex plaque is more likely to cause embolic events.!
The amount of total and complex plaque increased as the
aorta was evaluated from proximal to distal. Thus, the
ascending aorta had the least and the descending aorta
had the highest frequency of both regular plaque and
complex plaque.

The American Heart Association classifies aortic plaque
into stages I-VI based on histology.*? Stages I through
[II represent earlier phases of lipid accumulation within
the walls of arteries and may begin in childhood and
adolescence. These stages typically remain clinically
silent and the associated lesions do not show up
on common imaging modalities. In contrast, the
advanced stages, IV through VI, typically develop
later in life and are visible on both CT and ultrasound
examination. During these phases extra-cellular lipid
continues to build up, leading to fibrosis, calcification
and inflammation. These processes create complex
atherosclerotic lesions that ultimately weaken the
endothelial wall. As the endothelium weakens, turbulent
blood flow can cause plaque erosion (also called
rupture). Erosions expose the thrombogenic contents
of the plaque to platelets and coagulation factors
precipitating the formation the intra-luminal thrombus
which defines stage VI plaque.l®

Aortic plaque can give rise to two different types of
emboli — thromboemboli and atheroemboli (also called
cholesterol embolization syndrome - CES) [Table 1].
Both types of emboli originate from the same source
and can present simultaneously in the same patient, but
they differ in composition and clinical manifestations.
Thromboemboli, which are 20 to 45 times more common
than atheroemboli,'**! are fragmented pieces of thrombus
from the surface of an ulcerated plaque.?! These
fragments tend to be larger than atheroemboli and thus
present with the sudden occlusion of a medium to large
vascular bed. In such circumstances organ ischemia is
maximal at the onset of symptoms. Atheroemboli on the
other hand are cholesterol crystals from the lipid core of
arterial plaque. They are smaller particles that tend to be
released in repetitive “showers. ” Atheroemboli occlude
smaller arterioles (typically under 200 micrometers in
diameter) and trigger an inflammatory process that
may present as fever and malaise. “Blue toe syndrome”
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is a classic example of an atheroembolic phenomenon.
In general, the presentation of thromboembolism tends
to be sudden and unilateral, while the presentation
of atheroembolism tends to be subacute, bilateral and
distal.[®! Either type of arterio-arterial embolus can
occur spontaneously; however, embolic events may
also be triggered by trauma, surgery or an intravascular
procedure.

Organ specific manifestations of arterial emboli
Whether an embolus originates in the heart, an artery
or has yet another source, the location of the obstructed
arterial bed determines clinical presentation. Arterial
emboli commonly affect the brain and extremities. Less
frequently they can wreak havoc in mesenteric and renal
arteries. Rarely, small, but highly important vascular beds
like the coronaries or ophthalmic arteries are affected.
The next section will discuss arterial emboli to specific
organs that are commonly affected. Atheroembolism will
be covered separately since its presentation and treatment
are distinct from thromboembolism. The manifestations
and diagnosis of arterial embolism to specific organ
systems is summarized in Table 2.

Table 1: Differences between thromboemboli and atheroemboli

Atheroembolism (cholesterol
embolization syndrome)

Thromboembolism

Composition Fragmented pieces of Cholesterol crystal emboli

thrombus

Origin Surface of an ulcerated Lipid core of arterial
plaque plaque

Relative size Larger Smaller

Sudden occlusion of a
medium to large vascular
bed; Often unilateral

Initial
presentation

Repetitive waves or
“showers” of emboli,
occlude smaller arterioles;
Often bilateral

Single or multiple organ
dysfunction with a
systemic inflammatory
response

Typical Clinical
manifestation

Isolated organ
dysfunction, ischemia

Immediate Thrombolysis or Supportive care
Treatment embolectomy to restore

blood flow followed by

systemic anticoagulation
Long term Anticoagulation or Atherosclerosis risk factor
management antiplatelet therapy, modification

atherosclerosis risk factor
modification

Neurologic manifestations of emboli

Strokes and transient ischemic attacks (TIA’s) are the most
important clinical manifestations of arterial emboli. Stoke
is the 4" most common cause of death and the leading
cause of disability in the United States.™ Worldwide, 15
million people suffer stroke each year; approximately one
third of these strokes are fatal.* Compared to thrombotic
strokes, embolic strokes are on average more likely to
cause disability or death because they result in the sudden
occlusion of a main cerebral artery.>*! The actual extent
of neurologic findings largely depends primarily on the
location of the infarct. A secondary factor is the caliber of
the vessel occluded which often determines the size of the
infarcted territory.’! Transient ischemic attacks (TIA’s) are
episodes of cerebral ischemia that result in a neurologic
deficit which resolves in less than 24 hours (typically
lasting no more than 12 minutes). TIAs by definition
leave no sign of neuronal damage on subsequent imaging.
Non-valvular AF is alone responsible for 45% of embolic
strokes, ! which translates into 15-20% of all strokes.”]
Valvular disease, plaque in the carotid arteries, aortic arch
and descending aorta make up the bulk of the remaining
embolic sources.

A clinical history and examination, showing the acute
onset of a painless neurologic deficit, form the basis for
the diagnosis of stroke or TIA. Patients presenting with
symptoms of stroke must quickly have other potential
diagnoses such as conversion disorder, hypertensive
encephalopathy, hypoglycemia, complicated migraine,
and post-seizure paresis ruled out.?® Neurologic imaging
isindicated primarily to rule out intracranial hemorrhage,
which follows a different treatment algorithm.*! The
treatment of ischemic stroke, whether thrombotic or
embolic, is supportive care and rapid consideration of
techniques to restore blood flow to the affected area.!*”

Supportive care consists of avoiding further neurologic
injury from hypoxia, hypotension, malignant hypertension,
fever, hypoglycemia and hyperglycemia. This may require
admission to the intensive care unit for large strokes
causing intracranial hypertension or smaller strokes that
affect areas of the brain involved in respiration and airway
protection. Restoration of blood flow is achieved most

Table 2: Clinical manifestations and diagnosis of arterial embolism

Body system Clinical signs and symptoms Laboratory findings Preferred radiographic modality Diagnosis

Affected

Brain Painless acute onset of a neurologic CT to rule out hemorrhagic stroke. Stroke or TIA
deficit MRI to show affected area

Limbs Pain, loss of normal sensation and Elevated WBC Angiography Acute limb ischemia
later loss of motor function; cold,
pale extremity; distal pulse not
palpable

Mesentery Abdominal pain, nausea, vomiting;  Elevated WBC, elevated High resolution CT Angiogram or  Bowel ischemia
sometimes diarrhea lactate traditional Angiogram

Renal Back or flank pain Elevated WBC, elevated LDH, CT Angiogram or Conventional

hematuria, eosinophiluria Angiogram
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commonly through the administration of intravenous
thrombolytics such as t-PA.[*! Although this technique
is widely used, its effectiveness diminishes with stroke
duration and carries the risk of hemorrhagic conversion.
Thrombolysis is typically indicated within four and a half
hours of symptom onset.*"*? Intra-arterial thrombolysis
therapy may be considered within six hours of symptom
onset.[*?l Overall recanalization rates with t-PA are
approximately 45%; however, they can be much lower
when larger arteries are occluded, as is the case with many
embolic strokes.” Other intra-arterial measures such as
clot extraction are becoming increasingly available at
certain centers."®!

Immediate care for an embolic stroke is followed by
risk factor modification, secondary stroke prevention
and prevention of comorbidities. Recommendations
include daily aspirin administration within 48 hours
of stroke onset, treatment of elevated lipid levels, deep
vein thrombosis prophylaxis, prevention of aspiration,
provision of adequate nutrition, physical therapy, and
smoking cessation.>*! Unlike in other embolic events,
the use of systemic anticoagulation with heparin or
low-molecular weight heparin in the immediate period
(within 48 hours) after a stroke is not recommended due
to the high risk of intracranial hemorrhage.*! Systemic
anticoagulation with a vitamin K antagonist can be
started after 24 hours in patients with AF since they are
at risk for recurrent cerebral embolization. However,
this is an area of uncertainty, and waiting for two
weeks may be advisable for patients with large strokes,
poorly controlled hypertension or other risk factors for
intracranial hemorrhage.™

Emboli to the limbs

Limb ischemia is the second most common cause of
morbidity and mortality from arterial embolic disease.
Although the incidence of peripheral arterial embolism
has decreased due to wider use of anticoagulation
and decreasing rates of RHD,! it is still a significant
cause of morbidity and mortality. Emboli to the lower
extremities are about four times as common as emboli to
the upper extremities.’! The introduction of the Fogarty
Embolectomy Catheter in 1963 allowed minimally
invasive technique and local anesthesia to be used for
embolectomy.’*! This now standard treatment for arterial
embolism1*162241 glong with improved perioperative
care, has greatly reduced both mortality and morbidity
over the last several decades.*9*]

In 1985 Tawes et al. published a series of 739 patients
with lower extremity thromboembolism treated over
20 years.! Comparing his experience with an earlier series
by Blaisdell et al. published in 1978, he demonstrateda
reduction in mortality from 25% to 12% and a decrease
in the amputation rate from 40% to 5%. He credits this
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improvement to earlier recognition and treatment,
better medical management of co-existing comorbidities
and postoperative anticoagulation with heparin. These
findings have resonated in more recent literature as well.
A multivariable analysis of 346 patients published by
Hu in 2011 showed that duration of ischemia, severity
of ischemia and the type of therapeuticintervention
(embolectomy was the most effective) were the most
important factors in determining outcome after acute
arterial thromboembolism.!" Duration of ischemia
over six hours was found to increase the risk of limb
loss considerably (odds ratio 40).! In another series,
12 hours of ischemia time increased the risk of amputation
dramatically. Modern rates of amputation or severe
loss of function range from 5-23%.114!>4! Predictably,
fasciotomy rates also vary (2. 3 to 14%) since many are
performed expectantly.”!¢? There is a higher rate of
amputations of lower extremities than upper extremities
due to better collateral circulation around the site of
occlusion in the upper limbs.?!

Recent mortality rates due to arterial emboli range from
4 to 15%.191413431 As expected, patients with arterial emboli
have multiple risk factors for perioperative morbidity and
mortality. One typical patient population studied had an
average age of 69 years. Within this group 55% of patients
had peripheral arterial disease, 47% had coronary artery
disease, 28% had cerebrovascular disease, 46% had
diabetes mellitus, 56% had HTN, 40% had hyperlipidemia
and 69% used tobacco. Other predictors of morbidity
and mortality include coexisting bowel ischemia [relative
risk (RR) - 6. 7], poor preoperative functional status
(RR 4. 3), cardiacinsufficiency (RR 2. 4) and renal disease
(RR2.1).™ Causes of death included myocardial infarction
(MI) and other cardiac complications, pneumonia, renal
failure and sepsis with multi-organ-system failure.l'>*
Morbidities outside of limb loss included heart failure,
M]I, stroke, respiratory failure, renal insufficiency,
pulmonary emboli, bowel ischemia and infections.['

Patients with acute limb ischemia due to arterial embolism
and arterial thrombosis from plaque rupture present with
very similar clinical pictures. The classical complaints
are pain, loss of normal sensation and later loss of motor
function. The extremity often appears pale, is cold to the
touch and a distal pulse is not palpable. In spite of these
similarities in presentation, the treatment for these two
conditions is significantly different. As already stated,
embolectomy is the treatment for an embolic occlusion;
whereas more complicated techniques such as arterial
angioplasty, thrombolysis and possibly arterial bypass
are the treatments for arterial thrombosis.*”! The gold
standard to differentiate between these two scenarios
is an angiogram, [Figure 1] but clinical clues may also
help distinguish the two allowing for better triage of
these patients. (1). Patients with embolic occlusions
more frequently have anormal peripheral pulse on the
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contralateral side (71 vs. 31%), more frequently present
with AF (32 vs. 3. 4%) or another embolic source (such as
rheumatic mitral stenosis) and usually have more severe
manifestations of limb ischemia (threatened limb loss
56 vs. 14%; gangrene 19 vs. 7%). Conversely, patients with
thrombotic occlusions are more likely to have risk factors
for peripheral arterial disease such as DM (45 vs. 20%),
HTN (55 vs. 28%), hyperlipidemia (38 vs. 7%) and more
commonly have a history of claudication (52 vs. 3%). (1)

After embolectomy immediate anticoagulation is
important for continued arterial patency and reduction
of clot propagation. If peripheral artery angioplasty
with or without stenting is required to maintain vessel
patency, long-term aspirin or clopidogrel therapy is also
recommended.* Long-term therapy after immediate
reperfusion is dictated by the origin of the embolism.
Hence, a search must be undertaken to identify this source
of the embolism. Identification of the embolic source and
long-term management are addressed later in this article.

Emboli to the mesenteric arteries

Bowel ischemia is a relatively uncommon but dreaded
complication of arterial embolism. It requires early
recognition and emergent treatment. However, even
with modern care, the mortality rate for this condition
is approximately 40%.%48! Most intestinal ischemia
is non-thrombotic, but is instead caused by low flow
states, mechanical obstruction of mesenteric vessels or
disruption of the arterial supply by trauma, surgery or
aneurysm.”* Embolic obstruction makes up about 30% to
50% of the thrombotic causes or approximately10 to 15%
of all bowel ischemia.*®*! Most emboli to the mesentery
lodge in the superior mesenteric artery. Its wide angle of
origin and parallel course to the aorta makes it the most
likely destination for emboli.”! Most large thrombi will
lodge in the first three to eight centimeters of the vessel,
often leaving the proximal jejunum well perfused.*”

The typical presentation may be non-specific, especially

Figure 1: Emboli in left superficial femoral artery and profundafemoris artery

82 International Journal of Critical Illness and Injury Science | Vol. 3 | Issue 1

in the elderly population that is at highest risk for
embolic occlusion. The most common complaints are
abdominal pain (95% of cases), nausea (45%), vomiting
(45%) and sometimes diarrhea (18%).°**! Laboratory
tests are not very sensitive or specific, but can include
leukocytosis, elevated amylase, elevated creatinine and
elevated lactate. However, normal laboratory tests donot
rule out bowel ischemia. Traditionally the diagnosis has
been made with angiography, but in recent years, high
resolution CT angiography has become the modality of
choice.® In addition to having a high sensitivity (93%)
and specificity (100%) for arterial occlusion, CT can
demonstrate perforation or other abdominal pathology.!*!
Diagnosis by surgery, with the use of intra-operative
arterial duplex ultrasonography, can be an option when
the patient displays peritoneal signs and time is critical.

Treatment of embolic mesenteric occlusion centers
on early recognition and restoration or perfusion.
Patients should be taken to surgery for emergent
embolectomy and resection of any necrotic bowel.l>#454
When restoration of blood flow is not possible through
embolectomy alone, a bypass from the aorta or iliac
vessels may be undertaken. Frequently, a “second-look”
surgery is necessary to confirm viability of the remaining
intestine 24 to 36 hours later. Such an approach allows
for more conservative resection of potentially salvageable
bowel during the first procedure. In select patients, where
infarcted or perforated bowel is unlikely, endovascular
embolectomy or clot aspiration may be a justifiable
option.”! This may be more desirable in patients who
are poor surgical candidates. Systemic thrombolysis is
rarely undertaken in these situations as it may delay
the restoration of blood flow to the ischemic area. After
restoration of blood flow, systemic anticoagulation is
recommended to maintain vessel patency and reduce the
risk of further embolization.®*! Less commonly an intra-
arterial vasodilator, such as papaverine may be used.

Emboli to the renal artery

Thromboemboli to the renal arteries are much less
common than embolic strokes or embolic limb ischemia.
Smaller thromboemboli and atheroemboli may often
go unrecognized and stay clinically silent. However,
renal emboli should always be considered when a
patient develops new or worsening renal failure after
an endovascular procedure in the suprarenal aorta.!®!
Larger thrombi, such as those, originating in the heart,
may cause occlusion of the main renal artery or its
larger branches. Occlusions of larger vessels result in
wedge shaped infarcts that may present with flank,
back or generalized abdominal pain, which is sometimes
accompanied by nausea.”**!! Laboratory findings may
include proteinuria, hematuria, eosinophiluria, elevated
lactate dehydrogenase (LDH) and elevated creatinine.>*!
An LDH value above 600 IU/L in the setting of flank or
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back pain is a sensitive and specific marker for renal
infarction.! The definitive test for embolic occlusion
of the renal artery is an angiogram, but high definition
CT angiography is a sensitive,increasingly performed
modality, especiallyfor more distal emboli.”! Ultrasound
is becoming more widely used in this setting as well due
to the benefit of avoiding a contrast load in a patient who
may already have compromised renal function.

No clear consensus exists about the optimal management
of renal embolic disease. Systemic anticoagulation,
fibrinolysis, and surgical embolectomy have all been used
with success. Although early diagnosis and treatment
are critical in all cases of arterial emboli, even delayed
restoration of blood flow to the kidney has allowed for
return of some renal function.®? This may be due to
collateral perfusion through ureteral, supra-renal and
perirenal arteries or simply due to incomplete occlusion
of the renal artery itself. A review of 41 cases of renal
artery embolism recommended surgical embolectomy
for patients who have occlusion of the main renal artery
and no contraindication for surgery.”" Fibrinolysis was
recommended for patients that have more distal, intra-
renal emboli or those who are poor surgical candidates.
Systemic anticoagulation was reserved for patients who
were considered to be too high risk for either surgery
or fibrinolysis and those patients with distal emboli
and no evidence of renal impairment.!! Systemic
anticoagulation is recommended in all patients with
embolic renal occlusion after restoration of blood flow.

Atheroembolism

As with thromboembolism, the manifestations of
atheroembolism (also called cholesterol embolism
syndrome) depend on the affected vascular bed.
However with cholesterol embolization syndrome
(CES) multiple organs are often affected simultaneously.
Many instances of CES may be missed due to their non-
specific presentations. Showers of cholesterol crystals to
the brain can result in confusion and memory loss rather
than a focal neurologic deficit. Fundoscopic evaluation
in these cases may reveal Hollenhorst plaques, which are
yellow cholesterol particles at branch points of retinal
arteries. Skin manifestations of CES are seen in 35-96%
of cases. Typical skin findings (in order of decreasing
frequency) include livedoreticularis, gangrene, cyanosis,
ulceration, nodules and purpura.” Renal dysfunction
from CES may be triggered acutely by a procedure or
happen spontaneously as an acute, subacute, or chronic
process. Gastrointestinal manifestations can present as
slow bleeding from microscopic erosions and abdominal
pain from an unclear source.

The diagnosis of CES should be suspected in a patient
with atherosclerotic risk factors who presents with
constitutional symptoms such as fever, myalgia,
anorexia and fatigue as well as signs of inflammation
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and organ dysfunction. Laboratory studies may
show an elevated erythrocyte sedimentation rate,
hypereosinophilia, eosinophiluria, elevated C-reactive
protein, hypocomplementemia, thrombocytopenia
and leukocytosis.!®! Treatment in the acute setting is
largely supportive. Anticoagulation is not advised,
unless supported by another indication, since it may
actually precipitate further cholesterol embolization.®
Long-term management revolves around risk factor
modification (as discussed below) to reduce additional
atheroembolic events.

Determining the source of arterial embolism

Once the diagnosis of arterial embolism is established
(or strongly suspected) and the immediate ischemic
complications are addressed, it is important to identify the
embolic source in order to prevent potential recurrence.
Ultrasound evaluation, including echocardiography, and
computerized tomographic angiography (CTA) are the
most commonly used modalities for this search. In the
setting of stroke carotid duplex evaluation is necessary
to look for arterial stenosis or plaque. However, since the
vast majority of emboli to all parts of the body originate
in the heart, echocardiography has become a cornerstone
of the evaluation of patients with suspected embolism.>

Atrial fibrillation, left ventricular (LV) thrombus (from
LV dysfunction, LV aneurism or cardiomyopathy),
cardiac tumors, rheumatic valve disease, endocarditis,
mechanical cardiac valves, mitral valve prolapse, mitral
annular calcification, atrial septal aneurysms, patent
foramen ovale, calcified aortic stenosis, giant Lambl’s
excrescences, and aortic atherosclerotic plaque are all
potential embolic sources that can be rapidly diagnosed
by echocardiography. Transthoracic echocardiography
(TTE) is in most cases the initial test of choice for detecting
cardiac embolic sources.” In most cases TTE can identify
the embolic source or suggest the responsible pathology
indirectly. For example TTE may not directly show LV
thrombus, but it may show a low ejection fraction or
spontaneous echo contrast that suggests the presence
of clot. The addition of echo contrast to TTE further
increases the diagnostic accuracy in such cases.

Transesophageal echocardiography (TEE) can be helpful
as a supplemental test if a cardiac or proximal aortic
source is suspected but not identified by TTE.” TEE offers
improved sensitivity and specificity when the diagnosis
is uncertain. In one review of patients with peripheral
embolic events, TTE demonstrated a direct cardiac source
or a suspected cardiac source in 38% of patients while
TEE identified a source or a potential source in 85%. This
resulted in a change in management in 47% of patients that
required TEE after TTE was indeterminate.?? Conversely,
another review of a similar group of patients TEE did not
identify additional sources but did help rule out potential
findings suggested by TTE.[']
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Echocardiography plays an important role in assessing
valvular sources of embolism and should be performed
in all cases of suspected infective endocarditis (IE). It may
be useful both for the diagnosis of IE in patients with
unexplained arterial embolism, and for the prediction of risk
of embolism in patients with known IE. Transesophageal
examination is necessary after a negative TTE if there is a
high level of clinical suspicion for IE. TEE provides superior
imaging in suspected prosthetic valve endocarditis, and
when TTE provides inadequate imaging.® Signs of
restricted leaflet motion, abnormal central regurgitation,
loss of physiologic regurgitant jets in mechanical valves, or
direct visualization of thrombus formation can help identify
the embolic source. Because of its better sensitivity, TEE
should be performed in patients with a prosthetic valve
and an embolic event, if TTE is negative.

There are specific cases when TEE is clearly superior
to TTE. TEE is clinically indicated to exclude thrombus
in the left atrium prior to cardioversion. TEE is also
necessary to fully define underlying cardiac pathology
before invasive surgical procedures on the heart such as
left atrial ligation or valve repair. Additionally TEE can
be helpful in patients with AF who experience recurrent
embolic events in spite of appropriate anticoagulation.
In such circumstances TEE may show residual clot in the
heart prompting adjustment of therapy™! or reveal yet
another source such as aortic arch atherosclerosis. For
example, the presence of large thrombus (>0.8 cm?) on
a prosthetic valve favors surgery or thrombolysis rather
than anticoagulation due to a high risk of embolization.[*”

When the embolic source is not found in the heart or aorta
with echocardiography, CTA can be used to visualize the
entirety of the aorta and other large arteries.!’ CTA can
show areas of large atherosclerotic plaque, dissections or
aneurysms that are hidden from ultrasound evaluation by
air containing structures like the trachea and bowel gas.
Although CTA as well as traditional angiography allow
a more comprehensive evaluation of the arterial tree TEE
is more sensitive at identifying thoracic aortic plaque!®!
Magnetic resonance imaging angiography is a newer
modality that has not yet been adequately compared to TEE.

Long-term management of arterial embolism

Embolism from a cardiac source

In February of 2012 the American College of Chest
physicians published evidence-based clinical practice
guidelines addressing the short and long term
antithrombotic therapy and prevention of thrombosis
in a variety of patient populations at risk for thrombotic
and embolic events.*? These guidelines form the basis of
preventing arterial embolization from a cardiac source
in patients with AF, rheumatic valve disease, prosthetic
valves, endocarditis, and other cardiac conditions. A
complete synopsis of these guidelines is outside the scope
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of this article but a brief summary is provided below.

According to the guidelines, patients with AF, including
those with paroxysmal AF and those undergoing
rhythm control with an antiarrhythmic agent, should
be anticoagulated if they have a CHADS2 score of 1 or
more. Long-term anticoagulation is also recommended
for patients with mitral stenosis who have additional risk
factors for embolism (such as AF, a left atrial diameter
> 55 mm, or existing thrombus) as well as patients with
mechanical mitral or aortic valves. A limited 3 month
course of anticoagulation is recommended for patients
with bioprosthetic mitral valves, but not bioprosthetic
aortic valves. The guidelines also make recommendations
for patients with AF who require antiplatelet agents
like aspirin and clopidogrel for indications such as
coronary artery disease and coronary stents. These
recommendations are based on assessments of the
relative risk for bleeding, coronary thrombosis and
embolism. Of note dabigatran is now the recommended
agent for outpatient management of non-valvular AF,
while a vitamin K antagonist (VKA) such as warfarin
is still the preferred agent for most other outpatient
indications with a goal INR of 2. 0-3. 0.

Arterial emboli from a non-cardiac source
Long-term management of embolic events due to
aortic embolization includes risk factor modification,
medical therapy and rarely surgical intervention.
Risk factor modification includes smoking cessation,
blood pressure control, control of blood sugars in the
setting of diabetes mellitus, and lipid management.®
These measures may retard further atherosclerotic
progression and consequently reduce the risk of further
thromboembolism or atheroembolism. The goals of blood
pressure control are a systolic pressure less than 140
and a diastolic pressure less than 90mm Hg. This can be
achieved through diet, weight loss and blood pressure
medications. Lipid goals are low density lipoprotein
cholesterol (LDL) of less than100 mg/dl and at least a
30% total reduction of LDL. The overall non-high density
lipoprotein cholesterol also should be decreased to a
level based on the patient’s triglyceride concentration.
This can also be achieved with a combination of life-style
modification and medical therapy.F®

Medical therapy for aortic embolism includes antiplatelet
therapy, statin therapy (which may already be indicated for
risk factor modification), and potentially anticoagulation.
Guidelines from the American College of Cardiology and
the American Heart Association recommend antiplatelet
therapy with aspirin (75-325 mg daily) or clopidogrel
(75 mg daily) in patients with symptomatic atherosclerotic
disease of the lower extremities.’! Although there is no
large study evaluating this recommendation in patients
with arterial embolism from aortic disease, anti-platelet
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therapy is advisable since many of these patients also
have peripheral occlusions. The use of anticoagulation is
not currently advised for patients with atheromas of the
aorta, even when there is a large and mobile component.
Small studies have shown mixed results. The Aortic
Arch-Related Cerebral Hazard (ARCH) trial is currently
comparing the use of anti-platelet therapy to full VKA
anticoagulation in patients who have aortic arch atheroma.

For embolic events from the carotid arteries
endarterectomy and stenting have been used to decrease
the risk of further embolic strokes. These techniques
have been tried on a limited basis for embolic disease
originating in the abdominal aorta and iliac arteries.
However at this time there is insufficient evidence to
recommend them for general use.

SUMMARY

Acute arterial embolism is a heterogeneous disease whose
presenting features, treatment and outcome depend on
the source of the embolism, the type of embolism and the
target organ affected. Most emboli originate from the heart,
typically as a consequence of AF. Other embolic sources are
diseased or prosthetic heart valves, left ventricular mural
thrombus, intra-cardiac tumors and atheroscleroticlesions
in the vascular tree. Emboli from atherosclerotic plaque
can take two forms. The more common and larger form
is thromboembolism which is a dislodged clot from the
surface of the vascular plaque. The less frequent and smaller
form is atheroemboli which are cholesterol crystals form the
core of the lesion. The former tend to block larger arteries
causing abrupt arterial occlusion, while the latter lodge in
distal arterioles triggering an inflammatory reaction.

Arterial emboli manifest with organ dysfunction,
demanding immediate recognition and therapy. The
two most common sites for embolic events are the brain
resulting in strokes and the lower extremities. Strokes
present as a painless neurologic deficit, while acute
embolic limb occlusion presents with a cold, painful
limb. Less frequent targets are upper extremities,
mesenteric vessels and the renal arteries. Except in the
case of strokes, there are no strictly defined time limits
for attempting reperfusion, but in general, the longer
reperfusion is delayed, the greater the ischemic damage to
the organ. Ischemia can ultimately lead to infarction and
consequently increases morbidity and risk of mortality.

Treatment of thromboembolic events consists
of immediate reperfusion through thrombolysis,
embolectomy and sometimes arterial bypass. This is
usually followed by systemic anticoagulation to prevent
further embolization or clot propagation in partially
reperfused areas. Atheroembolic events generally do
not require reperfusion or anticoagulation, but due
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warrant antiplatelet therapy. Long-term, management
requires an attempt to identify the origin of the embolus
and prevention of further embolic events. This can take
the form of risk factor modification, long-term systemic
anticoagulation or antiplatelet therapy, the use of statins
and rarely surgical intervention to correct the pathology
responsible for the embolic event.
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