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Foreword

Worldwide, there are nearly 250 million major surgical procedures performed
annually. Despite generally excellent outcomes, associated health complications and
consequences to individuals and health systems are significant. Within the overall
subset of morbidity, embolic diseases feature very prominently. Such events range
from the arterial to the venous emboli, from preoperative “incidental” findings to
postoperative acute emergencies.

Embolic phenomena (EP) are known to affect key anatomical structures, from the
brain to the heart, and can be present in a variety of settings, from pregnancy to
war. In essence, emboli can be characterized as “non-stop concerns” and “sources
of fear” for lay people and physicians alike. An embolism may be defined as the
intravascular lodging of an embolus or vascular blockage-causing fragment, but

it is not only that. An embolus is more than a fragment, it is a life-changing event
for individuals and their families, and an economic burden to institutions, com-
munities, industry, and governments. It is a round of biological consequences shot
through society by Mother Nature. Consequently, the healthcare practitioner must
not only be aware of diagnosis and treatment, but also understand the true global
impact of EP from the perspectives of an individual patient, the health system, and
the greater community.

My experiences in intensive care units run the gamut from very small institutions
to well-recognized major medical centers, as well as those not only in the United
States, but also in China, India, and Europe. I have also had the opportunity to
participate in many local, national, and global public health efforts regarding com-
munity health problems and challenges, and while physicians and other healthcare
providers may view emboli and embolism as a medical entity, they are also a public
health problem with significant consequences. The authors of this text wish for you
to know the nature and impact of emboli, and while the subject cannot be covered
in its entirety from every aspect, the reader will be left better educated and with an
indelible impression of the enormity of the problem.

This book provides a sampling of many of the problems encountered by healthcare
providers in their day-to-day practice of medicine in regard to emboli. The over-
view provided by this text will be most valuable to those experienced in the care of
patients as well as novices. The topics covered are of consequence to those in pri-
mary care as well as those who practice in the acute care or intensive care environ-
ments. The editors of this book have had considerable experience and involvement
with the topics addressed, and have dedicated their professional lives to the care of
the critically ill patient. Their choice of topics is to provide the healthcare provider
with an overview of wide-ranging clinical situations to equip you, the reader, with
tools to help the patient, and for you to better understand the ramifications of this
pathology to society in general.



It is my hope that the examples provided to the reader in this important book will
provide a solid clinical foundation in some of the vascular diagnoses that plague our
patients, both in and out of the intensive care unit, and in the perioperative period.
I commend the editors and individual chapter authors on their effort and product,
and I believe that these materials will enhance patient care and outcomes, and ex-
pectantly assist in lessening the burden to families and the community.

Respectfully submitted,

Thomas J. Papadimos, MD, MPH, FCCM, FAIM
Professor, Division of Critical Care

Department of Anesthesiology

The Ohio State University Wexner Medical Center
Columbus, Ohio, USA



Preface

An embolism is defined as the intravascular lodging of an embolus or a vascular
blockage-causing fragment. Emboli are a diverse group of pathological objects that
travel within blood vessels, including blood clots or thromboemboli, air bubbles

or aeroembolism, fat globules, infected particles or septic emboli, amniotic fluid or
ammniotic emboli, iatrogenically introduced foreign material like a catheter or wire
fragments, and even bullet fragments and shrapnel. The most dreaded complication
of an embolus is either partial or total blockage of blood flow distal to the site of
embolization. This risk is inherent to the process of intravascular embolus migra-
tion, and can be controlled or limited only in cases where proper risk assessment—
based on known predisposing factors—has been completed and appropriate
therapeutic steps (e.g., anticoagulation, treatment of endocarditis) implemented.

Distal embolization can lead to limb, organ, and life-threatening sequelae of
end-organ dysfunction, tissue ischemia, and potential necrosis. In cases of fat or
amniotic fluid embolism, associated neurological sequelae may be devastating and
severe. In fact, as a marker of the severity and complexity of the clinical problem,
even in the absence of obvious neurologic findings, patients who present with a
source of embolism, such as an intracardiac mass, often benefit from neurological
imaging since many patients may have subclinical or silent strokes—a key clinical
finding, critical in medical decision making, treatment, and risk stratification.

Although heterogeneous in their genesis, emboli often constitute a manifestation

of other, concurrent pathological processes. For example, fat emboli are associated
with long-bone fractures and surgical fixation. In another typical example, venous
emboli may begin in the setting of trauma, malignancy, or various other hyperco-
agulable states. Arterial emboli, secondary to untreated atrial fibrillation, constitute
a common emergency, leading to cerebrovascular infarcts and bowel and acute limb
ischemia. Less common, but not less concerning, are left ventricular clots, often
resulting from apical wall-motion abnormalities related to a previous myocardial
infarction, which may present in a similar fashion.

Septic emboli originate from a variety of infectious foci, including endocarditis,
prosthetic implants, soft tissue infections, and abscesses. If not recognized
promptly, affected patients can suffer devastating systemic and neurological
sequelae. Air emboli are most often iatrogenically induced. Due to their rarity,
providers who are more likely to encounter air emboli in their practices must remain
vigilant whenever in a situation prone to these uncommon phenomena. Foreign
body emboli, whether iatrogenic or traumatic, constitute an acquired group of
conditions. A phenomenon that is becoming better understood is the concept of

a paradoxical embolism in which a venous source, such as a deep vein thrombosis,
migrates across an intracardiac shunt or arteriovenous malformation and enters
into the systemic, arterial, circulation. As such, whenever cases of paradoxical
embolism are encountered, a search for venous-to-arterial shunting should be
pursued and factored into the next steps. Finally, amniotic fluid embolism—one of
the most devastating and poorly understood embolic phenomena—continues to be



associated with prohibitively high morbidity and mortality. Consequences of such
occurrences can be truly catastrophic, with both short-term and long-term impacts
on the patient and her family.

Many of the salient points emphasized throughout this book reflect the ongoing
challenges and frustrations experienced by frontline clinicians. When embolic com-
plications emerge, management is focused on treating the complication. The editors
would like to emphasize how critical it is to identify and address the causative fac-
tors. Once a source of the embolus (or emboli) is identified, options for treatment
are caged in discussions regarding the risks and benefits of various therapeutic
options. When potential sources of embolisms are identified in the course of imag-
ing for other reasons, discussions regarding clinical management are much more
complicated—the decision to intervene, often with potentially high-risk treatments,
on an asymptomatic patient cannot be taken lightly in the setting of the significant,
and often life-long, implications of therapy in the context of the unknown risks

for watchful waiting and hoping that a devastating embolic complication does not
evolve or recur.

While our knowledge and scientific data on some causative pathologies is well
established, many cases are nuanced and complicated not only by clinical manifes-
tations of embolism but also by the inability to safely obtain a “tissue diagnosis” or
ascertain greater diagnostic certainty. Consequently, in most instances both evalu-
ation and treatment must be highly individualized. It is crucial to understand that
therapies for very similar problems can often be very different based upon patient risk
factors and comorbidities. For example, the management of a pulmonary embolism
from a deep vein thrombosis after an orthopedic procedure is substantially different
than a similar embolism in a patient with a known or newly diagnosed hyperco-
agulable state—such as lupus or an antiphospholipid antibody syndrome. A treat-
ment plan for a young patient with a fat embolism following orthopedic surgery
without any neurologic sequelae will be very different than the management of

a young woman with an amniotic embolism who suffered from massive bilateral
hemispheric strokes. Both patients will require highly individualized approaches,
although their care will likely involve longer-than-expected hospital stays with a
requirement for intensive care unit admission.

The primary goal of this book is to provide an overview of the most common types
of embolic phenomena encountered in clinical practice, including certain key
diagnostic and therapeutic considerations. Among the topics featured in the current
collection are highly pertinent, up-to-date contributions in the areas of pulmonary
embolism, fat embolism, embolic complications of non-malignant cardiac tumors,
acute arterial embolism in the lower extremity, thrombophilia in pregnancy, bullet
and shrapnel embolization, coronary artery embolization, as well as a comprehen-
sive review of certain interventions utilized in the management of thromboembolic
disorders.

When measured in terms of both human and financial costs, broadly defined
embolic phenomena have a tremendous impact on individual patients, healthcare
systems, and society around the globe. The introductory chapter provides a power-
ful overview of both economic and non-economic impacts of various types of
embolism. Through our collaborative academic effort, of both the editorial team
and the individual chapter authors, we hope to provide the reader with a valuable
resource and a meaningful new insight into the gravity of the collective problem.
Among other salient takeaway points is the ongoing dilemma of diagnostic relativity
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and frequent uncertainty when managing embolic complications. Consequently,
much more progress is required before any sort of “clinical victory” is declared in
this important area of medicine and surgery.

Stanislaw P. Stawicki, MD, MBA, FAIM
St. Luke’s University Health Network,
Bethlehem, Pennsylvania, USA

Michael S. Firstenberg, MD, FACC, FAIM
The Medical Center of Aurora,
Aurora, Colorado, USA

Mamta Swaroop, MD, FACS, FICS, FAIM
Northwestern University,

Feinberg School of Medicine,

Chicago, Illinois, USA
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Chapter1

Introductory Chapter: Defining
the True Global Impact of Embolic
Phenomena

Samantha Wolfe, Stanislaw P. Stawicki, Mamta Swaroop,
Jennifer C.B. Irick and Michael S. Firstenberg

1. Introduction

In the realm of medical practice, the word “embolism” has many implications
to many people [1, 2], with most providers instinctively placing this word within a
negative context [3-5]. Derived from the Greek word, éupolopdc, this term most
literally means “interposition” [6]. Yet regardless of how benign the etymology
may be, the clinical context is quite the opposite—synonymous with much dreaded
morbidity and mortality [1, 2, 7-10]. Whether the embolus consists of a blood clot
[8], a fat globule [11], a bubble of gas [12], amniotic fluid [9, 10], or even an iatro-
genic or traumatic foreign body [13, 14], the unfavorable connotations persist even
if the patient has few or no associated symptoms and requires no intervention.

The primary goal of this book is to provide the reader with an overview of
the most common types of embolic phenomena encountered in clinical practice,
including some of the key related diagnostic and therapeutic areas. The current
collection of chapters includes important contributions in the areas of pulmonary
embolism (PE), fat embolism (FE), embolic complications of nonmalignant cardiac
tumors, acute arterial embolism (AAE) of the lower extremity, thrombophilia in
pregnancy, bullet and shrapnel embolization (BSE), and coronary artery emboliza-
tion (CAE), as well as a comprehensive chapter on venous interventions utilized in
the management of thromboembolic disorders.

Perhaps the best way to paint the picture of the tremendous impact of “embo-
lism” globally is to present the human costs and the resources required to treat
various types, manifestations, and complications of embolic diseases. Although
challenging to gather, such information was compiled by our team for the purposes
of this introductory chapter and summarized in Table 1 [12, 14-37]. Although far
from comprehensive, we hope to provide the reader with valuable insight into the
gravity of the collective problem.

2. Embolism types: a synopsis

No discussion of “embolism” can be complete without the discussion of risk
factors, diagnostics including laboratory and imaging tests, and therapeutic
considerations. Here, one must emphasize the importance of looking at the “totality
of evidence,” considering things like clinical suspicion, presence/absence of specific
risk factors, positive/negative predictive values, diagnostic test sensitivity/specific-
ity, and the pre—/posttest probabilities.

1 IntechOpen
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Introductory Chapter: Defining the True Global Impact of Embolic Phenomena
DOI: hitp://dx.doi.org/10.5772/intechopen.90488

2.1 Pulmonary embolism

Initial clinical tests obtained when a patient exhibits symptoms of a PE are com-
monly electrocardiogram (EKG), arterial blood gas (ABG) analysis, and chest X-ray
(CXR). However, none of these studies are sufficiently sensitive or specific for
this diagnosis. Clinical scoring systems such as the Wells or PERC score have been
established but in isolation are not able to diagnose PE [38]; rather, they provide
clinically relevant risk stratification. Based on such risk stratification, it is recom-
mended that a test of exclusion (e.g., one with a high negative predictive value)
such as D-dimer be performed in the setting of low or intermediate clinical prob-
ability of a PE [39]. In the cases where a PE is highly suspected or likely, it is pre-
ferred to proceed directly to imaging such as a computed tomography pulmonary
arteriography (CTPA). The ease of obtaining it, combined with the high predictive
value (92-96%), has placed CTPA as the dominant imaging modality for suspected
PE [40]. In patients unable to receive iodinated contrast, a ventilation-perfusion
(V-Q) scan or a contrast-enhanced magnetic resonance angiography (MRA) may
represent a valid alternative. MRA has a sensitivity of 78% and specificity of 99%.
This imaging study, however, relies on patient participation and compliance, and
therefore a nontrivial proportion of studies will be inadequate to obtain sufficient
level of diagnostic accuracy [40]. Once diagnosed, the treatment of PE involves
systemic anticoagulation, with more invasive measures such as thrombolysis or
embolectomy performed in patients with significant hemodynamic instability,
respiratory decompensation, or acute right ventricular dysfunction [37].

2.2 Fat emboli

Fat embolism syndrome (FES) differs in that there is no reliably accurate diagnos-
tic or imaging test. Rather, the diagnosis is primarily clinical [11]. Multiple scoring
systems exist which utilize the findings of petechiae, respiratory symptoms, fever,
tachycardia, and radiographic changes with these either being identified as “major”
or “minor” in magnitude or assigned a value on a pre-determined scale [11, 21, 41].
The lack of an imaging confirmatory test, however, makes it difficult to evaluate the
true diagnostic accuracy or sensitivity of these indices. Ultrasound and echocar-
diography have been used to detect circulating fat globules; however, several studies
suggest that a much higher percentage of patients with long bone fractures have
circulating fat globules than previously thought, and only a fraction of these patients
develop symptoms or FES [21, 42]. Computed tomography (CT) and magnetic reso-
nance imaging (MRI) have been used, often with few abnormal findings reported.
Treatment is mainly supportive and consists of intravenous fluids, respiratory sup-
port, and other forms of symptomatic management as appropriate. Medications such
as steroids, heparin, alcohol, and dextran have not been proven beneficial [21].

2.3 Amniotic fluid embolism

Amniotic fluid embolism (AFE) is another condition that requires a high degree
of clinical suspicion, as the diagnosis is based on a heterogeneous constellation
of symptoms [9, 10]. AFE should be suspected in any case of sudden maternal
cardiovascular collapse with accompanying coagulopathy, hypotension, seizures,
or distress, with no other clearly identifiable cause [43-45]. There are currently no
truly reliable laboratory tests that are diagnostic of AFE [46]. Detection of formed
amniotic fluid components (epidermal squamous cells, meconium, or lanugo hairs)
in the maternal pulmonary blood flow is sufficient for histologic diagnosis of AFE
[20]. Unfortunately, in many cases AFE goes unrecognized until these findings are
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Embolism type
(alphabetical)

Risk factors

Air emboli [12, 16, 17, 48]

Venous catheterization, removal, manipulation, unintended
disconnection

CABG on CP bypass
Craniotomy, especially in sitting position

Fistulization between air filled viscus and vessel (aortoesophageal,
atriobronchial)

Traumatic or iatrogenic pulmonary alveoli-venous fistula
PFO, VSD (for paradoxical air emboli)

Hemodialysis, cell saver transfusion

Amniotic fluid [19, 20]

Multi-fetal pregnancy, placenta previa, placental abruption, eclampsia
Uterine rupture
Cell saver blood transfusion

Induction, C-section, fetal distress, cervical laceration/trauma, instru-
ment delivery

Maternal age > 35 years

Fat emboli [24, 49, 50]

Long bone fracture (pelvis, femur)
Joint arthroplasty

Percutaneous vertebroplasty
Liposuction, fat grafting

CABG

CPR

Organ transplant (lung, renal)
Bone marrow transplant or harvest
Chronic corticosteroid use

Severe burn

Iatrogenic foreign body [14]

Guidewire—placement of central line, improper technique, or failure to
control guidewire during procedure (more likely in emergency situa-
tions, inexperienced staff, inadequate supervision)

Catheter—fracture of catheter secondary to repetitive mechanical stress,
damage during removal, and improper connection during placement

Coils—improperly sized or placed coils; tortuous vessels; usage of
angioplasty balloon for deployment

Peripheral emboli [28-30]

PFO in setting of venous thrombosis
Atrial fibrillation

History of central or peripheral atherosclerosis

Pulmonary embolism
(PE) [51]

Trauma
Prolonged hospitalization/immobility
Malignancy

Central venous catheterization, venous thrombosis, thrombophilia

CABG = Coronary artery bypass grafting; CP = Cardiopulmonary; CPR = Cardiopulmonary resuscitation; PFO =
Patent foramen ovale; VSD = Ventricular septal defect.

Table 2.

Listing of the most common risk factors by embolism type.
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seen on autopsy [9, 10]. Treatment is supportive, involving respiratory support,
Cesarean section (if not already delivered), correction of coagulopathy, blood/
blood product transfusion, vasopressors/inotropes, and fluids [9, 10, 43-45].

2.4 Air embolism

The most sensitive test for diagnosing an air embolism is the transesophageal
echo (TEE), detecting as little as 0.02 ml/kg of air administered by bolus injection
[12, 37]. In fact, it has been deemed almost “too sensitive,” in that it will detect air
in circulation that is not associated with any symptoms. A precordial Doppler is also
highly sensitive, detecting as little as 0.25 ml of air (0.05 ml/kg) [37]. It is highly
operator dependent, however, as one must rely on the detection of a change in
sound with air interrupting the blood flow within the cardiac chambers. Much less
sensitive is the pulmonary artery catheter, with a detection threshold of 0.25 mL/
kg of air [47]. Additionally, it is of limited use therapeutically as its small caliber
internal lumen is often insufficient to withdraw air from the chamber as a thera-
peutic maneuver (or at least quickly enough to be truly effective). In the operating
room, the most practical diagnostic tool is a sudden fall in end-tidal CO,, albeit this
is highly nonspecific. Other times, air emboli will go undiagnosed by any formal
means and may well end up being “presumed” based on clinical symptomatology
presenting in a scenario where an air embolus is possible (Table 2).

2.5 Foreign body embolism

The method of detecting a foreign body embolus (FBE) is dependent on the
resting intravascular location of the embolus, which may vary according to the
etiology, object type, and route of introduction [13, 14, 52, 53]. For cardiac emboli,
transesophageal echocardiography (TEE) is commonly used and is beneficial in that
it can also assess for any structural damage associated with such FBEs [54]. This
imaging modality may be limited, however, especially in instances when the emboli
are small, minimally echogenic, located in difficult-to-access locations, or obscured
by acoustic shadowing. In these cases, computed tomography (CT) imaging may
represent a helpful adjunct to determine location and operative or endovascular
plan for removal. CT angiography is also useful for more peripherally located FBEs
[52, 53]. The decision on whether to remove the foreign body is also highly depen-
dent on symptomatology and potential complications of the emboli, especially
when considered in the context of any downstream anatomic structures as well as
immediately surrounding tissues. In the current age, an endovascular approach is
the most common, with open approaches often reserved for failure of endovascular
retrieval. Rarely, an embolus may be left in place if it is unlikely to further migrate
and the patient is asymptomatic, though this does leave the patient at potential risk
for future complications that can occur remotely, even years later [13, 14, 55, 56].

3. Conclusion

Perhaps the most valuable take-away message of this book is that diagnostic
relativity—rather than absolutism—continues to prevail in the realm of “embolic
diseases.” Such is the state of modern medical decision-making in this important
area of active clinical investigation and management. Table 2 summarizes the most
common risk factors, organized by “embolism” type. Compiled from variety of
sources, this information represents an good foundation for clinical discussions
based on diagnostic probabilities.
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In summary, this book represents a collection of contributions by a multidisci-
plinary team of clinicians and medical researchers. The editors’ goal was to solicit the
highest quality contributions from some of the top experts in their respective fields.
We hope we were able to achieve this goal satisfactorily. Ultimately, the book’ read-
ers will be the best arbiters of its success, whether it is determined by the number
of downloaded chapters or the cumulative number of citations attributable to this
collection of chapters. To be able to contribute to the generation and dissemination
of new knowledge in this important area of clinical investigation is a true privilege.
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Chapter2

Fat Embolism: What We Have
Learned from Animal Models

Alan M. Poisner and Agostino Molteni

Abstract

Pulmonary fat embolism may not be diagnosed before unrelated autopsy and
have little clinical impact or lead to acute lung injury with fulminant fat embolism
syndrome (FES). The fat may come from various anatomic locations, bone mar-
row being the most common. There is no specific treatment. This review discusses
animal models that can lead to a better understanding of pathophysiological
mechanisms underlying this condition and indicates the importance of specific
cellular constituents. A hypothesis is postulated that there is a vicious cycle involv-
ing oleic acid and angiotensin II (both of which are pulmonary toxicants): oleic acid
is derived from lipid embolism by pulmonary lipases that are stimulated by angio-
tensin; oleic acid also promotes local generation of angiotensin. The potential role
of fatty acid receptors and the resolution of this cycle are discussed. Studies show
there is potential for long-term effects that might not be revealed in the immediate
post-recovery period. Evidence is reviewed that animals are vulnerable to “second
hit” effects at a time remote from the initial event. Some beneficial pharmacologi-
cal treatments are described. These include different drugs acting on the renin-
angiotensin system (RAS) that could eventually serve alone or in combination for
treatment or prevention. Future therapeutic developments are discussed.

Keywords: fat embolism, lung, renin-angiotensin system, rat, drug treatment,
time course, second hit, animal model, histopathology, triolein

1. Introduction

Fat embolism was described many years ago. As early as 1862 [1] as cited ina
1971 review by Herndon [2], there was a report of fat droplets in the lungs of a
factory worker who died after a crushing injury to his chest and abdomen. The
term “fat embolism” itself includes many types of conditions in which some type of
fatty substance is embedded in a tissue remote from its source. The most common
source is from bone marrow that escapes into the venous system after trauma and
surgery, including bone marrow reaming [3], liposuction [4], fat injection [5], or
necrosis, as in sickle cell disease resulting in acute chest syndrome [6]. There are
also some forms that do not result from trauma or surgery [7]. What distinguishes
fat embolism from other strictly physical forms is that in addition to the physical
obstruction of the vasculature that can accompany the lodging in capillaries, there
are also biochemical consequences in response to the ensuing lipid metabolism and
also pathological processes that are triggered intracellularly after engulfing of the
fat. The most common target for embolic fat is the lung, but other significant sites
include the skin, the eyes, and the brain with subsequent clinical sequelae [8].

1 IntechOpen
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The clinical consequences of fat embolism have been reviewed many times over
the years, including this year [8]. The symptoms may be so minor that they can be
missed [9] or appear after an interval as much as 48-96 h leading to acute respiratory
distress syndrome [ARDS] with mortality ranging from 10 to 15% [8, 9]. This has
been called fat embolism syndrome [FES], sometimes with accompanying CNS [10],
ocular [11] or dermal pathology [12]. Treatment has been supportive: recent reviews
indicate that there is no specific treatment available [8, 12]. Although a patent foramen
ovale is sometimes a contributing factor in systemic consequences of fat embolism, for
instance, in the eye and the brain, this is clearly not the case in most cases of FES.

Therefore, there have been many attempts to produce an animal model in
hopes of delineating the underlying pathophysiology, so specific treatment could
be obtained. Animal models have included rats [13], mice [14], rabbits [15], dogs
[16], sheep [17], pigs [18], and even baboons [19]. While a majority of these studies
have focused on orthopedic-related problems [20], it would help to examine a wide
variety of initiating causes in order to find some common underlying pathophysi-
ological processes. This might lead to more specific methods to treat or prevent
this condition before the array of downstream mediators, such as peptides and
cytokines, have been activated. The aim of this chapter is to review what has been
learned from the diverse animal studies and provide one unifying concept based on
the role of the renin-angiotensin system as a key player in fat embolism syndrome.

2. Studies on bone
2.1 Reaming and nailing

In order to simulate in animals the surgical procedure used in humans that can lead
to fat embolism syndrome, a number of different animals have been subjected to nail-
ing, with or without reaming [3]. It was concluded that more experiments should be
carried out in order to determine the optimal method to perform the surgical proce-
dures. It was also made clear that other factors influence the development of systemic
and pulmonary complications [3]. A comprehensive review of animal studies of
intramedullary nailing concludes that events that may predispose to adverse postsur-
gical impact are important and that studies should take these into consideration [20].

2.2 Bone marrow fat and non-bone marrow fat injection

A number of studies have been carried out with infusions of bone marrow
extracts or non-marrow fat. An excellent review on animal studies of acute lung
injury, which includes oleic acid as a possible model for fat embolism, indicates that
this model does not really mimic the clinical syndrome of FES [21]. In addition, a
study on rats showed that the intravenous injection of oleic acid, unlike neutral fat,
did not result in the deposition of fat droplets [22].

A study on liposuction in rats performed on the lateral flank and the abdomen
showed that fat was delivered to the lungs and other organs [23]. Some animal stud-
ies on fat embolism have utilized subcutaneous fat [22]. This has clinical parallels in
which subcutaneous injection in humans has caused fatal fat embolism [24].

3. Triolein: the prototype fat embolism model

Since neutral fat seems to be the main culprit in fat embolism and is the major
fat in bone marrow and subcutaneous tissues [25] and pulmonary emboli [26], the
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neutral fat triolein has been the most studied in vivo and in vitro. Although a number
species have been studied, the rat has been studied the most, particularly after the
groundbreaking work of L.F. Peltier [27-29]. He studied fat embolism in cats and dogs
but mostly in rats. This work included description of the fat content of bone marrow
and body fat, distribution of labeled triolein after iv. injection, changes in blood and
lung lipase after embolism, kinetics of the phenomena, and other studies in animals
and patients. Some advantages of triolein studies in the rat are described below.

3.1 Advantages of triolein and our model

Triolein [glyceryl trioleate] is available as a pure liquid that can be injected iv.
directly or after emulsification. We have used conscious animals since there are
studies indicating that anesthesia alters pulmonary response to fat embolism [30].
Although oleic acid is a well-known pulmonary toxicant, as mentioned above, it is
not a suitable model for fat embolism syndrome. The conversion of triolein to oleic
acid by pulmonary tissue [31] provides support for the proposed sequence of events
postulated by Szabo [32].

3.2 Findings in the conscious rat triolein model of fat embolism
3.2.1 Time course of changes in pulmonary histopathology

Initial histopathological studies on the time course of triolein-induced lung injury
revealed changes as early as 12-24 h which included thickening of the arterial and arte-
riolar media, mostly with myofibroblasts and inflammation in the septa with increased
numbers of macrophages. Bronchial alveolar lavage (BAL) at 24 h revealed macro-
phages, some of which showed inflammatory response and fat droplets. Inflammation
was still present at 11 days with damage to the bronchial epithelium [33].

Later studies at 3 and 6 weeks showed that after the first peak [48-72 h] and
partial resolution, there were persistent and progressive inflammatory and fibrotic
changes up to 6 weeks after injection of triolein [34]. This was associated with an
increase in angiotensin peptides [34], implicating the renin-angiotensin system
(RAS) in the pathophysiology (see below).

In order to determine if the lungs of the animals at this late time would be
especially sensitive to another pulmonary insult, the animals were exposed to the
known pulmonary toxicant lipopolysaccharide (LPS) at 6 weeks. Forty-eight hours
after this “second hit,” there was an enhanced histopathological response in animals
previously exposed to triolein [35].

These animals had apparently recovered completely at 6 weeks from the initial
triolein treatment as judged by normal weight gain and no observable behavioral
changes. It was concluded that the compromised lungs seen at 6 weeks exposed the
vulnerability of animals long after they had seemingly recovered. The histopathol-
ogy was also found at 10 weeks along with the persistence of some small fat droplets
extracellularly and also in some macrophages [36] [see below].

4. Role of the renin-angiotensin system

Because the renin-angiotensin system (RAS) has been implicated in a wide
variety of other pulmonary experimental models [37, 38], we examined whether this
might hold true for the fat embolism model, and in fact it has since been proposed
that most forms of pulmonary inflammatory disease involve the RAS, but that list
did not include fat embolism [39]. We found that three different agents that interfere
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Figure 1.
Triolein increases lung venin staining: enhanced by captopril and losartan [64].

with the RAS were found to ameliorate the pulmonary damage found at 48 h after
triolein: the angiotensin-converting enzyme (ACE) inhibitor captopril [40], the
angiotensin II type 1 receptor blocker losartan [40], and the renin inhibitor aliskiren
[41]. In addition, it was found that the remaining inflammation that was evident

at 6 weeks was also reduced when losartan was given at this late time period and

the animals were sacrificed 4 weeks later (10 weeks after the initial exposure to
triolein) [36]. These results suggest that angiotensin II, produced by the angiotensin-
converting enzyme (ACE) and acting on the type 1 receptor, is a critical pathological
actor in the pathophysiology of fat embolism both acutely and after a substantial
delay. However, it does not indicate precisely where this peptide comes from or how
it is formed. All of the components of the RAS have been found or implicated in the
lung [42]. Possible players in its formation prior to ACE activity could be renin or
prorenin that is catalytically active when bound to its receptor [43]. Furthermore,
other angiotensin peptides with anti-inflammatory and antifibrotic activity could

be counterbalancing forces as well. Most of the extrarenal renin is in the form of
prorenin which also has angiotensin-independent pro-fibrotic properties [44-46].

There are many possible cells that could provide components of the RAS to the
pulmonary inflammatory process. These include mast cells [47], fibroblasts [48],
myofibroblasts [49], vascular smooth muscle [50], and macrophages [51].

There are a number of studies suggesting a critical role of mast cells in RAS media-
tion of pulmonary pathology [52-54]. It has been suggested that activated macrophages
stimulate pulmonary mast cells to release renin and the subsequent production of
angiotensin peptides leads to adverse reactions [54]. Mast cells have also been shown
to stimulate fibroblasts in the lung [55]. Triolein increases mast cell accumulation in a
chronic model, and their appearance is reduced by losartan [56], and aliskiren reduces
the triolein-induced increase of mast cell number found at 48 hours [57]. Another mast
cell enzyme that has been implicated in angiotensin formation is chymase [58, 59]. It
is known that there is mast cell heterogeneity in rodents and humans [60-62], and in
humans this includes the presence of renin and its localization within the lungs [62].

In support of the importance of renin/prorenin in fat embolism, we have found
an increase in renin staining at 48 hours (Figure 1) and 6 weeks after triolein-
induced fat embolism [63, 64].

5. The nexus of fat metabolism and action and the RAS in the lungs
It has long been speculated that angiotensin II, acting through the type 1 recep-
tor, was a primary inflammatory molecule [65]. In recent years it has become appar-

ent that angiotensin II acting through its type 2 receptor has anti-inflammatory
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actions [66] and the literature on similar anti-inflammatory actions through the

Ang 1-7/Mas receptor have exploded [67]. It appears that the pathophysiological

state of the lungs is a balance between the pro-inflammatory, pro-fibrotic arm of
the RAS, and the counterbalancing peptide/receptor activity. It is not surprising

that Ang 1-7 has been found to have beneficial effects in the lung [68, 69].

How is the renin-angiotensin system activated in fat embolism, and what is the
connection to fat (neutral and fatty acids)? One suggestion based on the work of
Gonzalez et al. [52, 54, 70] would have a sequence of fat engulfment by macro-
phages, and subsequently the activated cells would release monocyte chemoattrac-
tant-1 (MCP-1) that stimulates mast cells (nearby or remote) to release renin and
angiotensin generation. However, activated macrophages themselves might act in
an autocrine or paracrine manner to release renin, and there is evidence for intra-
crine generation of angiotensin as well [71, 72]. There may be intracrine actions of
angiotensin as well on mitochondria and nuclei.

If the RAS is involved in many aspects, including initiating a cascade of down-
stream malevolent molecules, where does the fat enter the picture? As a host of
review articles have discussed, there is a strictly mechanical phase during which
the fat emboli obstruct capillaries and cause a short-term hypoxia. It is known that
hypoxia itself can lead to pulmonary dysfunction and this can be offset experimen-
tally by angiotensin-converting enzyme inhibition (ACEI) [73] and is associated
with an increase in circulating angiotensin peptides [74].

It is clear from the vast literature on metabolism of fat after embolism that most
of the lipolysis of neutral fat (mostly triolein) takes place near pulmonary endothelial
cells that convert triolein to the toxic oleic acid by lipoprotein lipase. It is now known
that oleic acid, although not thought to enter cells [21], can activate its own fatty acid
receptor (FFAR/GPR120) which can evoke pulmonary edema [75, 76]. Interestingly,
the toxic effects of oleic acid (including pulmonary edema) are antagonized by the
non-specific angiotensin receptor blocker 1-sarcosine, 8-isoleucine angiotensin II
[77]. This implicates angiotensin II in another way as a key mediatory in pulmonary
pathology. It has also been reported that oleic acid and angiotensin II are synergistic
in promoting a mitogenic effect in vascular smooth muscle [78]. Oleic acid emanating
from triolein thus is a co-conspirator in evoking pulmonary (and probably other)
pathological conditions, such as cerebral fat embolism [10, 79]. Pathways that oleic
acid and angiotensin utilize in producing pathological responses are listed in Figure 2.

5.1 A vicious cycle of oleic acid and angiotensin II in fat embolism syndrome

To explain how the sudden appearance of fat in the pulmonary circulation can
sometimes produce an acute respiratory distress syndrome and why the neutral fat
(primarily triolein) has the potential to lead to longer-term pulmonary damage,
the following hypothesis is presented (Figure 3). The initial mechanical phase
of vascular obstruction which leads to hypoxia is known to be ameliorated by the
angiotensin receptor blocker losartan [80].

The delayed metabolic phase is related to breakdown of the most abundant fat
in emboli which is hydrolyzed by several triglyceride lipases to yield oleic acid.
These include endothelial lipase (EL) and lipoprotein lipase (LIPL) [81, 82] as well
as macrophage LIPL [83]. This in turn leads to the evolution of free fatty acids,
mainly oleic acid, which is toxic to the endothelium and is released in part in close
proximity to endothelial cells. Macrophages become activated after phagocytosing
lipid particles which leads to paracrine and endocrine activation of mast cells that
induces angiotensin generation [54].

In addition, there is generation of angiotensin and oleic acid intracellularly in
macrophages (both of which are toxic to mitochondria [84, 85]). Since oleic acid
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Mechanical: capillary blockage — hypoxia — RAS activity
— Ang Il — Cytokines & NADPH oxidase — free radicals

Biochemical: Lipolysis triolein (T)— oleic acid (OA)
Intravascular: Endothelial lipoprotein lipase (LPL) |OA
Extravascular:

OA activates FFAR receptors & 2nd messengers
increases lipid droplet formation
increases Ang release (directly or via prorenin)
OA & Ang Il
1Ca** 1 pulmonary B.P., 1 bronchial constriction
(separate receptors and synergistically)
T uptake & lipolysis: Macrophage LPL 1 OA

Lipid phagocytosis tActivation { MCP1— activate
. mast cells (paracrine & endocrine)— renin/prorenin

Ang generation: macrophages, mast cells, fibroblasts,
myofibroblasts, alveclar epithelial cells

Paracrine, autocrine, endocrine, exosome signaling
T Inflammation, fibrosis

Intracrine: Ang & OA also act on mitochondria

Figure 2.
Fat embolism pathways.
OA —> Ang
IipolysisTriOIEin lipolysis
Ang € OA
Figure 3.

Oleic acid-angiotensin cycle: OA 1 Ang release; Ang 1 triolein lipolysis.

has been shown to increase angiotensin II release from several cell types [86] and
angiotensin increases the expression of various lipases [87], the cycle continues
until rescue mechanisms ensue (Figure 4). It should be noted that losartan and
perindopril, ACE inhibitors, prevent fatty acid-induced endothelial dysfunction
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Clearance by opening of blood vessels
Clearance of lipid droplets: lymphatic and renal
Metabolism and uptake of neutral fat
Metabalism of oleic acid

Metabolism of angiotensin |l: angiotensinases
Actions of Ang Il on AT2 receptors

Actions of Ang (1-7) on Mas receptors

Figure 4.
Repair mechanisms for fat embolism.

in humans in response to elevated blood lipids [88]. Furthermore, oleic acid also
increases serum renin and angiotensin, and its effects on pulmonary edema are
blocked by blocked by an ACE inhibitor [89].

Most cases of fat embolism do not lead to fat embolism syndrome because the
amount of the fat is not of sufficient volume or due to the countervailing mecha-
nisms. These include actions of angiotensin II on AT2 receptors, metabolism of
angiotensin II by angiotensinases, anti-inflammatory actions of its metabolite,
angiotensin (1-7), metabolism of oleic acid, clearance of lipids via vascular or
lymphatic channels, and ultimately renal excretion (Figure 4).

6. Conclusions and prospects

It is proposed that elements of the renin-angiotensin system are central mediators
of tissue injury after fat embolism. Although hypoxia due to capillary blockage is a
contributing factor to lung injury, oleic acid liberated from triolein hydrolysis is a
crucial step, and it also is associated with angiotensin biology. Angiotensin II through
its type 1 receptor is the major offender. Our animal experiments have indicated that
three US Food and Drug Administration (FDA)-approved drugs (captopril, losartan,
and aliskiren) may have protective value as mentioned above. However, in a clinical
setting where trauma or surgery may be involved, stability of blood pressure may be
compromised by these agents. Therefore, it is suggested that some of these types of
agents (or a combination) could be administered by inhalation.

Rather than antagonizing the angiotensin II generation with ACE or renin
inhibitors or angiotensin type 1 activity with antagonists (ARBS), it may be possible
to treat/prevent fat embolism injury by stimulating the angiotensin type 2 receptor
(AT?2) with peptide or non-peptide agonists such as C21 [90]. Another possible ther-
apeutic approach would be to activate the ACE2/angiotensin [1-7]/MAS axis with a
peptide or non-peptide agonist, such as AVE0091 [68]. A more promising avenue for
preventing or treating fat embolism will more likely be satisfactory if multiple points
of the early stages of the pathophysiology are attacked simultaneously. That would
include not only the RAS drugs mentioned above but also possibly mast stabilizers
that can be given by the inhalation route and some of the newly described drugs that
act on the FFA receptors mentioned above. In addition it is possible that some of the
newer triglyceride lipase inhibitors could be of value as preventive treatment.

Although the emphasis in this review is on pulmonary fat embolism, there is
ample evidence from clinical experience and animal experiments that the eyes,
particularly the retina, are frequently targets of fat embolism. Both triolein and
oleic acid have been implicated in ocular pathology [91, 92], and the RAS is thought
to be an important mediating system in many ocular diseases [93].
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Another non-pulmonary target of fat embolism in clinical FES is the brain, and
cerebral fat embolism can be fatal [94]. Although a patent foramen ovale is some-
times an important factor in cerebral fat embolism, this is clearly not the case in
many instances, and animal models have not provided any new insights of cardiac
defects being major players. In a rat model, there is some evidence that cerebral fat
embolism may involve a serine protease [79] and maybe this could be related to a
non-renin generation of angiotensin by a chymase-like enzyme. The RAS is now
believed to be important for much CNS pathology [95].

There now is reason to be optimistic that the next comprehensive review of fat
embolism syndrome will describe some new available therapeutic options based on
animal experiments. This reinforces the goal of animal experiments to delineate the
pathophysiological mechanisms underlying human disease, so specific treatment
can be implemented.
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Chapter 3
Non-Malignant Cardiac Tumors
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and Michael S. Firstenberg

Abstract

Cardiac tumors represent an unusual clinical problem in that they are often
discovered as an incidental finding during a routine echocardiogram or in the
course of a work-up for a source of embolism. Malignant tumors of the heart are
either defined as primary or metastatic from an extra-cardiac primary source—
regardless, the prognosis is poor. However, there are several cardiac tumors that are
characterized as being non-malignant with regard to their tumor biology, but their
tendencies to cause embolic or obstructive complications can be just as catastrophic
despite a lack of invasiveness or potential to metastasize. The purpose of this chap-
ter is to review the common types of non-malignant cardiac tumors with regard to
their incidence, presentation, potential for complications, and management—with
emphasis on surgical indications and techniques.

Keywords: cardiac tumor, myxoma, fibroelastoma, cardiac surgery, benign tumors,
cardiac lipomas, heart disease

1. Introduction

Embolic strokes are one of the most devastating medical conditions with regard
to the overall impact on quality and quantity of life. Once an embolic complication
occurs, management options are sometimes limited, but a critical aspect of appro-
priate disease management is searching for a source of embolism. The same con-
cepts hold true with peripheral embolisms. Part of the rationale for the search for
a source is to help determine optimal therapies with the goal of reducing addition
embolic events and further complications. Despite substantial resources devoted to
stroke (and embolic) prevention, it still remains a considerable problem.

A recent report by the American Heart Association illustrates the enormous
burden that strokes represent to society. A cerebrovascular event (i.e., a stroke)
occurs every 40 seconds in the United States with a related death occurring every
3.7 minutes [1]. While the causes of strokes are complex and often multi-factorial,
cardiac sources represent a common etiology. Atrial fibrillation and associated left
atrial appendage thrombi are one of the more frequently encountered sources [2].
Even though mechanical left atrial appendage closure or systemic anticoagulation
remain the standard of care for treatment [3], it is important to consider that there
are a variety of other cardiac-related causes of embolism and stroke. The most com-
mon non-thrombotic causes of cardiac embolism are infectious and non-infectious
endocarditis—a topic that is the focus of other chapters [4].

The focus of this chapter is non-malignant and non-infectious cardiac
masses—with an emphasis on diagnosis and management. Cardiac tumors are often
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delineated as malignant and non-malignant with malignant tumors being either
primary (i.e., cardiac sarcomas) or metastatic (i.e., breast carcinoma). They are
distinguished from non-malignant tumors, such as myxomas and fibroelastomas,
in that the latter, despite the pathologic implications of growth (i.e., valvular
obstruction) and systemic embolism, lack true metastatic potential. Nevertheless,
non-malignant cardiac tumors can be clinically devastating (i.e., malignant) by
their tendency to cause potentially devastating, and occasionally fatal, embolic
complications [5].

2. Methods

The focus of this review is on non-malignant tumors. The review methods
consisted of Google Scholar (https://scholar.google.com) and PubMed (https://
www.ncbi.nlm.nih.gov/pmc/) searches with emphasis on the following key words:
cardiac tumors, benign cardiac masses, myxomas, fibroelastomas, and fibromas.
Additional associated search terms included: surgery, diagnosis, imaging, and
management. Selected references, including manuscript abstracts and full texts,
were reviewed for relevance in the context of this review.

3. Myxomas

Cardiac tumors are rare, occurring at a frequency of 0.0017-0.33% [6]. Cardiac
myxomas are one of the most common, comprising 77% of surgically excised
tumors in autopsy series [7]. Myxomas affect females predominantly with an
incidence 1.5-2 times that of males [8]. The average age at presentation is 53 [8]. The
majority of myxomas are sporadic. Inherited forms are less common, seen in 7% of
myxomas [9]. Initially reported by Carney in 1985, cardiac myxomas seen in asso-
ciation with pigmented skin lesions and endocrine tumors are collectively known as
Carney complex, an autosomal dominant genetic disorder. Familial myxomas tend
to affect younger patients and have a higher prevalence among females. In addition,
they are more often multicentric with higher rates of embolism and recurrence
following resection [9].

Myxomas tend to be rare tumors of mesenchymal origin. They are comprised of
stromal cells and are characterized as being benign (Figure 1). Biochemically, they
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Figure 1.

Histology of cardiac myxoma. Representative histology of cardiac myxoma tissue in a 26-year-old woman with
multiple recurrences of cardiac myxoma (HE, 100x ). A: Tumor in 2005. B: Tumor in 2010. Similar histologic
appearance of A and B with irregular and papillary proliferations in the myxoid stroma. Bar = 30 pm [10].
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have been correlated with increased production of interleukin 6 (IL-6), however,
the significance of this is unclear [11]. While ocular, cutaneous, intramuscular, and
juxta-articular involvement has been described, the most common presentation is
intra-cardiac with most (85%) involving the left atrium [12].

Cardiac myxomas are typically solitary lesions and most commonly arise from
the septal endocardium near the fossa ovalis [8]. 85% arise from the left atrial
septum and 11% arise from the right atrial septum [7]. The clinical presentation of
myxomas is dependent on tumor location. When confined to the left atrium, myxo-
mas present with symptoms of mitral valve stenosis [13]. Dyspnea and orthopnea
result from pulmonary edema and left-sided heart failure. Conversely, right atrial
myxomas cause tricuspid valve stenosis, leading to symptoms of right-sided heart
failure [13]. In 22% of patients, embolism may occur, leading to symptoms of
peripheral ischemia or stroke [8]. 20% of patients develop systemic symptoms,
which are attributed to production of IL-6 by tumor cells [14]. Rarely, myxomas
may become infected with symptoms similar to those of infective endocarditis [13].

Echocardiography is the primary diagnostic modality for cardiac myxomas [15].
Typical echocardiographic findings are of a mobile mass arising from the septal
endocardium, attached by a narrow stalk. Echocardiography is preferred to MRI
and CT imaging due to enhanced spatial and temporal resolution. If echocardiogra-
phy is non-diagnostic, MRI findings of a heterogeneous mass bright on T2-weighted
imaging and CT findings of a heterogeneous mass with low attenuation are consis-
tent with myxoma (Figures 2 and 3) [15]. Advanced imaging is often performed to
help differentiate “benign” myxomas from more aggressive or potentially malignant
cardiac tumors that might require a more comprehensive oncologic management
strategy (i.e., aggressive debulking, adjuvant chemotherapy, or even palliative care
for advanced tumors). While the imaging characteristics, as described above, of
myxomas are often diagnostic, unusual appearing masses might prompt further
imaging to rule-out other tissue types. The differential diagnosis for such masses
includes teratomas (rare), lipomas, angiosarcomas, rhabdomyomas, and rhabdo-
myosarcomas [18]. Distinguishing characteristics often consist of intramyocardial
tumor invasion on imaging. Tissue biopsy is rarely indicated as the risk of embolism
from endomyocardial biopsies will typically prompt definitive surgical resection
for primary diagnosis and therapeutic intervention. Tumor location and imaging
characteristics, along with a detailed history and physical, can also help distinguish
cardiac tumors from other types of intra-cardiac pathology, such as endocarditis or
thrombus. A recent history of acute myocardial infarction or known left ventricular

Figure 2.

Representative echocardiographic images of a large left atrial myxoma. From: Surgical vesection of cardiac
myxoma. Images of a rapidly growing myxoma. (a): A small myxoma is attached to the left atrial side of the
fossa ovalis. (b): An enlarged myxoma passes in and out of the mitral valve according to the cardiac cycle [16].
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Figure 3.

Representative cardiac MRI demonstrating a right atrial myxoma. Right atrial myxoma causing syncope.
A: Cardiac MRI showing atvial myxoma during systole. B: Cardiac MRI showing atrial myxoma during
diastole. RA, Right atrium; RV, Right ventricle; LA, Left atrium; LV, Left ventricle; arrow—Myxoma [17].

dysfunction might predispose to apical thrombus just as a history of atrial fibrilla-
tion is known to predispose to left atrial or left atrial appendage thrombus [19, 20].

Histologically, myxomas are composed of stellate mesenchymal cells in a
background of myxoid stroma. Myxoma cells are variably positive for S-100, CD31,
and CD34 [13]. In addition, 73.9% of cardiac myxomas express calretinin [21].
Inactivating mutations in the PRKAR1A gene are observed in both sporadic and
non-sporadic myxomas. For this reason, routine immunohistochemical staining for
PRKARI1A is recommended [22].

Recommended treatment for suspected cardiac myxomas, regardless of size, is
immediate surgical resection due to embolic risk [23]. Tumor size > 4.5 cm and soft
tumors have been identified as independent risk factors for embolism. Prognosis
is favorable with a 92.7% 10-year survival rate following surgical resection. Tumor
recurrence is extremely rare. Multicentricity, observed with Carney complex, is an
independent risk factor for recurrence following surgical resection [23]. Recurrence
has been associated with incomplete resection and family history of complex or
multiple myxomas [24]. In general, recurrence rates are typically less than 3%,
often in complex or unusual cases [25].

4. Papillary fibroelastomas

Papillary fibroelastomas comprise less than 10% of primary cardiac tumors
and are the most common primary tumor of cardiac valves (Figure 4) [14]. Men
and women are affected equally at an average age of 60. Fibroelastomas are now
thought to be more prevalent than myxomas, contradicting previous autopsy
series in which myxomas were the most common primary intracardiac tumor
[26]. Their etiology is unclear with development related to organizing thrombi,
hamartoma proliferation, chronic viral endocarditis, and repeated hemodynamic
trauma [27]. Iatrogenic cases of fibroelastomas following thoracic radiation and
cardiac surgery have also been described, though these are typically non-valvular
[28]. Fibroelastomas are valvular in 90% of cases, most commonly involving the
aortic and mitral valves [29]. Less commonly, the left ventricular endocardium and
tricuspid valves are affected [15]. Diseased valves are affected in 69.5% of cases,
specifically post-rheumatic valves in 37.8% and fibrotic calcified valves in 62.2%.
This finding has led some to speculate that a contributing factor to their develop-
ment is repeated trauma to the cardiac valve surface from abnormal intra-cardiac
blood flow and turbulence [13].
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Figure 4.

Surgical specimen of a fibroelastoma. Surgical specimen of an incidental 5 mm fibroelastoma found during
routine intra-operative transesophageal echocardiography in a patient undergoing routine covonary artery
bypass surgery.
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Figure 5.
Photomicrograph of a fibroelastoma. Photomicrograph of papillary fibroelastoma. From: Robotic excision of
aortic valve papillary fibroelastoma and concomitant maze procedure [30].

Clinically, fibroelastomas may present with acute embolism following platelet
and fibrin aggregation [8]. Alternatively, prolapse of fibroelastomas adjacent to
coronary ostia may lead to angina, syncope, and sudden death. The diagnosis is
made by echocardiography, which demonstrates a small, homogenous mobile
mass attached to a valve by a short pedicle [15]. They have characteristic papillary
fronds and resemble sea anemones (Figure 5) [31]. These papillary projections give
fibroelastomas characteristic stippled edges on echocardiographic imaging [32].
Fibroelastomas may be mistaken for Lambl’s excrescences, which are mobile frond-
like lesions that occur along lines of valve closure [33]. Interestingly, there have
been some anecdotal reports of spontaneous regression. For this reason, intraopera-
tive transesophageal echocardiography is clearly indicated prior to surgical inter-
vention [34]. However, these reports should not be used to advocate non-operative
management except in very high-risk patients. In addition, there is no evidence to
suggest a role for anti-platelet or anti-coagulation therapy as a means of treatment
or secondary prevention once an embolic complication occurs. Nevertheless, in
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patients who are not surgical candidates, such medical therapy might be reasonable.
In theory, very small tumors could be drawn into the cardiopulmonary bypass cir-
cuit or surgical suction prior to excision precluding pathologic evaluation. In such
cases, pre- and post-bypass imaging is critical to not only confirm the diagnosis, but
also to demonstrate resection.

Although transthoracic echocardiography can be used to screen for papillary
fibroelastomas, transesophageal echocardiography is preferred due to higher resolu-
tion and enhanced imaging capability (Figure 6) [36]. Multiplanar transesophageal
echocardiography identifies the exact point of endocardial attachment, which facili-
tates operative planning. One of the limitations of echocardiography is its inability
to stratify risk of embolization based on lesion characteristics [37]. Fibroelastomas
are usually not visualized on MRI and CT imaging [15]. Histologically, fibroelas-
tomas have a central core of dense connective tissue, which is surrounded by loose
connective tissue and lined with hyperplastic endothelial cells [31]. These surface
endothelial cells express vimentin and CD34. These findings have unclear clinical
significance, but are helpful in establishing a pathologic diagnosis [13].

Surgical resection sparing underlying valve tissue is recommended in cases of
papillary fibroelastoma. In a study of 511 cases over a 15-year period at the Mayo
Clinic, 185 patients (36.2%) underwent surgical resection [37]. Primary excision was
performed in 51% while excision as an adjunct to other cardiac surgery was performed
in 49%. The aortic valve was most commonly affected and in 98% of cases, the native
valve was preserved. Three hundred and twenty-six patients (63.8%) with echo-
cardiographic findings of papillary fibroelastoma were managed non-operatively.
Patients with papillary fibroelastoma suspected on echocardiography who did not
undergo surgical resection had higher rates of stroke and mortality [37].

In the above described Mayo Clinic operative series, there was a 98% native valve
preservation rate and 1.6% recurrence rate. Most importantly were their neurologic
embolic outcomes. For the surgical population, the stroke risk was 2% at 1 year and
8% at 5 years. This rate was approximately 2.5x age-matched controlled. For the
medically managed patients, the 1- and 5-year stroke risk was significantly higher
than the operative group at 6 and 13%, respectively. There were 29 observed strokes
versus 8.4 expected. Obviously, it was difficult to determine the impact of con-
founding risk factors that might have increased the stroke risk in patients who were
otherwise poor surgical candidates. Regardless, the incidence was still nearly 3.5x
that of matched controls. Furthermore, in the non-operative group, medical man-
agement with anti-thrombotic therapy (i.e., anti-platelet and anti-coagulant therapy,
including dual therapy) had no impact on the stroke risk at 5 years when compared

Figure 6.

Echocardiographic imaging of a fibroelastoma. Fibroelastoma of the aortic valve. Short and long axis view
transesophageal echocardiography. From: Surgery for cardiac papillary fibroelastoma: A 12-year single
institution experience [35].
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to those without anti-thrombotic therapy [37]. Overall, the authors did not find any
echocardiographic or clinical variables that helped stratify patients into high- or
low-risk groups for embolic complications. The significant increased stroke risk in
the non-operative group (even when matched for age-adjusted controls) and the lack
of benefit of medical therapies serve as contemporary evidence to justify surgical
management as first-line therapy in appropriate risk-stratified patients (Figure7).

Surgical intervention for papillary fibroelastoma should be considered in
patients who are symptomatic, undergoing cardiac surgery for other reasons, or
have large, highly mobile lesions [38]. Further study through randomized con-
trolled, multicenter trials is needed to determine if the potential benefit of surgical
resection outweighs risk in asymptomatic patients. In asymptomatic patients who
are otherwise good surgical candidates, the decision for non-operative management
should be well-documented as part of shared decision-making with the patients
with emphasis on the theoretical risks and benefits of surgery versus the risks of
embolic complications.

In another single-center review, there was a tendency for occurrence in elderly
males (71% males and 57% older than 61 years of age). Most (72%) occurred on
a cardiac valve. Rarely was more than 1 lesion encountered and rarely were they
>1.5 cm in size (27.8%). Surgical management was uncomplicated in all cases, even
though some patients required concomitant surgery (i.e., coronary artery bypass
grafting), and 30-day survival was 100%. No recurrences were reported at 1-year
follow-up [39]. Similar outcomes were reported from another large-volume pro-
gram in which Mkalaluh and colleagues reported O peri-operative mortalities in 11
patients (7 of whom had valvular involvement) with 100% 1-year survival and 91%
survival at a mean follow-up of 4.2 years [40].

The indications for surgical resection are often a function of presentation and
whether the patient is an appropriate surgical candidate. Since many fibroelastomas
are incidental findings and hence asymptomatic, the natural history is unclear even
though their tendency to embolize as pedunculated masses is unpredictable. For
this reason, in appropriate surgical candidates, the presence of a presumed fibro-
elastoma is often an indication for surgical management, especially with left-sided

Suspected FE on Echo

STS Risk Assessment
Surgical Consult
"Heart Team" Review

Surgical Mot A Surgical
Candidate Candidate

Consider aspirin
Consider anti-
platelet therapy*

Surgical Resection

Figure 7.

Proposed algorithm for left-sided possible fibroelastoma. Legend: Adopted from Tamin et al. [37].

FE: Fibroelastoma. Note: there is little evidence to support the overall recommendation for anti-platelet or
anti-coagulant therapy in this population.
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lesions. While tumor size has not been correlated with embolic risk [41], there is
some evidence to suggest that in medically managed patients, the risk of neurologic
events was as high as 22% [42]. Nevertheless, the risks of non-operative manage-
ment are poorly understood. Advocating for surgical intervention must be individu-
alized as part of shared decision-making [43].

5. Cardiac lipomas

Cardiac lipomas, much like lipomas encountered elsewhere in the body, are
typically composed of mature adipose (fat) cells and are well-encapsulated. The
majority of cardiac lipomas are subendocardial (50%), while the remainder are
myocardial (25%) or subpericardial (25%) (Figure 8). They are typically found in
the left ventricle or right atrium. Embolic complications are extremely rare unless
the tumor is coated with thrombus from abnormal flow patterns. Typically, the
presentation is characterized by obstructive symptoms [46, 47]. Surgical resection
is typically reserved for symptomatic patients and consistent of removal of the
entire capsule with pericardial reconstruction of the residual defect if necessary
[48]. Asymptomatic patients can be managed expectantly. It is important to note
that lipomas must be distinguished from lipomatous hypertrophy of the intra-atrial
septum. Lipomatous hypertrophy is considered a benign infiltrative process of
the adipose septal tissue. However, obstructive symptoms and even complex atrial
arrhythmias can develop from cellular proliferation. In such symptomatic cases,
surgical debulking and reconstruction may be considered [49].

Figure 8.

MIgQI and surgical specimen of a cavdiac lipoma. Left figure: Cardiac lipoma in the interventricular septum.
Cardiac MRI showed a round-like signal, measuring 36 x 20 mm, in the upper portion of IVS, anterior to

the right covonary sinus of aorta [44]. Right figure: Cardiac lipoma. The surface of the specimen is lined by
smooth endocardial and epicardial tissue. The cut surface displays a yellow, lobulated appearance without
hemorrhage, necrosis, fleshy change, or calcification [45]. Note: The surgical specimen is from the same patient
as the MRI (both cc*: Figures with this marker are used under the terms of Creative Commons Attribution-
NonCommercial-ShareAlike 3.0 License, which allows others to remix, tweak, and build upon the work non-
commercially, as long as the author is credited and the new creations are licensed under the identical terms).

6. Unusual/rare non-malignant cardiac tumors
While myxomas and fibroelastomas are the most common forms of non-

malignant cardiac tumors, other cellular types have been encountered as
intra-cardiac masses. Most are considered extremely rare and limited to cases
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reports or small series from large institutions. These masses include teratomas,
hamartomas, fibromas, hemangiomas, paragangliomas, and mesotheliomas of
the atrioventricular node [50, 51]. Management is often similar to other cardiac
masses and based on presenting symptoms, concern for embolic risk or obstruc-
tive physiology, and clinical risk of surgical intervention [52]. Because of the
rarity of these types of tumors, little is known about pre-operative incidence.

A definitive tissue diagnosis is often made at the time of surgical resection [53].
Unlike myxomas and fibroelastomas, embolic complications of these unusual
tumors are rare. Patients typically present with obstructive heart failure symp-
toms. As most are asymptomatic, they are often only encountered at autopsy
and are rarely considered the cause of death [54]. Resection or debulking is
typically indicated based on presentation, tumor location (especially with
regard to surrounding cardiac structures), and size. However, some patients
with large tumors, presumed to be benign or potentially curative with resection,
might need cardiac transplantation if safe resection is not possible [55]. Most
ventricular fibromas can undergo safe resection, even if the tumor involvement
is extensive, with good short- and long-term results and trivial risk of recur-
rence [56]. In general, symptoms of heart failure and arrhythmias resolve with
resection. Asymptomatic tumors that fit into this category can be managed
expectantly with serial imaging.

7. Surgical management of benign cardiac tumors

The surgical management of non-malignant cardiac tumors varies depending on
the location of the tumor and the potential involvement of intra-cardiac structures
[57]. Not only is the oncologic principle of wide excisional margins is not always
possible due to the critical nature of certain cardiac structures, it is not necessary.
The key principle is complex tumor excision if possible. Unless the diagnosis is
obvious based on presentation, location, and clinical appearance, non-malignant
tumors can often be confused with subacute endocarditis or intra-cardiac throm-
bus. Nevertheless, complex excision is necessary. Fibroelastomas can often be the
easiest to remove, typically by sharp excision from their adherent structures. Even
with valvular involvement, it would be uncommon to require leaflet reconstruction
or valve replacement.

Intra-cardiac excisions, almost by definition, require cardiopulmonary
bypass, aortic cross-clamping, and cardiac arrest. The specific techniques are
beyond the scope of this chapter, as are the advantages and disadvantages of
choice of incision (i.e., conventional full sternotomy, minimally-invasive sternal
or right thoracotomy, or robotic-assisted techniques) and myocardial protec-
tion. The approach is probably best left to the individual comfort level and skill
of the surgeon [58]. Nevertheless, because focused resection compared to wide
debridement is typically the surgical goal, minimally-invasive approaches may
be reasonable in appropriately selected patients. Cannulation techniques will
vary depending on the tumor location. However, there should be a low threshold
for bi-caval cannulation to assist in access to the atrial chambers and possible
resection and reconstruction of the intra-atrial septum. In addition, root venting
should always be considered, even with primary right-sided structures, as com-
munication or left-sided involvement might introduce intra-cardiac air that would
require appropriate de-airing upon weaning from cardiopulmonary bypass.

In patients with concomitant cardiovascular pathology (i.e., coronary artery
disease, aortic aneurysms, or separate valvular pathology), appropriate surgical
intervention should be performed. The decision to perform a preoperative cardiac
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catheterization should be based on an appropriate multi-disciplinary assessment
of the risks of underlying coronary artery disease, risks of the procedures (i.e.,
catheter-induced dislodgement of the tumor), and the age and co-morbidities of
the patient as suggested by clinical guidelines [59]. In situations in which cardiac
catheterization is either relatively contraindicated (i.e., presence of an aortic valve
mass) or perceived to be of low clinical benefit, coronary computed tomography
might be considered and potentially helpful in guiding therapy [60]. Intra-
operative transesophageal echocardiography should be used routinely to ensure
an accurate diagnosis, clear identification of involved structures, and complete
resection prior to surgical closure [61].

For tumors that involve either the aortic valve or left ventricular outflow track, the
surgical approach should be trans-aortic—essentially a similar approach as is used
for traditional aortic valve replacement surgery. Aortic valve replacement is rarely
necessary. Careful trans-aortic exposure to the left ventricular outflow track can
provide access to tumors in the LVOT or on the left ventricular side of the anterior
leaflet of the mitral valve. Even residual aortic or mitral insufficiency, either primary
insufficiency or as a consequence of resection, can be well tolerated for many years.
The indications for valve replacement in such cases should be limited to those patients
in whom residual regurgitation would otherwise require repair or replacement based
upon current guidelines for valvular dysfunction management [62].

For tumors that involve an isolated valve, a standard surgical approach to the
specific valve is typically employed based on surgeon preference, i.e., trans-right
atrial for tricuspid pathology and right ventricular masses. For masses such as
myxomas that involve the intra-atrial septum, a variety of approaches can be used.
The most common approach is through the right atrium (even if the tumor is on
the left atrial side of the septum) with excision of the fossa ovalis or the involved
intra-atrial septum to remove not only the tumor, but the stalk and the potential
“tumor roots” in the septal tissue (Figure 9). Even with large tumors, primary
reconstruction of the intra-atrial septum can be often performed as the size (width
and length) of the associated stalk rarely correlates with the actual extent of septal
tissue involvement. For large septal defects, reconstruction with bovine pericar-
dium can easily be performed [16]. Depending on surgeon experience, preference,
and tumor location, a right thoracotomy approach to either the left or right atrium
can be considered [63]. While a left atrial approach has been described for tumors
on the left atrial side of the intra-atrial septum, if such an approach is chosen, it is
critical that the principles of complex tumor excision, including the stalk and septal
roots (with reconstruction of the intra-atrial septum if necessary), be maintained
[64]. Merely shaving the tumor off the intra-atrial septum without resecting the
septal tissue is inappropriate as it might leave residual tumor behind and pre-
dispose to tumor recurrence.

All surgical excisions should be sent for pathology and microbiology. A compre-
hensive pathological evaluation is critical as many tumors have extensive throm-
botic material covering them that might confound a true diagnosis. Occasionally,
tumors can become infected with presentations similar to endocarditis. When
encountered, a prolonged course of targeted antibiotic therapy is recommended,
as with any form of endocarditis. Likewise, microbiologic assessment of the mass
is necessary to rule out a potentially infectious etiology, especially in the absence
of a clear preoperative diagnosis. Concomitant infected tumors, while part of any
differential diagnosis, are rare [65].

Post-operative management should be consistent with that of any other
post-cardiotomy patient. Anti-coagulation should only be considered if indicated
for other reasons, such as if recommended by neurologic consultants for the
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Figure 9.
Surgical specimen of a left atrial myxoma. Approximately 3 cm left atrial cardiac myxoma surgical specimen.
Note the resected intra-atrial septal tissue.

treatment of embolic strokes. For patients whose tumors appear to have a large
thrombus burden, a hypercoagulable state work-up and appropriate treatment
should be considered. Guidelines for post-resection imaging surveillance are
lacking and should be symptom-based unless there is concern for incomplete
resection or recurrence.

8. Summary

Intra-cardiac masses represent a challenging clinical problem. Patients often pres-
ent with embolic complications or obstructive heart failure symptoms. Alternatively,
they may be asymptomatic with the mass discovered as an incidental finding in
work-up of an alternative diagnosis or in preparation for other therapies (i.e.,
coronary artery bypass surgery). As discussed, such tumors are rare and must be
distinguished from other cardiac masses, specifically endocarditis and intra-cardiac
thrombus for which the management strategies are well-established. The overriding
principle of management is prevention of potentially catastrophic embolic complica-
tions, specifically neurologic events. However, the data to support this approach is
either limited or not based on high-quality randomized or controlled trials [3, 29]. As
such, when encountered in appropriately risk-stratified patients, surgical removal is
often curative and should be considered first-line therapy. While STS risk scoring is
often used to evaluate these patients, a specific risk-model for treatment is not part
of the STS calculator. However, it most closely matches the risks for patients under-
going valve repair or replacement (http://riskcalc.sts.org/stswebriskcalc/calculate),
Risk for recurrence is low and post-operative survival is excellent. While medical
management of these masses is considered in high-risk patients and those who refuse
surgery, it is important to consider there is little data to support this approach and
some evidence to suggest an increased stroke risk. Medical management, specifi-
cally anti-thrombotic therapies, have little role and can potentially delay a diagnosis
until a catastrophic neurologic event occurs. It should only be considered in unusual
cases. Furthermore, while the mere presence of an intra-cardiac mass is considered
an indication for surgical resection, if there are concerns about the diagnosis based
on echocardiographic characteristics or if there is concern for an invasive primary or
metastatic malignant tumor, CT or MRI imaging can be useful. Given the rarity of
these tumors, if there are any concerns about the diagnosis or management, referral
to a tertiary care center should be considered.
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9. Conclusions

Intra-cardiac masses are rare, but are occasionally found during work-up for a
source of embolism or encountered as an incidental finding. Tumor location and
echocardiographic characteristics often suggest a diagnosis. However, definitive
surgical resection for both diagnostic and therapeutic reasons should be considered
first-line therapy. Patients managed non-operatively have increased risk for embolic

complications. Medical therapies have not been shown to be effective although
definitive data is lacking and controlled trials may be difficult to perform.
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Chapter 4

Coronary Embolic Phenomena:
High-Impact, Low-Frequency
Events

Qasim Malik, Ambreen Alam, Stanislaw P. Stawicki
and Peter Puleo

Abstract

Coronary embolic phenomena (CEP) are difficult to diagnose yet carry poten-
tially devastating clinical consequences. The goal of this chapter is to outline key
processes and pathophysiologic mechanisms underlying CEP, primarily in the
context of acute coronary syndrome (ACS). Not surprisingly, most reported cases
of CEP occur in the left coronary circulation, but some right-sided events have been
reported. Overall, causes include thrombotic, septic/infectious, neoplastic, valve-
related, and iatrogenic mechanisms such as air embolization. Coronary angiography
remains the definitive diagnostic and therapeutic approach, with computed tomog-
raphy being increasingly utilized. Transthoracic echocardiography (TTE) should be
part of a routine work up for patients with suspected CEP. Holter/event monitoring
for atrial fibrillation may also be indicated in patients with embolic phenomena.
Clinical management includes procedural restoration of coronary blood flow,
followed by appropriate anticoagulation or antiplatelet therapy, in conjunction with
appropriate treatment of any arrhythmias or other associated cardiac manifesta-
tions or conditions. Timely diagnosis, based on a high index of suspicion (especially
in high-risk population) may be important in improving morbidity and mortality in
affected patients. Since CEPs are often underdiagnosed and may be due to a number
of heterogeneous causes, the need arises for increasing provider awareness of these
important phenomena, as well as for the implementation of appropriate clinical
management guidelines.

Keywords: coronary artery embolism, coronary embolic phenomena, diagnosis,
management, risk factors

1. Introduction

Coronary embolic phenomena (CEP) constitute an under-reported and underdi-
agnosed set of clinical phenomena, with potentially devastating consequences if not
recognized and treated promptly [1-3]. From coronary air embolism to paradoxical
venous thromboembolism, CEPs represent an etiologically heterogeneous group of
events [4-7]. It has been postulated that CEPs are the underlying cause of up to 3%
of acute coronary syndromes (ACS) [6]. Given their rarity, CEPs require a high index
of suspicion by the treating clinician [8-10]. In this chapter, we will aim to cover
the various processes and pathophysiology underlying this cause of acute coronary
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syndrome. Our focus will be on the more commonly seen forms of coronary embo-
lism, with an abbreviated overview provided of the less common etiologies.

2. Methods

A thorough literature search was conducted using PubMed, Google™ Scholar,
and Bioline International. The following search terms were utilized, in various

» <«

combinations/derivations/iterations, listed alphabetically: “cardiac,” “coronary,”

» « » <« 2 < <«

“emboli,” “embolism,” “embolus,” “heart,” “infarction,” “myocardial,” “myocar-
dium,” “paradoxical,” “phenomenon,” “vascular,” “vasculature,” and “vessel”.
Secondary identification of additional literature sources was performed using

articles referenced by our primary sources.

3. Classification

Coronary emboli may be classified based on etiology (i.e., thrombotic, septic, neo-
plastic, valvular heart disease-related, iatrogenic), although other classifications (i.e.,
direct, paradoxical and/or iatrogenic) have been proposed and/or described [6, 11-13].
Alist of all previously reported types/causes of coronary emboli is provided in Table 1.

Thrombotic Paradoxical thrombus/embolus

Left atrial appendage thrombus

Left atrial thrombus

Left ventricular mural thrombus

Autoimmune Inherited coagulation factor deficiencies (prothrombin deficiency, protein C/S
deficiency)

System lupus erythematosus

Antiphospholipid syndrome

Infectious Infective endocarditis

Rheumatic heart disease

Valve-related Fibroelastoma

Mitral valve calcifications

Blood cysts
Neoplastic Malignancy
latrogenic Post-cardiac procedure
Miscellaneous causes Pregnancy

Air embolism

Table 1.
Causes of coronary embolism.

4. Mechanisms and pathophysiology
Coronary emboli may originate in the left or right side of the heart [14, 15].

Of course, for emboli originating in the right heart to lodge in the coronary arter-
ies, they would need to be somehow “shunted” to the left-sided system, possibly
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Sapta peroralor

Figure 1.

Arfgiogmphic example of a large coronary artery embolus located in the mid-left anterior descending artery.
Source: Zhang et al. [19]. Image used under the terms of the Creative Commons Attribution 4.0 License (http://
www.creativecommons.ovg/licenses/by/4.0/) which permits any use, veproduction and distribution of the work
without further permission provided the original work is attributed as specified on the SAGE and Open Access
pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

through a patent foramen ovale [16-18]. An angiographic example of paradoxical
coronary artery embolism is show in Figure 1 [19].

It must be mentioned here that systemic emboli finding their way to the left heart
are still more likely to embolize to the carotid or intracranial vasculature, primarily
due to two particular considerations. Firstly, the coronary anatomy and coronary
artery takeoff is typically such that emboli are less likely to specifically dislodge and
enter into their ostia [13, 20, 21]. Secondly, it is hypothesized that coronary vessels
may be protected to some degree, mainly due to them receiving flow primarily during
diastole [22-26]. For similar reasons, one might extrapolate that most reported cases
of coronary embolism occur in the left coronary circulation due to the anatomy of the
right coronary artery takeoff making it potentially less conducive to emboli [22-28].

Coronary emboli may become lodged in major epicardial arteries supplying a siz-
able area of myocardium, and smaller emboli may even embolize distally so as to affect
small arterioles which do not supply a large area [29-31]. These events may or may not
be clinically symptomatic or readily diagnosable, but evidence in this generally poorly
understood area of cardiac pathophysiology continues to be lacking. It is important to
note, however, that coronary emboli may occur in the setting of concomitant athero-
sclerosis, where even a small embolus could lodge at the site of atherosclerotic lesion
and result in significant epicardial coronary occlusion, thus exposing potentially sig-
nificant area of myocardium at risk for a subsequent secondary ischemic event [31-35].
An association with infectious etiology may be present as well in this context [32].

5. Coronary embolic events: a heterogeneous pathologic grouping

Due to various mechanisms being responsible for coronary embolic phenom-
ena leading to acute coronary syndromes, we will address them one by one in the
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subsequent discussion. The authors’ goal is not to provide an exhaustive description
of each mechanism, but rather to point the reader to other definitive sources for
further details.

5.1 Thrombotic causes

Coronary emboli may be formed due to thromboembolic causes involving dif-
ferent etiologies and pathways (Table 1). As with all thromboembolic phenomena,
predisposing conditions of the Virchow’s triad (hypercoagulability, stasis, endothe-
lial injury) will need to be present for thrombi to form [36, 37].

For venous thromboemboli to “transform” into coronary emboli, the presence
of a patent foramen ovale is required [6, 38]. This enables the embolus to cross
from “right to left” side of the heart and thus develop the potential to lodge in the
coronary circulation [18, 38]. A thrombus may originate in the left atrial append-
age, as seen among patients with atrial fibrillation [39, 40], or it may originate in
the left atrium/ventricle itself, as in patients with severely reduced ejection fraction
or those who have had an anterior/apical myocardial infarction in the past [6, 41].
The former is of particular clinical importance, as patients diagnosed with coronary
embolus may benefit from ambulatory monitoring to look for atrial fibrillation as a
possible underlying cause.

Arterial emboli are more likely to be reported in the setting of hypercoagulable
states including autoimmune diseases, inherited coagulation factor deficiencies,
hyperviscosity syndromes, and acquired hypercoagulabe states (e.g., pregnancy,
malignancy, previous heparin exposure, Table 1) [42-44]. As coronary emboli are
ararely reported phenomenon, no randomized trials or guidelines exist regarding
diagnostic workup for these, although it would not be unreasonable to initiate workup
for thrombophilia whenever appropriate diagnosis or suspicion exists [37, 42-45].

5.2 Septic/infectious causes

Infective endocarditis is one of the most dreaded infectious etiologies associated
with significant morbidity and mortality [46, 47]. Coronary septic arterial emboli
(CSAE) secondary to infectious endocarditis have been reported and according to
one source such events may carry a mortality of up to 50% [48]. CSAE appear to
be more likely to occur in patients having vegetations of the mitral valve or fungal
infections, as fungal vegetations are known to reach larger overall dimensions, thus
increasing the cumulative possibility of embolization [49, 50]. Rheumatic heart
disease, though more common in low-income countries, is another possible etiol-
ogy that can be associated with CSAE and must be kept in mind when evaluating
patients from high-incidence geographic areas [51, 52].

5.3 Neoplastic causes

Tumors originating in the heart such as atrial myxomas, or on valves such as
papillary fibroelastomas, are well known to cause cryptogenic brain infarctions
[14, 53]. There are also reports of embolization to the coronary circulation [54-56].
Given that end-organ damage, including cerebrovascular accidents may constitute
the initial clinical presentation of such neoplasms, it would not be unreasonable to
propose that an embolic myocardial infarction may occur in this setting [56, 57]. It is
also likely that such occurrences are under-recognized and probably more common
than generally thought, thus requiring high index of clinical suspicion and prompt
diagnosis [56, 57]. The overall urgency is highlighted by the possibility that subse-
quent presentations in cases of “missed diagnosis” may manifest as unexplained/
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sudden death [57, 58]. Appropriate high-quality imaging may include but is not
limited to transthoracic and/or transesophageal echocardiography [56, 59-61].

5.4 Valve-related causes

Stenotic heart valves resulting from progressive calcification process also pose
the possibility of calcific embolization to distal locations, including the coronary
circulation [48, 62, 63]. Rheumatic valvular heart disease could be another possible
risk factor for coronary embolization [48]. Long-term valvular heart disease leads
to structural changes in the myocardium, eventually increasing the risk of atrial
fibrillation, which in itself may be a contributor to both systemic and coronary
embolization [39, 64]. Of note, coronary embolism has been reported following aor-
tic and mitral valve replacement, with successful management reported to involve
abciximab and urokinase [65]. Another report describes acute myocardial infarction
due to coronary embolism in a patient with mitral valve prosthesis. That particular
case was successfully managed using angioplasty [66]. An example of a left coro-
nary embolism associated with subtherapeutic oral anticoagulation in a patient with
mitral and aortic mechanical valve prostheses is shown in Figure 2 [67].

5.5 Iatrogenic causes

Ruptured atherosclerotic plaques in the coronary arteries may lead to acute
thrombotic occlusions and are the frequent pathophysiologic factor behind acute
ST-elevation myocardial infarctions [68, 69]. Vessels affected by such processes
may be characterized by a high thrombotic burden. For example, saphenous venous
grafts in post-coronary artery bypass graft patients seem particularly vulnerable
[70, 71], with various pathophysiologic mechanisms proposed including immune-
mediated process [71, 72].

Cardiac catheterization procedures may also cause distal embolization of intra-
vascular particles [73]. Depending upon where, and how far, any dislodged thrombi
or microthrombi travel, periprocedural myocardial infarction can become a very
real risk [74]. Various procedural techniques including specialized “wire filter”
protection devices [74, 75] and thrombus extraction catheters [76] can be utilized
during coronary interventions to prevent or reduce distal embolization. Finally,

Figure 2.

An example of a left coronary artery coronary embolism associated with subtherapeutic anticoagulation in the
setting of mitral and aortic mechanical valve prostheses. [A, left] Note the filling defect present upon initial
diagnosis. [ B, right] Following thrombectomy, the left coronary artery is seen to be patent. Source: Protasiewicz
et al. [67]. Images used under the terms of the Creative Commons Attribution-Noncommercial 3.0 Unported
License, which permits all noncommercial use, distribution, and reproduction in any medium, provided the
original work is properly cited.
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distal coronary embolization involving cholesterol particles is also a possibility in
patients undergoing diagnostic coronary angiography or thrombolysis [77, 78].

6. Diagnosis of coronary embolism

A careful history and physical examination is necessary, with specific focus on
finding any systemic signs of emboli in septic patients, as well as the possibility
of an autoimmune disease in the subset of non-septic patients [79-81]. As with
suspected coronary artery disease, patients suffering from coronary embolism
may present with typical or atypical chest pain or with “angina equivalents” such
as dyspnea [79, 81, 82]. As with all acute coronary syndromes, electrocardiography
will be very important in determining the diagnosis and may dictate the urgency for
cardiac catheterization (e.g., the presence of ST-elevation myocardial infarction).
The presence of Q-waves in contiguous leads may be indicative of a “silent” myo-
cardial infarction. Troponin and other cardiac enzyme testing certainly plays an
important role in determining the extent and the progression of myocardial isch-
emia [83, 84]. Subsequent workup should include transthoracic and transesopha-
geal echocardiography, advanced high-resolution imaging (e.g., CT or MRI), and
coronary angiography [18, 85-87]. In addition, miscellaneous adjunctive diagnostic
tools, such as Holter/event monitoring, can also be helpful in cases where etiology
of the event(s) in question may be uncertain [88, 89].

6.1 Coronary angiography

Coronary angiography remains the mainstay of CEP diagnostics [87]. As out-
lined previously, patients affected by this condition may have “silent” myocardial
infarction or may present with an acute ST segment elevation myocardial infarc-
tion. When performing angiography, associated thrombi have a distinct hazy
angiographic appearance [87, 90, 91]. Moreover, angiography can help document
the evolution and resolution of coronary embolism [92]. Finally, diagnostic
angiography can be converted into a therapeutic procedure if indicated [87, 93].

The angiographer should keep in mind that the presence of multiple acute
thromboembolic lesions in various vessels increases the suspicion for embolic
coronary phenomena [94]. As mentioned above, these emboli may also acutely
occlude parts of vessels with pre-existing atherosclerosis, further complicating the
diagnosis. Intravascular ultrasound following aspiration atherectomy may be useful
when assessing for underlying atherosclerosis versus purely acute thromboembolic
phenomena. Optical coherence tomography of these vessels may also be useful but
has not yet been studied sufficiently in this particular setting [95, 96]. A patient with
angiographic evidence of coronary embolism but with no traditional risk factors
for coronary artery disease should raise the suspicion for some of the less common
causes (e.g., autoimmune, infectious, inflammatory, or neoplastic) [6, 94, 97].

After diagnostic confirmation, coronary thrombi are often removed using
aspiration catheters, as outlined in previous paragraphs. Biopsy of these specimens
would aid in differentiating between thrombotic, septic, and neoplastic causes of
embolism, particularly due to the fact that these may be the presenting events in
some neoplasms. Autoimmune disease may also need to be ruled out [6, 94, 97].

6.2 Transthoracic echocardiography

Transthoracic echocardiography should be a part of the routine workup for
patients with suspected CEP. Diagnostically, it will be critically important to
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demonstrate or rule out the presence of patent foramen ovale [98-100] and identify
any thrombi in left-sided cardiac chambers, particularly with the help of ultrasonic
contrast [33, 59]. Any suspicion should be further supplemented with transesopha-
geal echocardiography to ascertain any transthoracic echocardiography findings,
especially those of uncertain significance or insufficiently granular detail(s) [59, 101].
In addition, this would also be helpful to visualize the left atrial appendage when
looking for evidence of either stasis or thrombus formation there [102, 103]. Such
findings can be present in the setting of atrial fibrillation [102].

As outlined earlier in this manuscript, Holter/event monitoring to look for atrial
fibrillation would also be reasonable in patients being seen for embolic phenomena
[88, 89]. As for all thromboembolic diseases, thrombophilia workup would also be
useful in ascertaining the etiology of coronary embolism in appropriately selected
at-risk patients [104].

7. Clinical management

Coronary embolic syndromes are quite heterogeneous, and lack random-
ized controlled trial data or specific guidelines on their management. The initial
approach including timing of cardiac catheterization for coronary embolism should
be the same as for routine acute coronary syndrome (with classification of available
evidence quality provided in parentheses) [106].

Oxygen (Class 1), nitrates (Class 1), and beta blockers (Class 1) are the mainstay
of the initial medical management [106] in addition to parenteral anticoagulation
(Enoxaparin/unfractionated heparin [UHF]/Bivalirudin) [109].

Decision regarding the use of percutaneous coronary intervention versus bal-
loon angioplasty would be up to the clinician’s judgment given plaque morphology
as assessed by intravascular ultrasound as well as on optical coherence tomography.

Following the initial management, dual antiplatelet inhibition would be
recommended for these patients [107] for a duration of 6-12 months as per the
2017 American College of Cardiology (ACC)/American Heart Association (AHA)
Guidelines [108].

As no randomized controlled data are available on lipid management for the
particular subset of patients suffering from coronary embolism, we would recom-
mend following current society guidelines for lipid management in these patients.

For patients with reduced ejection fraction on echocardiography, angiotensin
converting enzyme (ACE) inhibitors or angiotensin receptor blockers in addition to
aldosterone antagonists are recommended (Class 1) [106, 109].

Long-term anticoagulation in patients diagnosed with embolic coronary disease
remains a question to be answered. As with other embolic phenomena, 3-6 months
of anticoagulation with warfarin or with direct anticoagulants would be reasonable,
with further therapy to be decided upon ascertaining the underlying etiology.

Workup to determine the etiology is essential, and treatment of the cause of
embolism is of course necessary. As mentioned above, remote cardiac monitoring to
look for atrial fibrillation is essential as it may necessitate lifelong anticoagulation
particularly in patients with high CHADS2VASC scores.

Lastly, in patients possibly requiring triple antithrombotic therapy, data are
limited, with current management approaches based on consensus recommenda-
tions with only a brief mention in the 2016 ACC Guidelines [108]. The decision
regarding the duration or discontinuation of triple therapy versus P2Y12 inhibitor
plus vitamin K antagonists (VKA)/direct oral anticoagulants (DOAC) would be
based on the individualized bleeding risk versus the potential risk of discontinuing
these medicines [108].
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8. Miscellaneous causes

It has been reported that air embolism can complicate a variety of invasive
procedures involving the vasculature, from central venous access placement to
coronary artery bypass grafting [105, 106]. In the context of CEPs, the presence of
patent foramen ovale (PFO) plays an important contributory role [107]. Though
rarely reported, air embolism due to decompression illnesses or due to iatrogenic
causes may also cause coronary embolism. Finally, iatrogenic CEPs are fortunately
uncommon, yet they are dreaded events that may occur in the cardiac catheteriza-
tion lab or during coronary artery bypass graft (CABG) surgery [103, 104].

Amniotic fluid embolism (AFE) in pregnant women can also lead to coronary
embolization [105, 108]. Of note, for amniotic fluid to embolize to the coronary
arteries, the patient must also have a PFO which helps facilitate the right-to-left
transit of causative particles, which then lodge in the systemic arterial system and,
potentially, the coronary arteries. It has been noted that the appearance of amniotic
fluid emboli in the coronary circulation may be associated with elevated mortal-
ity when compared with cases not involving the coronary vessels [108]. Marked
constriction of coronary arteries has also been described in the setting of AFE,
although it is not known if that is a direct or an indirect effect [109, 110].

9. Conclusion

Coronary embolic phenomena are a heterogeneous group of clinicopathologic
entities attributable to a variety of etiologic factors. Due to their rarity and the
tendency to clinically mimic other coronary syndromes, CEPs are often underdiag-
nosed. Timely diagnosis using an elevated index of suspicion in high-risk patients
is important to improving the associated morbidity and mortality. Scarcity of high
quality data regarding CEPs necessitates further studies and dedicated consensus
guidelines. Progress in diagnosis and treatment of CEPs will require concerted
efforts by clinicians, educators, and researchers.
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Chapter 5

Acute Arterial Embolism of the
Lower Limb

André Luis Foroni Casas

Abstract

Despite advances in the management of peripheral arterial occlusive disease,
acute embolism of the lower extremities is still characterized by an important limb
threat, morbidity, mortality, and continues to pose a challenge to the vascular
surgeon. Atrial fibrillation, left ventricular aneurysm, penetrating ulcers or aneu-
rysms of the aortaand common iliac arteries are the common sources of emboli.
The presence of occlusion can be determined noninvasively with the use of duplex
Doppler ultrasonography. Arteriography, Computed Tomographic Angiography
and Magnetic Resonance Angiography can also be employed. Embolectomy is the
standard for acute leg ischemia in patients with a strong clinical suspicion of an
embolus, but alternative techniques, such as catheter-directed thrombolysis or
percutaneous aspiration thrombolectomy, expand the role of radiologic percutane-
ous therapy of the acutely ischemic limb.

Keywords: thrombosis, embolism, embolectomy, fibrinolysis, lower extremity

1. Introduction

Acute limb ischemia results from a sudden decrease in limb perfusion that
threatens limb viability and often requires urgent revascularization [1]. Acute
ischemia of the lower limb continues to pose a challenge to the vascular surgeon and
is still characterized by an important morbidity, limb threat and mortality. The two
principal etiologies of acute ischemia of the lower limbs are arterial embolism and
in situ thrombosis of an atherosclerotic artery or of a bypass graft [2]. It is estimated
that the incidence of acute limb ischemia in the general population is around
14/100,000 inhabitants per year [3].

The consequences of acute limb ischemia such as prolonged hospitalization,
major limb amputation, and/or death have a profound socioeconomic impact. Acute
limb ischemia represents a high-risk cohort in need of complex revascularization
procedures that are often associated with a significant rate of periinterventional
complications [4]. Historic rates of amputation and mortality range from 10 to 25%,
emphasizing the need for prompt evaluation and treatment [5, 6].

Embolism is the result of material passing through the arterial tree and obstruct-
ing a peripheral artery [7]. These materials may be thrombi, fragments of athero-
matous plaque, tumor cells, or other foreign bodies, that have been dislodged or
introduced into any part of the arterial system and can cause partial or total occlu-
sion of an artery at a point distant from where they originated [8].
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The arteries most commonly affected in the lower limbs are the femoral, the
popliteal, the iliac, and the aorta [9-13]. The most frequent site of involvement is
the femoral bifurcation, accounting for 35-50% of cases [14-17].

The approach of the arterial embolism of the lower limb has evolved signifi-
cantly in the past decade, especially regarding the development of endovascular
treatment.

2. Etiology

The heart has been described as a source of emboli with frequency in the range
of 78-96% [12, 18]. When emboli originate in the heart, more than 70% will
obstruct the lower limbs, including those lodged at the bifurcation of the aorta [19].
The majority of emboli originate in the heart, primarily the left heart, as a result of
fragmentation of intracavitary thrombi [15, 16].

Atrial fibrillation, left ventricular aneurysm, penetrating ulcers or aneurysms
of the aorta and common iliac arteries are the common sources of emboli. Nearly all
emboli arise from the left heart, aorta, and iliac vessels. A minority are paradoxi-
cal venous emboli that pass through an intracardiac shunt. Emboli typically lodge
at branch points in the vascular tree and occlude both tributaries [20]. The most
frequent cause of formation of these thrombi is atrial fibrillation, which occurs in
mitral valve lesions of rheumatic origin, hyperthyroidism, acute myocardial infarc-
tion, and cardiosclerosis. The hemodynamic changes caused by atrial fibrillation,
causing formation of mural thrombi, is the most important source of emboli [16, 21].
Autopsy studies of heart patients with and without atrial fibrillation showed that the
frequency was much higher in the first group [22].

The most frequent cause of emboli among the valve disorders is mitral valve
disease, primarily mitral stenosis of rheumatic origin. Thrombi may develop in the
subvalvar area, but frequency is greater in the left atrium. Among these patients,
two factors appear to be intimately linked with the embolic episode: age and
presence of atrial fibrillation [21]. In the past, cardiac valve disease was the main
cause of arterial embolism, but advances in the management of these patients have
virtually eliminated this as a cause [23-25].

Patients with transmural myocardial infarction are at risk of embolization for
3-4 weeks after the acute event. The majority of these thrombi form in the left
ventricle (the region most often involved in myocardial infarctions). Systemic
embolization can occur after 5% of after acute myocardial infarction cases [17]. In
patients with heart failure, the left atrium or the left ventricle may form thrombi,
causing systemic emboli [8].

Another cause of emboli is intracardiac tumors. The tissue of these tumors may
dislodge from the heart, causing distal emboli [26].

Acute or subacute bacterial endocarditis can cause arterial emboli, from deposits
built up on the valve itself, or by encouraging formation of thrombi. In these cases,
the arteries obstructed are generally those of narrower caliber [27].

Nowadays, invasive diagnostic, therapeutic procedures and cardiovascular
surgery constitute an important iatrogenic source of peripheral emboli [28, 29].
Thromboembolic complications, including systemic emboli, occur at a rate of
0.7-6% patient-years in thrombosis of mechanical valves [30].

While rare, it is possible for a venous embolus to reach the arterial circulation,
causing acute arterial occlusion (paradoxical embolism). In such cases, a thrombus
with origin in peripheral veins crosses over to the arterial circulation when the
patient has a persistent foramen ovale or intracardiac shunt or there is reversal of
the pressure gradients between right and left heart chambers [31].
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Cholesterol embolization syndrome (atheroembolism) refers to embolization
of the contents of an atherosclerotic plaque (primarily cholesterol crystals) from a
proximal large-caliber artery to distal small to medium arteries causing end-organ
damage by mechanical plugging and an inflammatory response [32]. Embolization
of cholesterol crystals from ulcerated atherosclerotic plaques is well known.
Disseminated cholesterol emboli may produce a systemic illness with livedo reticu-
laris of the lower limbs and splinter hemorrhages of the nails [33]. Atheroembolism
leads to multifocal ischemic lesions and progressive tissue loss [34] (Figure1). It
occurs predominantly in elderly men with a history of atherosclerotic disease and
hypertension [35]. Lesions of differing ages were found in individual cases, sug-
gesting that the process of embolism was recurrent [33]. They can occur spontane-
ously, but are more common after trauma, endovascular procedures, open vascular
surgery, thrombolysis, and anticoagulation [36, 37]. Extra-cardiac emboli are very
often associated with aortic, iliac, femoral, and popliteal aneurysms. They occur in
5-10% of cases [38].

Tissues’ resistance to anoxia is dependent on several factors, which includes meta-
bolic requirements and the effectiveness of collateral circulation [39]. The peripheral
nervous system is affected first [40], and therefore loss of sensation is one of the earli-
est signs of acute leg ischemia [7], the skeletal musculature is affected soon afterwards,
and irreversible damage can occur after 6 h of ischemia. The skin, subcutaneous tissue,
bone tissues, and cartilage have greater resistance to ischemia [40]. This is why muscle
tenderness is one of the end-stage signs of acute leg ischemia [7] Table 1 shows the
lower limb emboli sources.

Figure 1.
Atheroembolism.
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Cardiac

1. Atrial fibrillation

2.Left ventricular aneurysm
3.Intracardiac shunt
4.Valve disorders
5.Myocardial infarction
6.Heart failure

7. Intracardiac tumors
8.Endocarditis

Extracardiac

1. Aorta-iliac penetrating ulcers

2. Aneurysms of the aorta, iliac, femoral, and popliteal arteries

3.Iatrogenic (invasive diagnostic, therapeutic procedures, cardiovascular surgery, thrombolysis
and anticoagulation)

4.Cholesterol embolization syndrome (atheroembolism)

5.Trauma

Table 1.
Lower limb emboli sources.

3. Clinical assessment

The symptoms caused by vascular occlusion depend on the size of the artery
occluded and whether collaterals have developed beforehand [7]. The classic
description of acute occlusion of a lower limb artery is of acute pain with sudden
onset, cyanosis, paresthesia, paralysis, cold, pallor, and absent pulses distal to the
site of occlusion (Figure 2). The symptoms of paresis, hypoesthesia, or even paraly-
sis are related to ischemic damage to nerve fibers. The segment distal to the occlu-
sion will exhibit pallor of variable extent and intensity, intensifying when the limb
is raised. In the majority of cases of acute arterial occlusion, pulses distal of the site
of occlusion are absent, but in rare cases they may be present because of collateral
circulation. In this patients, onset of pain may be more insidious and pain may be
less intense [8]. Therefore, sudden occlusion of a proximal artery without existing
collaterals leads to an acute white leg, whereas occlusion of the superficial femoral
artery in the presence of well-established collaterals may be asymptomatic [7].

Handheld Doppler examination is also a basic part of the examination. The presence
of normal biphasic signals excludes the diagnosis. Pedal arterial signals may be absent
or reduced. Soft monophasic signals are associated with patent distal vessels but proxi-
mal arterial occlusion. Absent Doppler signals in the ankle arteries is a poor prognostic
sign. In severe ischemia, ankle Doppler pressures are impossible to measure. In patients

Figure 2.
Clinical assessment of acute arterial embolism of the lower limb.
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Category Description/prognosis Findings Doppler signals
Sensory loss Muscle Arterial Venous
weakness
1. Viable Not immediately threatened ~ None None Audible Audible

II. Threatened

a. Marginally Salvageable if promptly Minimal (toes) None Inaudible ~ Audible
treated or none

b. Immediately Salvageable with immediate ~ More than toes, Mild, Inaudible Audible
revascularization associated with moderate

rest pain

III. Irreversible Major tissue loss or Profound, Profound, Inaudible Inaudible
permanent nerve damage anesthetic paralysis
inevitables (rigor)

Table 2.

Clinical categories of acute limb ischemia.

with severe ischemia, irreversible muscle necrosis occurs within 6 h if the condition
isuntreated [7]. The severity of limb ischemia at the time of admission to the hospital
seems to be a more important factor in limb salvage than the time interval between
embolic episode and operation. Even after long delay, if the limb appears to be viable on
examination, the probability exists for a successful operation. This is due to adequate
collateral circulation supplying the extremity until the blockage is removed [41].

It is difficult to determine by clinical examination the limits of reversibility of
lower limb ischemia. Tissue viability tests should be performed. Rutherford et al.
[42], proposed a clinical classification of acute limb ischemia comprising 3 groups
in an attempt to establish parameters to define treatment (Table 2). Three general
classes are recognized:

Class I: Non-threatened extremity; elective revascularization may or may not be
necessary.

Class II: Threatened extremity; revascularization is indicated to prevent
tissue loss.

Class III: Ischemia has progressed to infarction and salvage of the extremity is
not possible.

The most lethal form of acute arterial embolism is emboli of the aortic bifurca-
tion, with symptoms in both lower limbs and in some cases spinal ischemia caused
by involvement of lumbar arteries [43].

4. Complementary exams

When time permits, some methods can be used to definitively determine the site
and nature of the arterial occlusion. Investigation may be valuable in confirming
the clinical diagnosis and planning the treatment for patients with acute ischemia.
The modern treatment in a hybrid operating room with access to the full range of
surgical and interventional procedures is the best approach. Unfortunately, some-
times there may be no time for investigation [7].

4.1 Ultrasound

The Doppler Ultrasound exam can be employed in cases of acute ischemia to
define the level of the arterial occlusion and the patency of other vessels [7]. It can
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also provide information that confirms diagnosis and occasionally reveals concur-
rent venous thrombosis. Detection of distal flow at pressures exceeding 50 mmHg
confirms significant collateral circulation, demonstrating that additional time is
available to conduct a more thorough evaluation of the case [8]. Portable ultrasound
machines may permit rapid, bedside imaging by vascular specialists trained in
duplex imaging [7].

4.2 Computed tomographic angiography (CTA)

CTA has become the exam of choice for urgent investigation of acute arterial
ischemia [7]. It provides good quality images, offering the possibility of three-
dimensional reconstruction, and is of similar quality to angiography [8] (Figure 3).
A new-generation computed tomography scanners acquire images at very high speed
and are available in most emergency suites. The images sometimes require manipu-
lation to produce the best results. These images are particularly good for aortoiliac
occlusions but give adequate information to plan treatment of infrainguinal occlu-
sions [7]. It has the disadvantage of using iodine contrast, which restricts use of this
examination with patients allergic to iodine or with pre-dialysis chronic stage of
renal insufficiency [8]. In these cases, intravenous fluids should be considered for

prehydration [7].
4.3 Arteriography

Arteriography was the mainstay of investigation for acute leg ischemia, but it
is less accessible than CT angiography in many hospitals without a hybrid opera-
tion room [7]. It should be chosen in selected cases with viable extremities, in
which it will not delay treatment. Immediately threatened patients should undergo

Figure 3.
Angiotomography demonstrating acute arterial embolism in the origin of the left external iliac artery (arrow).

62



Acute Arterial Embolism of the Lower Limb
DOI: http://dx.doi.org/10.5772/intechopen.84396

embolectomy at once, conducting arteriography intraoperatively. This examination
can reveal the embolic or thrombotic nature of the obstruction in a large number of
cases [8]. Brachial puncture can be used in the absence of femoral pulses. The arte-
riography documents the level of occlusion and sometimes its nature. Sometimes
emboli can be seen in several vessels, establishing the diagnosis.

Arteriography may not visualize all the distal vessels in the acute situa-
tion, because the lack of collaterals and associated spasm limit visualization.
Angiography is the best choice when an endovascular solution to the arterial
occlusion is likely, because thrombolysis, percutaneous thrombectomy, angioplasty,
or stenting can be performed during the same operative session. It may still be
worth exploring distal vessels surgically when contemplating a distal bypass in this
situation [7].

There are angiographic signs suggestive of emboli: a filling defect at the level of
the occlusion, normal artery wall, poor or absent collateral circulation, and occlu-
sive involvement at bifurcations [8].

4.4 Magnetic resonance angiography (MRI)

It has not yet fully established the point MRI can be used to substitute conven-
tional angiography (which remains the gold standard diagnostic examination) or
angiotomography, which offers better results in cases with calcified atherosclerotic
plaque [8]. MRI has the advantage to produce an image, without the need of ion-
izing radiation or nephrotoxic contrast agents [44].

Magnetic resonance angiography with gadolinium is less useful than either CT
or ultrasound in the acute limb ischemia. It takes time to acquire images, and is
generally inconvenient [7].

4.5 Echocardiography

The echocardiography can be omitted when a cardiac source of embolism
appears from the clinical setting [45]. In practical terms, the investigation rarely
alters management, because most patients are anticoagulated for life after suc-
cessful treatment for acute ischemia. There are certainly some conditions that
require echocardiography to make a diagnosis, such as valvular disease (includ-
ing vegetations), septal defect, and cardiac tumor. Problems associated with the
routine application of echocardiography include the variability in results between
transthoracic and transesophageal techniques, the inability to visualize the left
atrial appendage, the fact that failure to visualize the source of an embolus does not
rule out its existence, and the test’s lack of influence on overall management [46].
A practical view would be that echocardiography is indicated in young patients,
those in whom a cardiac diagnosis is suspected, and those in whom the results might
affect decisions about long-term anticoagulation [7].

4.6 Laboratory tests

Muscle ischemia is accompanied by a considerable increase in creatine phospho-
kinase (CPK). The elevation is so marked that for a long time it was considered that
CPK level was a determinant of the degree of ischemia and of prognosis of recovery
of the ischemic limb after revascularization. The level of leukocytes in circulation
may also increase [47]. LDH and SGOT levels are also increased in cases of acute
arterial occlusion, because of the ischemic insult to skeletal musculature. Some
authors recommend testing levels of LDH, CPK and their respective isozymes in
these patients [48, 49].
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5. Treatment

Once the initial assessment is complete, a decision should be made about the
intervention required and its timing. The threat to the limb escalates with secondary
thrombosis of underperfused distal vessels, particularly in patients with emboli.
The following options are available: anticoagulation alone, operative intervention,
and endovascular intervention via mechanical thrombectomy or thrombolysis
[7]. A distinction between subacute (class I) and true limb-threatening ischemia
(classes Ila, IIb and IIT) becomes relevant regarding the urgency of care and risk of
limb loss [50].

The choice of intervention depends on the available expertise and the severity of
the leg ischemia [1]. There is a suggestion that endovascular first treatment may be
more expensive overall [51], but even in modern series, open vascular reconstruc-
tion for acute limb ischemia carries a significant risk of major morbidity (20%) or
limb loss (22%) [52].

5.1 Auxiliary measures

In patients with there is risk of renal dysfunction, so an intravenous infusion

of fluid is appropriate [7]. Other first-aid measures that are beneficial in patients
with leg ischemia include the use of oxygen. This has been shown to improve skin
perfusion, even in the ischemic limb [53]. A blood sample is indicated. In patients
with recurrent thrombosis, a full thrombophilia screen should be performed at this
stage [54, 55]. These tests are indicated in patients with a strong family history of
arterial and venous thrombosis or those with recurrent disease [56, 57]. Analgesics
and sedatives are also employed for pain relief [8].

5.2 Anticoagulation

Heparin should be administered as soon as possible when the acute arterial
occlusion has been diagnosed. This drug prevents secondary thrombosis and venous
thrombosis that may be present from advancing, both of which are factors that
worsen prognosis [58, 59]. Use of anticoagulation alone as a treatment implies that
the limb is likely to remain viable or that other therapeutic options are limited,
perhaps by age or comorbidity. The anticoagulants made an immediate impact in
the morbidity and mortality rates after their introduction [60, 61].

Whereas low-molecular-weight heparin is a valuable therapy for many condi-
tions, the potential for reversal with protamine makes calcium heparin the drug
of choice in this situation [7]. The majority of authors recommend intravenous
administration of calcium heparin in bolus at a dosage of 5000-10,000 units
[58, 59]. In patients in whom definitive treatment is deferred an intravenous heparin
infusion (18 U/kg/h) should be prescribed [62].

5.3 Thromboembolectomy

After Fogarty et al. described the embolectomy catheter for the remote removal
of a clot via a groin incision in 1963, surgery became the main treatment for acute
leg ischemia [63]. The arterial thromboembolectomy is an efficient treatment for
acute arterial thromboemboli of lower limbs, especially if a single large artery
is involved. Unfortunately, residual thrombus, propagation of thrombi, chronic
atherosclerotic disease, and vessel injuries secondary to balloon catheter passage
may limit the clinical success rate [64].
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While the time elapsed between the embolic episode and effective treatment is
an important prognostic factor, experience has shown that good results can still be
achieved even with late thromboembolectomy, as long as the limb is viable [11, 65].
The most appropriate access for aortoiliac, femoral, popliteal emboli is the com-
mon femoral artery at the femoral triangle (bilaterally for emboli of the aorta) [17]
(Figure 4). Embolectomy is less likely to be effective for distal occlusions [8].

The benefits of open surgical embolectomy are rapid restoration of blood flow
and the ease of the procedure, whereas the risks include a greater physiological
stress and concomitant blood loss [50].

5.4 Thrombolysis

Unlike surgical embolectomy, thrombolysis lyses clot in both large and small
arteries and arteriolar and capillary beds [66].

Low dose intra-arterial fibrinolytic therapy treatment has its place as an alterna-
tive to surgical treatment of acute embolic occlusions in selected cases [67, 68].

The recommendation for intra-arterial thrombolysis is applicable to patients with
embolic acute arterial occlusion of less than 14 days duration and with sufficient
collateral circulation to maintain limb viability for 12 h [69, 70].

Currently available agents include alteplase (rt-PA), reteplase (rPA), and
tenecteplase (TNK). The bolus is delivery of a single concentrated dose of thrombo-
lytic agent throughout the occlusion and then the continuous infusion is initiated.
Pulse spray refers to repeated forceful injection of thrombolytic, thus distributing
the agent rapidly throughout the thrombus.

Figure 4.
Embolectomy in lower limb: (A) exposure of the femoral arteries and arteriotomy; (B and C) introduction of
the Fogarty catheter for thrombus removal; and (D) thrombi removed from the arterial system.
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The commonly used doses today are Alteplase (rt-PA): continuous, 0.5-1.0 mg/kg/h
(40 mg maximum); bolus, 2-5 mg bolus, then continuous infusion; pulse spray,
0.5 mg/mL at 0.2 mL every 30-60 seconds, Reteplase (rPA): continuous, 0.25-0.5 U/h
(20 units maximum); bolus, 2-5 U bolus, then continuous infusion and Tenecteplase
(TNK): continuous, 0.125-0.25 mg/h; bolus, 1-5 mg, then continuous infusion (20).

Streptokinase, the first-generation agent, is still used in some centers. This drug is
used intra-arterially, by continuous infusion through a multiperforated catheter, posi-
tioned immediately before the obstruction, with release of the thrombolytic inside the
thrombus, activating plasminogen bound to it [71]. This technique made it possible to
use streptokinase at much lower doses, reducing the risk of hemorrhage, while main-
taining its thrombolytic power. The dose used is 5000 Ul/h, controlling coagulation
status every 12 h by fibrinogen assay, TP, and TTPA, attempting not to allow fibrino-
gen to fall below 100 mg%. Good results are achieved using this technique [72-74],
although there are hemorrhagic complications in up to 20% of cases [59]. The infusion
is then maintained at a dosage of 1 mg/h and the patient is kept anticoagulated with
unfractionated heparin on a continuous infusion pump [8]. Heparin can be infused
intravenously or intra-arterially through the sheath. A bolus at the time of thromboly-
sis initiation is not recommended. An infusion rate to raise PTT to only 1.25-1.5 of
control is recommended. Most practitioners use between 200 and 500 U/h [20].

Some prospective and randomized studies compared direct thrombolysis
with surgical revascularization in cases of acute arterial occlusion and the two
approaches were not different for limb salvage or mortality, but fibrinolysis was
associated with a higher risk of hemorrhagic events [66, 75-77].

5.4.1 Contraindications to thrombolytic therapy

Many patients with acute limb ischemia are not candidates for thrombolysis
because of excessive major bleeding risks. All major and minor contraindications
should be viewed in the context of the clinical circumstance. The increased risk of
bleeding complications may be assumed if the alternative is likely limb loss or death
[20]. Table 3 lists thrombolytics contraindications [78].

When using thrombolytics, arteriography should be performed every 6 h, or
in the event of changes to the patient’s clinical. Fibrinogen assay also should be
performed every 6 h. If the results of these tests are undesirable, fibrinolytic agent
should be suspended [8].

The criteria for successful thrombolysis are radiological evidence of lysis with
arterial recanalization at least as far as the next major collateral, an increase in the
ankle brachial index greater than or equal to 0.2, limb salvage at 30 days without
recourse to reconstructive surgery at the level at which lysis was performed and no
clinical evidence or rethrombosis within the first 30 days [79].

5.5 Percutaneous aspiration thrombectomy

The treatment of the arterial embolism of the lower limb has evolved signifi-
cantly, especially regarding the development of endovascular devices.

Percutaneous aspiration thrombectomy is another resource that offers and is an
alternative to surgical treatment and can be combined with angioplasty or fibri-
nolytic therapy [80, 81]. These materials generally employ simple mechanisms for
aspiration or destruction of the thrombus [82].

Promising results were obtained for percutaneous mechanical thrombectomy,
employing a range of different equipment [81, 83-86]. The trend is that endovascu-
lar treatment significantly evolves, with the development of new and less invasive
of these devices.
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Absolute

1. Established cerebrovascular event (including transient ischemic attacks within last 2 months)
2. Active bleeding diathesis

3.Recent gastrointestinal bleeding (<10 days)

4.Neurosurgery (intracranial, spinal) within last 3 months

5.Intracranial trauma within last 3 months

Relative major

1. Cardiopulmonary resuscitation within last 10 days

2. Major nonvascular surgery or trauma within last 10 days

3. Uncontrolled hypertension: >180 mmHg systolic or >110 mmHg diastolic
4.Puncture of noncompressible vessel

5.Intracranial tumor

6.Recent eye surgery

Minor

1. Hepatic failure, particularly those with coagulopathy
2.Bacterial endocarditis

3. Pregnancy

4.Diabetic hemorrhagic retinopathy

Table 3.
Thrombolysis contraindications.

6. Postoperative anticoagulation

Postoperative anticoagulation is recommended long term and, sometimes, even
indefinitely, in cases of atrial fibrillation and arterial emboli in which the source
of origin is not identified or is not controlled [11]. One study demonstrated 31%
recurrence of emboli in patients not taking anticoagulants during the postoperative
period vs. 9% among those taking anticoagulants [16].

New drugs are currently used for postoperative anticoagulation, mainly factor
Xa inhibitors. There are evidences to justify its use, in order to prevent recurrent
episodes.

7. Postoperative complications

High operative mortality among patients suffering from acute ischemia is a
well-established observation. Both serious cardiac disease and reperfusion injury
contribute to mortality [87].

Mortality from acute arterial occlusion are reported from 7 to 37% and the
amputation rate in patients with embolism 10-30% [88, 89].

Acute myocardial infarction and arrhythmia are responsible for the majority of
deaths and, despite advances in technology and clinical support, mortality among acute
arterial occlusion patients remains high [8], particularly among the elderly [90]. One
study demonstrated that New York Heart Association (NYHA) classification was the
most important predictor for survival (class 3-4 had a 3.35 times higher death rate than
class 1-2) [91]. Advanced age, recent myocardial infarction and proximal occlusions are
also associated with a high mortality rate after arterial thromboembolectomy [92].

7.1 Compartment syndrome

After limb revascularization (particularly if ischemia is intense and prolonged)
compartment syndrome may occur. This is due to edema increasing the pressure
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in muscle compartments situated between inelastic fascia and bones, which can
compromise tissue perfusion. It may be caused by a chain of events secondary

to ischemia-reperfusion, including with release of thromboxane A2 [8]. The
ischemia-reperfusion phenomenon plays an important role in the pathogenesis of
compartment syndrome due. Ischemia-reperfusion increases compartment volume
by causing muscle tissue injury, which leads to increased microvascular perme-
ability, with efflux of plasma proteins and progressive interstitial edema [93]. With
reperfusion, oxygen radical generation exacerbates microvascular permeability and
resulting interstitial edema [94].

For diagnosis, some authors describe tissue pressures exceeding 30-45 mmHg
[95, 96]. However, there are also authors who recommend diagnosis based on
clinical criteria alone (spontaneous pain, pain on flexion or passive extension of the
foot, tense edema, hypoperfusion, missing pulse, paresthesia, anesthesia, paresis,
or paralysis) [8]. Risk factors for compartment syndrome after acute arterial isch-
emia includes prolonged ischemia time, young age, insufficient arterial collaterals,
acute time course for arterial occlusion, hypotension and poor back-bleeding from
the distal arterial tree at embolectomy [94].

Once a diagnosis of compartment syndrome has been made, fasciotomy should
be conducted promptly, since it releases muscle compression, reestablishes capillary
blood flow, and restores the caliber of arteries e veins. In general, this procedure
is associated with low morbidity. The staged fasciotomy technique is generally
sufficient to decompress the anterior and posterior compartments. If this does not
provide sufficient relief of compression, 4-compartment fasciotomy should be
performed via a wide incision. Incisions can be sutured after 1-2 weeks or heal by
secondary intention [8].

7.2 Ischemia: reperfusion injury

This primarily occurs after ischemia of large muscle masses, which can develop
local and systemic metabolic abnormalities after arterial desobstruction and
reperfusion of ischemic tissues [97]. One study demonstrated a 7.5% incidence of
this syndrome in patients with acute arterial occlusion, with 4.7% mortality [98].

Serious metabolic abnormalities can develop with ischemia of the lower limb
muscle mass [99]. Ischemia compromises the integrity of the cell membrane and
cause cellular dysfunction [100-102]. The reperfusion can exacerbate it, making the
damage irreversible [103].

Tissue hypoxia results in movement of neutrophils and macrophages into the
interstitium through the action of hypoxia adaptive pathways [104-106]. Activated
neutrophils subsequently release molecular mediators, which contribute to the
production of adenosine on the vascular endothelial surface, a protective factor that
restores endothelial integrity [107, 108]. Activated leukocytes also have significant
pro-inflammatory consequences. Neutrophils release factors that increase endothe-
lial permeability and cytoskeletal rearrangement [109].

During ischemia, the supply of oxygen to cells is reduced, decreasing aerobic
metabolism and, consequently, reducing the energy available for maintenance
of cellular metabolism [110]. In consequence of the reduced energy supply, the
sodium-potassium-ATPase protein is affected and the sodium and potassium pump
fails, resulting in cellular edema and ion flow disorders [111].

Oxygen free radicals are produced by molecular oxygen reintroduced into the isch-
emic tissue during reperfusion [102]. They can cause cell injury by reacting with poly-
saturated fatty acids, leading to peroxidation of lipid components in the membrane
[112], which can rupture cell integrity [102] and attract leukocytes to the ischemic
tissues. Reperfusion of ischemic tissue can have effects that are highly damaging to the
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function of distant organs [113]. Data are emerging regarding the important role of
the tumor necrosis factor-o (TNF-a), released from activated macrophages [114].

Serious pulmonary injuries, such as low oxygen tension, pulmonary edema,
pulmonary hypertension and inflammatory response, can be caused by the activity
of mediators such as free oxygen radicals, thromboxane, leukotrienes and neutro-
phils [115, 116].

Serum potassium levels can vary after revascularization. Hyperkalemia is a con-
sequence of myocytolysis and, in combination with acidosis, can lead to myocardial
depression, hypotension, arrhythmia, and cardiac arrest. Renal dysfunction may
occur, depending on the degree of metabolic acidosis, muscle injury, myoglobinuria
and hypovolemia [117, 118].

Adjuvants measures can be useful to attenuate or avoid additional damage
to cells during the reperfusion period. These measures include hypothermia,
controlled reperfusion, and hemodilution [119]. In some cases, it can be useful to
drain the effluent blood from the limb, immediately after revascularization, with
the objective of removing toxic products that have built up during the period of
ischemia [18]. Free radical scavengers still need to be further evaluated for their
efficacy for reducing post-reperfusion cellular damage [120]. There is evidence that
antioxidant vitamins and calcium channel blockers could be useful for attenuating
ischemia-reperfusion cell damage [121]. Preventative measures for ischemia-reper-
fusion syndrome are alkalinization, osmotic diuresis and correction of hyperkale-
mia. Red blood cells can be washed, resuspended, and reinfused [122, 123],
primarily in cases with muscle rigidity [122].

8. Future avenues/developments

Advances in this area are evident. For many years, there was no specific treat-
ment for lower limb embolism. The most serious cases were treated only with
analgesia and amputation. The Fogarty catheter revolutionized the prognosis of
these patients. Now, ever-greater advances are made, and even less invasive treat-
ments gain space.

The tendency is that endovascular treatment, including fibrinolysis and per-
cutaneous aspiration, evolves more and more, with the development of new and
less invasive devices, and will probably be considered the treatment of choice for
embolic occlusion of the lower limb.

9. Conclusion

Acute limb ischemia of the lower extremity is a potentially devastating condition
that requires urgent and definitive management. The two principal etiologies of
acute ischemia of the lower limbs are arterial embolism and in situ thrombosis of an
atherosclerotic artery.

Despite major advances in the contemporary management of peripheral arte-
rial occlusive disease, acute ischemia of the lower limb is still characterized by an
important morbidity, limb threat, mortality, and continues to pose a challenge to
the vascular surgeon.

Atrial fibrillation, left ventricular aneurysm, penetrating ulcers or aneurysms
of the aorta and common iliac arteries are the common sources of emboli. The
presence of occlusion can be determined noninvasively with the use of duplex
Doppler ultrasonography. If time permits, Arteriography, Computed Tomographic
Angiography and Magnetic Resonance Angiography can also be employed.
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Embolectomy is the standard procedure for acute leg ischemia, mainly in
patients with a strong clinical suspicion of an embolus, but alternative techniques,
such as catheter-directed thrombolysis or percutaneous aspiration thrombolectomy,
expand the role of radiologic percutaneous therapy of the acutely ischemic limb.

The worse consequences of acute limb ischemia are prolonged hospitalization,
major limb amputation, and death, so prevention strategies should be aimed to
avoid the episode.
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Abstract

Thromboembolic disease during pregnancy is a significant cause of maternal
morbidity and mortality involving venous or arterial thrombosis and possible clin-
ical manifestations like clinical symptoms of antiphospholipid antibody syndrome
and hyperhomocysteinemia. For diminishing the prevalence of thromboembolic
disease, the early identification of pregnant women with various risk factors for
thrombosis without clinical symptoms is of great importance. However, the optimal
management for asymptomatic pregnant women who have inherited thrombophilia
is uncertain and recognized only due to pregnancy complications such as recurrent
pregnancy loss and preeclampsia. The clinical approach to thromboembolism is the
same in pregnant women with or without thrombophilia. Based on family history,
clinical symptoms should begin with simple reliable inexpensive laboratory tests
like prothrombin time and activated thromboplastin time to test the status. Early
diagnosis and appropriate use of thromboprophylaxis lead to increasing better
maternal and perinatal outcomes. Conclusively, it is important to recognize these
patients in order to prevent all pregnancy complications.

Keywords: thromboembolic diseases, pregnancy, diagnostic criteria,
complications, treatment

1. Introduction

It is well known that thromboembolic disease is an important cause of maternal
morbidity and mortality [1, 2]. Moreover, pregnancy is a period of increased coag-
ulation [1, 2]. The above underlines the need to assess thrombotic risk at all stages of
pregnancy [3, 4]. To detect pregnancies with an increased risk of thromboembolic
disease requires an individual, family history of thromboembolic events, obesity, or
surgery [3, 4]. In order to reduce the incidence of this condition, it is necessary to
identify women with multiple risk factors for thrombosis during pregnancy [5, 6].
In women with an individual or family history of proven thromboembolic disease,

81 IntechOpen



Embolic Diseases - Evolving Diagnostic and Management Approaches

examination for thrombophilia should be performed at the beginning of pregnancy
(5, 6].

The term thrombophilia is used to describe a blood coagulation disorder and
includes a series of conditions with increased risk of blood clot formation in vessels.
It may be congenital or acquired, and all the symptoms depend on the location as
well as the extent of thrombosis [7, 8]. Thrombophilia was first introduced by
Egeberg in 1965 and until now expresses any disorder related to anticoagulant
mechanism causing increase tendency for venous thromboembolism, deep vein
thrombosis, or pulmonary embolism [7, 8].

Congenital thrombophilia: It is used for inborn and more often hereditary abnor-
malities. On the contrary, acquired thrombophilia refers to all cases that present later
in life.

Inherited thrombophilia: In this case, patients present earlier the first thrombo-
embolic episode in comparison with general population. In addition, many clinical
types of hereditary thrombophilia are associated with pregnancy complications
such as recurrent miscarriage, preeclampsia, endometrial growth retardation, and
HELLP syndrome [9-14].

Completely inherited thrombophilia causes:
* Antithrombin III deficiency.

* Protein C deficiency.

* Protein S deficiency.

* Mutation in factor V.

* Prothrombin gene mutation.

Partially inherited thrombophilia causes:

* High levels factor VIIIc.

* Mild hyperhomocysteinemia.

2. Inherited thrombophilia causes

Antithrombin and C protein are natural coagulation inhibitors, so any deficiency
of them predispose for thrombosis. Leiden mutation of factor V is the most com-
mon thrombophilic abnormality making anticoagulant protein secreted enable to
bind to factor V. Prothrombin G20210A gene mutation is also frequent, causing
high levels of inactive prothrombin [15]. Increased factor VIII levels above the 75th
position are also a strong risk factor for thromboembolic disease, as well as mild
hyperhomocysteinemia (Table 1) [13].

Thrombophilia is a group of disorders that stimulate blood clotting. Patients
with thrombophilia form clots very easily, either because they produce in excess
certain proteins called coagulation factors or because they produce less anticoagu-
lants [15-18].

Most thrombophilic patients are unware for their disease because they do not
demonstrate symptoms. However, some will develop a thrombus at some place.
Usually clots present in the lower limbs, deep vein thrombosis, causing edema,
redness, and dysphoria. These clots can lead into lethal events if they move and
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General population =~ Thromboembolic history (%)

Antithrombin, C-protein and protein S 1% 7
deficiency
Factor V Leiden Caucasian: 4-7% 21

Non-Caucasian: 0-1%

Prothrombin G20210A Caucasian: 2-3% 6
Non-Caucasian: 0-1%

High levels factor VIIIc 11% 25
Mild hypehomocysteinemia 55 10
Table 1.

Appearance of Inherited thrombophilia.

travel via blood circulation to vital organs (venous thromboembolism). When the
clots block vessels in the lungs, brain, or heart, it can lead to embolism, stroke, or
heart attack. A thrombophilia can also increase the risk of coronary artery disease.
Clots are more frequent in patients with additional risk factors like immobility or
undergoing surgery. Pregnancy is a status when the signs of thrombophilia are very
common [15-18].

In general, women with thrombophilia do not have more pregnancies with
complications, but late pregnancy loss in the first or later in the second trimester,
placental abruption, and incomplete fetal development are the most frequent. Also,
thrombophilia may be clots implicated in preeclampsia. These problems are
believed to arise due to thrombus formation in the placenta, a phenomenon that
leads to changes in the placenta and a reduced blood flow to the fetus. Pregnant
patients with thrombophilia have a higher risk of developing thromboembolic dis-
ease than pregnant women without thrombophilia. Generally, pregnancy is a period
of increased risk for thromboembolic disease even in women without
thrombophilia. This is due to the changes accompanying normal pregnancy involv-
ing blood clotting and limiting the loss of blood during childbirth. In the USA,
pulmonary embolism is the first cause of maternal death [7, 19-21].

3. Risk factors for thromboembolic disease associated with pregnancy

During pregnancy, normal changes occur in the coagulation system. According
to the literature, an increase in coagulation factors Ve, VIllc, Xc, and von

Hereditary disorders Acquired disorders
Prothrombin III deficiency Antiphospholipid syndrome
C & S protein deficiency Paroxysmal nocturnal hemoglobinuria
Factor V Leiden Hyperhomocysteinemia
Hyperhomocysteinemia Myeloproliferative disorders
Prothrombin G20210A Cancer
Dysfibrinogenemia Inflammatory bowel disease
Factor VII, XII & plasminogen deficiency Nephrotic syndrome
High levels of factor VII, IX, XI, tPA, PAI Cardiac insufficiency

Table 2.

Risk factors leading to thrombosis disovders.
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Willebrand factor antigen and reduction in total and free S protein have been
observed. In addition, coagulation activation markers are increased particularly in
the third trimester of pregnancy. There is no significant change in plasma levels of
protein C or antithrombin III throughout pregnancy. The increase in platelet-
derived inhibitor of typ. 2 plasminogen activation (PAI-2), which is produced in
increased amounts during pregnancy, partly contributes to the attenuation of fibri-
nolytic activity. These physiological changes during pregnancy develop a relative
thrombotic tendency. Moreover, during pregnancy, cesarean section, previous
thromboembolic event, high BMI, multiple pregnancies, infections, preeclampsia,
immobility, and maternal age are additional risk factors for venous thromboembolic
events (Table 2) [13, 22-24].

4. Pregnancy complications

Inherited thrombophilia is present almost in the half of the cases of pregnancy-
associated venous thromboembolic events (VTE). Homozygous women with Lei-
den or prothrombin gene mutation have double risk for recurrent miscarriage in the
first trimester [22].

It is well known that during pregnancy, levels of coagulation proteins like protein
S, protein C, and antithrombin III are decreased, but deficiencies in these factors can
easily lead to hypercoagulation. On the other hand, women with antithrombin defi-
ciency and hyperhomocysteinemia may lead to higher risk of placental abruption.
Finally, there is no evident correlation between high level VIIIc and preeclampsia,
IUGR (intrauterine growth retardation), and HELLP syndrome [22-24].

5. Follow-up in women with inherited thrombophilia in pregnancy

Every woman with vein thrombosis or pulmonary embolism history is thor-
oughly investigated by laboratory tests, but in the case of acute thromboembolic
event during pregnancy, the treatment is not affected by the laboratory results.
Therefore, diagnostic tests must be taken before anticoagulant regimen or 1 month
after. The results must be evaluated keeping in mind that protein’s S levels are
normally decreased in pregnancy. Furthermore, almost 40% of women with no
mutation of factor V Leiden are presented with resistance of protein C. Moreover,
decreased protein S, C, and antithrombin are widely observed if another disease like
hepatopathy or nephritic syndrome coexists in pregnancy [25-29].

Low molecular weight heparin (LMWH) does not go through the placenta and is
safe for the fetus, as well as decreases the risk of bleeding. In addition, LMWH is
more stable and causes less platelet activation because of less binding of platelet
factor 4. The risk of thrombocytopenia is decreased [25].

6. Mechanisms of thrombosis in congenital thrombophilia

The mechanism of thrombosis in most cases of congenital thrombophilia is the
inability to inactivate thrombin or in the failure to control the production of
thrombin. Natural anticoagulants, such as antithrombin, retain the fluidity of the
blood. Antithrombin binds to heparin sulfate or endothelial cells and inactivates
thrombin, factor Xla, factor IXa, and factor Xa. Another anticoagulant, protein C,
controls the production of thrombin. When thrombin is bound to thrombomodulin
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in the blood vessels of the small blood vessels, thrombin is inactivated, and protein
C is activated [30-33].

In large vessels, connection of protein C to its receptor increases the activation of
protein C by thrombin. In turn activated protein C inactivates factors Va and VIII in
the presence of free S protein and phospholipids to prevent the production of
thrombin. Free S protein has anticoagulant effects: it prevents the prothrombinase
complex (agents Xa, Va, and phospholipids) that converts prothrombin to throm-
bin and the supportive complex (factors IXa, VIIIa, and phospholipids) that
converts factor X to Xa. The reduction in antithrombin activity prevents the inacti-
vation of thrombin, and the reduced energy of protein C or protein S minimizes
control of thrombin production. The aforementioned mechanisms increase the
vulnerability to venous thrombosis [30-33].

Mutations in the involved genes endanger the human organism. Mutations in the
factor V gene or prothrombin modify the thrombin production control. Replace-
ment of Arg 506GlIn factor V Leiden leads to a deceleration of proteolytic Va
inactivation, which results in increased production of thrombin. The mutant factor
V also decreases the action of the cofactor in the inactivation of VIIIa by activated
protein C [30-33].

7. Classification

Most types of thrombophilia are inherited, but there are some forms that appear
later in life. The two most common forms are associated with mutations in factor V
Leiden and prothrombin. Both of these forms are inherited in an autosomal
dominant way. Another common form, mild hyperhomocysteinemia (MTHFR
methylenetetrahydrofolate reductase), is inherited in an autosomal recessive
status. More rare forms include deficiencies of antithrombin IIT and C and S
proteins [34-39].

Antiphospholipid syndrome (APS) is a thrombophilia that is not inherited
but can later occur in life. In this syndrome, the body develops antibody to
phospholipid-bound proteins. These antibodies are suspected of damaging the
vessels, leading to clot formation. Therefore, the APS is considered as an
autoimmune disease [40-44].

In the question which women should be tested for thrombophilia, the answer is
that all pregnant women with a history of thrombus should be controlled according
to the American College of Obstetricians and Gynecologists. Doctors may suggest
screening for women with a family history of thrombi, pulmonary embolism, or
stroke that occurred before the age of 60 years or a history of complications during
pregnancy (including two or more miscarriages, a fatal embryo, preeclampsia,
placental abruption, or poor embryo development) [40-44].

Thrombophilia is considered to be a major predictor of thrombosis. Acquired
thrombophilia includes the lack of endogenous anticoagulants, protein C and S
antithrombin, genetic mutations in procoagulants such as FV-Leiden (FVL),
prothrombin G20210A, and the methylenetetrahydrofolate reductase or
methylenetetrahydrofolate methylene (MTHFR) gene [40-44].

Another group of thrombophilic diseases combine hereditary and acquired
characteristics such as factor VIlIc elevated, hyperhomocysteinemia, and acquired
activated C protein. Hereditary thrombophilia is due to autosomal mutations of
specific genes, which are inherited by one or both parents and are implicated in a
significant rate of miscarriage [44-49].

The major of these genes are:
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7.1.1 Factor V Leiden
1. Coagulation factor V and mutation (FV-Leiden-G1691A)

This mutation is one of the most common and most important genetic factors of
propensity for congenital thrombophilia. In the Greek population, it represents at
6-10%, while homozygous individuals are rarely detected.

In fact, heterozygous women have a 2-3 times increased risk of miscarriages, as
well as other complications such as preeclampsia and delayed fetal development.
Detection of a further mutation of A4044G in the same gene, although in itself, is a
mild thrombophilic agent, however, in combination with the FV-Leiden mutation,
increases the risk of thrombosis and, moreover, miscarriages [44, 45].

Prothrombin G20210A
2.Prothrombin or coagulation factor II (FII) or F2

The detection of G20210A mutation in the F2 gene is the second most common
form of thrombophilia, after factor V Leiden, and in our country reaches 4%. The
risk of vascular disease or auto-elimination in heterozygotes increases about three-
fold compared to the general population and homozygotes 20 times [46-49].

3.Gene of hyperhomocysteinemia: methylenetetrahydrofolate reductase or
methylene tetrahydrofolate (MTHFR).

Two important mutations, C677T and A1298C, have been implicated in the
deficiency of this enzyme, which leads to elevated levels of plasma cytotoxic
homocysteine. The C677T mutation is an important predictor of severe arterial and
venous deep vein thrombosis and infertility in men and women.

The risk of thrombosis is greater in subjects coexisting with the M77F mutation
of the V77-Leiden mutant [46-49].

7.1.2 Protein C deficiency

This deficiency is inherited by the autosomal dominant formula, presenting over
160 different mutations. Protein C deficiency is associated with familial thrombosis
with phenotypic variation. The heterozygous disorder is associated with adverse
events during pregnancy, such as deep vein thrombosis, preeclampsia, endometrial
growth retardation, and abortions. In cases of homozygosity, they have been asso-
ciated with a neonatal purple thunderbolt. Heterozygotes have an increased risk of
deep vein thrombosis by 8-10 times [46—49].

7.1.3 Protein S deficiency, antithrombin deficiency, and dysfibrinogenemia

This disorder is inherited by the autosomal dominant way. It is heterogeneous,
numbering over 330 different mutations. The mechanism by which thrombosis is
caused by abnormal fibrinogen production is not fully elucidated. Dysfibri-
nogenemia is sometimes manifested by a bleeding disposition or by a thrombotic
and hemorrhagic image [39-49].

With the recognition of factor V Leiden and the G20210A mutation of the
prothrombin gene, the proportion of patients with venous thrombosis has
increased, in which the diagnosis of hereditary thrombophilia can be established.
The predominant areas of thrombosis during pregnancy are the luteal veins and
veins of the foot [39-49].
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The term thrombophilia includes inherited or acquired lack of antithrombin, as
well as secondary syndromes characterized by either reduced levels of coagulation
inhibiting agents or elevated levels of coagulation factors. The age of the first
thromboembolic event is 10 years less for the general population [39-49].

Several clinical forms of hereditary thrombophilia are associated with pregnancy
complications such as abortions, preeclampsia, lethal newborns, endometrial
growth retardation, and HELLP syndrome.

Universal hereditary thrombophilia is due to antithrombin deficiency, protein C
deficiency, protein S deficiency, factor V mutation, and mutation of the prothrom-
bin gene 20210A. Increased factor VIIIc levels and mild hyperhomocysteinemia are
linked to multifactorial or partial inherited thrombophilia.

The natural inhibitors of coagulation are antithrombin and C and S proteins.
Factor V Leiden mutation is the most frequent thrombophilic disorder. The pro-
thrombin mutation 2010A generates higher levels of inactive prothrombin; elevated
factor VIII levels above the 75th percentile are a risk factor for thromboembolic
disease and mild hyperhomocysteinemia [39-49]. There is a double incidence of
first trimester abortions in prothrombin or V Leiden factor mutants. For the other
types, there is limited bibliographic data.

Cardinally, the relationship between hereditary thrombophilia and the incidence
of pregnancy loss appears to influence all stages of pregnancy. Concerning the other
complications, preeclampsia, lethargy, placental detachment, and delayed intra-
uterine growth seem to be more associated with factor V mutation. The lack of
protein S or C appears to be also associated more with preeclampsia and
unexplained lethal neonates. Hyperhomocysteinemia and prothrombin mutation
appear to be most associated with placental ablation. Finally, there seems to be no
relationship between elevated factor VIIIc levels and preeclampsia, IUGR, and
HELLP syndrome.

Laboratory findings include increased levels of factor VIII and fibrinogen,
decreased levels of protein S, resistance to activated protein C, decreased fibrinoly-
sis and Leiden factor V mutation, and G20210A antithrombin mutation. Monitoring
of pregnant women with hereditary thrombophilia involves the implementation of
a complete laboratory investigation. Laboratory testing is a common practice in
women with a history of venous thrombosis or pulmonary embolism [39-49].

However, in the case of an acute thromboembolic event in pregnancy, the
control is of limited value because it does not significantly affect the clinical
response. Therefore, this laboratory investigation should be done either before
anticoagulation treatment or 1 month after its discontinuation [39-49].

Laboratory findings should be interpreted with caution because levels of protein
S show a normal decrease in pregnancy and resistance to protein C occurs in 40% of
pregnancies without factor V Leiden disorder.

Also the coexistence of some other disease (liver disease, nephrotic syndrome) can
cause a decrease in C and S protein levels and antithrombin, respectively [39-49].

In contrast to pregnancy, the genotypes for factor V Leiden and prothrombin
G20210A can be safely interpreted. Treatment include thromboprophylaxis with low
molecular weight heparin (enoxaparin 0.5-1mg/kg/12 hours or dalteparin 50-100
IU/kg/12 hours) in combination with compression stockings. It is more recommended
for antithrombin and symptomatic patients [39—-49]. Enoxaparin 40 mg or dalteparin
5000 IU should be given daily for 4-6 weeks. Low MB heparin does not penetrate the
placenta, and so there is no risk of embryo or hemorrhage. Also in relation to classical
heparin, it affects more favorably the anticholate (antithrombotic) anti-Xa versus
anti-Ila (anticoagulant) effect resulting in a reduced risk of bleeding. It also exhibits
stable and predictable pharmacological activity and causes less platelet activation due
to less binding to platelet factor 4, reducing the risk of thrombocytopenia.
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Antiphospholipid syndrome (APS) is common in patients with autoimmune
diseases. Antiphospholipid antibodies are associated to these diseases (lupus,
scleroderma, etc.) [39-49]. In pregnancy, the mechanism of increasing venous
thrombosis in the antiphospholipid syndrome is not well known. The presence of
lupus anticoagulant is severe and can cause fetal bradycardia around the 25th week
of pregnancy and atrioventricular blockages [39-49].

APS diagnostic criteria include:

1. Vascular thrombosis.

2. Gestational complications.

3. Anticardiolipin antibodies.

4.Diluted Russell viper venom time (dRVVT).

5.Clot-based LAC (which detects the in vitro inhibitory activity of aPL
antibodies).

6.aPTT with silica as an activator (silica clotting time).
7.Kaolin clotting time (KCT).
8.Dilute prothrombin time (dPT).
9.Ecarin clotting time (ECT).
10. Textarin clotting time.

International Society on Thrombosis and Hemostasis (ISTH) and other guide-
lines recommend dRVVT as the first choice to confirm the diagnosis of APS and an
aPTT with low phospholipids and silica activator as second choice [50-54]. Vascular
thrombosis is the diagnosis of one or more clinical episodes of arterial, venous, or
capillary thrombosis in any tissue or organ.

Diagnosis of the antiphospholipid syndrome needs the existence of at least one
clinical and laboratory criteria [50-54]. Anticardiolipin or lupus anticoagulants
are found in two or more measurements of moderate or high levels of IgG-IgM
antibodies for a period of at least 6 weeks. In case of history with one or more
unexplained endometrial deaths of normal morphological embryos from the 10th
week of pregnancy or one or more premature births at week 34 and before or three
unexplained consecutive abortions before the 10th week of pregnancy,
anticardiolipin should be tested. As a consequence miscarriage is defined as the loss
of three or more pregnancies before the 20th week of pregnancy [50-54].

The mechanism in the abovementioned syndrome is not precisely specified.
Potential microtubule mechanisms are included, including autoantibody failure to
implant or develop embryo-fetal circulation. The abortions in the first trimester
may be due to insufficient trophoblast development and failure to produce effective
embryo-fetal circulation. They may also be due to thrombosis in the uterine-
pulmonary circulation due to inadequate binding to factor V trophoblast [50-54]. In
older gestational age, endometrial deaths are attributable to massive thrombosis in
the placenta, while mechanisms associated with other complications (preeclampsia)
are unknown.
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Despite the lack of large cross-references, the treatment pathway includes corti-
costeroids, aspirin, heparin, and coumarin [55-59]. In addition, the treatments
proposed are associated with a high risk for the mother and the fetus. Treatment
should only be used when the risk of complications is considered to be greater and
after a thorough discussion of pregnancy. Predictive poor outcome factors are the
title of anticardiolipin antibodies and the obstetrical history. Corticosteroids have
been extensively used in the past, but this practice was to a great extent abandoned
after the publication of Laskin et al. which revealed increased maternal morbidity
without sufficient evidence of improvement in perinatal outcome. Adoption is only
recommended in cases where the syndrome is complicated by clinically manifest
thrombocytopenia or lupus erythematosus. In these cases, a systematic check for
the possibility of diabetes mellitus or gestational hypertension is necessary [55-59].
Aspirin inhibits the formation of thromboxane and reduces the risk of thrombosis
due to platelet aggregation. It can be used during pregnancy because it usually does
not cause complications in the mother and the fetus. The use of low-dose aspirin can
be continued until delivery without significantly increasing the risk of epidural
hemorrhage in the application of epidural anesthesia. Regarding the efficacy of the
above treatment as monotherapy, there are currently no satisfactory conclusions
according to two recent studies [55-59]. Low molecular weight heparin is consid-
ered to be safer than classical.

Regarding the duration of treatment, others recommend prophylactic adminis-
tration until completion of the 37th week, suggesting then induction of labor and
other administration until the birth occurs automatically with concomitant admin-
istration of vitamin K antagonists [55-59]. Over-the-counter gamma globulin is
no longer recommended because there is no evidence of a clear improvement in
perinatal outcomes.

Coumarins are not particularly administered in the first and third trimesters as
potential teratogens and cause colonic disorders in the embryos due to easy passage
through the placenta and because they are associated with greater maternal mor-
bidity. Administration of these is indicated only in minimal cases of contraindica-
tion for the administration of heparin or aspirin [55-59]. The complications of
antithrombotic therapy in pregnancy include embryo-phytopathy (nasal hypopla-
sia, stiff epiphyses), CNS abnormalities (Dandy-Walker syndrome, visual atrophy),
embryonic hemorrhage, bleeding events, skin allergies, thrombocytopenia, and
osteoporosis [60-64].

Hyperhomocysteinemia is characterized by elevated fasting plasma homocyste-
ine (> 100 pmol/L in severe cases). The mild to moderate form has less elevated
fasting plasma homocysteine levels (>15-100 pmol/L). It causes homocystinuria,
cataracts, skeletal abnormalities, early angiopathy, thromboembolic events, and
mental retardation [60-64]. Characterized as a risk factor for thromboembolic
disease. Homocysteine levels are higher in males and increase with age. On the
contrary, pregnancy and estrogen decrease levels, due to genetic factors (lack of
p-synthase of cystathionine, or 5,10-methylenetetrahydrofolate reductase) [60-64].
There are also environmental factors that affect homocysteine levels (decreased
folic acid uptake and methionine intake, smoking, increased coffee intake,
decreased renal function, hypothyroidism, and certain drugs such as methotrexate,
steroids, cyclosporin, etc.). Homocysteine levels decrease during pregnancy
because of increased renal infiltration and hemodilution. Moreover, the fetus
increases the uptake of homocysteine. The high levels are linked to neural tube
damages, placental thrombosis, preeclampsia, and placental abruption. Also, the
rate of early abortion is increased [60-64].

The proposed mechanisms include vascular endothelial dysfunction, cell apo-
ptosis due to reduced nitrogen oxide bioactivity, decrease in antioxidant regulation,
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changes in platelet activity, elimination of prostacyclin biosynthesis pathway,
decrease in antithrombin activity, inhibition of protein C activation, and inhibition
of binding to the endothelium of the tissue plasminogen receptor [65-69].

Treatment includes substitution with vitamin B12 (0.5 mg/day) and folate
(0.5-5 mg/day). It is a low-risk treatment that reduces homocysteine levels in most
cases. Research clinical protocols have shown that B6 administration did not have
significant results [65-69]. However, according to recent trials, vitamin adminis-
tration did not contribute significantly to the reduction of complications. On the
other hand, the administration of folic acid at a dose of 5 mg/day reduced the
incidence of preeclampsia and prematurity and contributed to the increase in birth
weight. The latest results have not been adequately proved [65-69].

Consequently, hyperhomocysteinemia is a common and easily treatable cause of
arterial and venous thrombosis. The various treatments should be administered
with caution because there is a risk of increased thrombus incidence. It is worth
mentioning other acquired thrombophilia such as increased levels of coagulation
factors VIII, IX, and sometimes factor XI. The levels of these factors increase in
pregnancy with the main purpose of reducing the loss of blood in childbirth. The
levels of these factors increase in pregnancy with the main purpose of reducing the
loss of blood in labor [65-69].

In Europe, the annual incidence of deep vein thrombosis is about 124/100.000
and 60-70/100.00 for pulmonary embolism (PE). Especially in Greece PE is affect-
ing 1800 persons each year. In bibliography there are guidelines for prevention by
the National Drug Organization and the Greek Society of Orthopedics and Trauma
but not for diagnosis of thrombosis [65-69].

The DVT diagnosis is based on Wells score for DVT, levels of d-dimmers, venous
duplex or triplex ultrasonography and in rare cases on MRA. Wells score, EEG, chest
X-ray, arterial gas blood values, D-dimers, CTPA, V/Q scan, PA, and MRA are used
for PE diagnosis. D-dimer test has high sensitivity (80-85%), 99% negative predictive
value, and 30% positive predictive value. The normal value of 500 pg/L depends on
the age. In accord with ACP guidelines, the D-dimer value arises from the type: age x
10 pg/L. In general, d-dimers value used in patients with Wells score <2 or in patients
with intermediate or with low pretest probability of PE who do not meet all Pulmo-
nary Embolism Rule-Out Criteria (ACP guidelines) [65-69].

In patients whose PE is unlike, D-dimer assay plays important role in diagnosis, as
well as diagnosis is excluded in values under 500 ng/mL. On the other hand, spiral-CT
pulmonary angiogram (CTPA) is a tool diagnosing PE in patients who are in high risk.

In pregnancy, Wells test is not validated, but negative D-dimers are quite useful.
Serial, proximal ultrasonography and iliac vein ultrasound or abdominal magnetic
resonance venography can be also used. The treatment of acute VTE and PE
includes UFH, LMWH, fondaparinux, DOACS (direct oral anticoagulants), and
antivitamin K. Body weight-based LMWH or fixed dose of fondaparinux (7.5 mg) is
initially used, and after 1 or 2 days VKA (acenocoumarol) is added. An alternative
scheme includes rivaroxaban or apixaban from day 1 or dabigatran after 5-10 days
of heparin administration. Anti-Xa monitoring is indicated in pregnant women, in
patients with renal disease, and in underweight patients [65-69].

DOACS monitoring is not in routine. It is useful in the case of hemorrhage,
before surgery, and before and after use of antidote. The available DOACS in
Greece are dabigatran (DTI) and rivaroxaban, apixaban, and edoxaban (anti-Xa).
Among acenocoumarol and dabigatran or rivaroxaban, the prices have extremely
high difference [65-69].

Woarfarin is still preferred in cases of mechanical valves, rheumatic mitral valve
disease, advanced renal failure, cancer patients (if LMWH is not used), and high-
risk thrombophilia. Quantitative monitoring of DOACS is not a routine but can be
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applied in special cases such as elderly, low body weight, and low renal function. It
is well known that normal aPTT indicates that high dabigatran levels are not pre-
sent. Rivaroxaban prolongs PT in a linear and concentration-dependent way.
Idarucizumab is dabigatran antidote that can be used in life-threatening bleeding.
Hemodialysis can also reduce the plasma levels by 60% within 2 hours. Andexanet is
the anti-Xa antidote but is not yet approved [65-69].

Temporary inferior vena cava filters are an alternative method for fibrinolysis
when patients with PE or DVT cannot have anticoagulation treatment or in patients
with recurrent proximal DVT or PE, despite adequate anticoagulation treatment.

HIT II diagnosis is based on 4Ts score. Stop heparin and start alternative
anticoagulation such as anti-Xa or DTIs are the first step of management. When
PLTs >150.000/uL VKAs can be added. The treatment duration varies from 4 weeks
up to 3 months in VTE [65-69].

After the first DVT episode, the decision for long-term anticoagulation is based
on risk of thrombosis versus the risk of a major bleeding. At least a 3-month
duration therapy is recommended except in the cases of active cancer, recurrent
VTE, and high risk of thrombophilia as APS. Three different treatment phases in
VTE and PE can be described: the initial, just for the first few days; the short term,
up to 3-6 months; and the long term, beyond the first 6 months. HER DOO
algorithm has been applied as a rule for clinical decisions. As a result, hyperpig-
mentation, edema or redness, D-dimers >250 pg/L, obesity (BMI > 30 kg/mz), and
older age (>65y0) have major importance for the patient profile. Gender also plays
important role, as men have 2.2-fold higher risk of recurrent disease than women.

DOACS are the first choice for the long-term therapy. Next choices are VKA and
LMWH. In contrast, LMWH for 6 months is the first choice for cancer patients.

Regarding aspirin role, INSPIRE trial shows that after the first unprovoked VTE,
it can reduce the overall risk for VTE recurrence more than one third, without
significant increase of bleeding risk [65-69].

The most common mutation associated with thrombophilia in Greece is MTHFR
C677T (35%), whereas FV-Leiden and prothrombin G20210A have an incidence of
about 2%.

Candidates for thrombophilia testing are people with family history of venous
thrombosis, onset in young people (<45yo), thrombosis in unusual sites, people
with secondary VTE in pregnancy, HTR or oral contraception intake, and patients
with recurrent VTE. Although, the clinical practice is quite different and investiga-
tion of thrombophilia is much more frequent.

Protein C activity, free PS activity, antithrombin activity assay, activated protein
C resistance, prothrombin G20210A mutation assay, anticardiolipin antibodies, and
lupus anticoagulant testing are among diagnostic panel for thrombophilia.

It is important to keep in mind that 3-5% of patients with an unprovoked DVT
and no obvious sign of cancer has an occult cancer.

In cases of acquired thrombophilia, diagnosis of antiphospholipid syndrome is
based on revised Sapporo criteria. Primary prophylaxis is not recommended in APS.
First-line treatment is VKAs and in pregnancy cases LMWH and aspirin.

According to recent studies, DOACS have no big importance in inherited
thrombophilia treatment.

8. Thrombophilia test: is it necessary and when?
Thrombophilia test aims to identify individuals at increased risk of VTE or

relapse or complications in pregnancy associated with hereditary or acquired
thrombophilia.
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The type of laboratory investigation is generally influenced by:
* The age of occurrence of the first VTE episode.

* The existence of a risk effector.

* The number of recurrent of VTE episodes.

* The presence of a family history.

Everyone who presented with first unprovoked episode of deep vein thrombosis
at a young age and after the cancer diagnosis has been ruled out and is considered to
be thrombophilic, regardless of whether or not there is a known thrombophilia and
the risk of relapse is elevated. Thrombophilia check should not be massive. When a
thrombophilia test is required, the investigation should include investigation for
hematological disorders which at least doubling the risk of VTE.

The most common of them are major thrombophilic mutations, deficiencies of
normal inhibitors of coagulation, and the diagnosis of the antiphospholipid syn-
drome. If none of the common disorders associated with hereditary or acquired
thrombophilia is found, investigation may be extended to other rare mutations or a
combination of polymorphisms or to find out other acquired conditions that
increase the risk of VTE.

In any case, the investigation and the result evaluation should not be
nonselective in population groups that do not fall under the criteria listed below.
Laboratory investigation of hematologic disorders associated with hereditary or
acquired thrombophilia includes:

1. Complete blood count.

2.Measurement of PT and aPTT.

3.Measurement of normal coagulation inhibitor levels:
a. Antithrombin (AT).
b.Protein C (PC).
c. Protein S (PS).

4.Test for the presence of resistance to activated protein C (APC-resistance)
associated with Leiden factor V mutation.

5.Control for the presence of the G20210A mutation in the prothrombin gene
(FIIG20210A).

6.Check for the presence of lupus anticoagulant, anticardiolipin antibodies, and

antibodies against p2 glycoprotein I (anti-p2-GP1) [56, 70-74].

9. When should thrombophilia investigation take place?

Control for mutation of factor V Leiden or the G20210A mutation in the pro-
thrombin gene using PCR methods can be applied at any time relatively to the
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thrombotic episode and regardless of the administration of anticoagulant treatment.
The levels of natural inhibitors of clotting are reduced in the acute phase of throm-
bosis (decrease in PS), pregnancy and labor (decrease in PS), and treatment with
estrogenic contraceptives (reduction of PS).

PC and PS are reduced during treatment with vitamin K antagonists or when
there is deficiency of vitamin K that is not associated with coumarin therapy.
Administration of classical heparin causes a decrease in AT levels. The presence of
hepatopathy, among other coagulation disorders, also causes a reduction in natural
inhibitors. The presence of nephrotic syndrome causes a decrease in AT levels.

The timing methods of clotting are affected by the newer anticoagulants that are
active after oral administration and specifically inhibit thrombin (dabigatran) or
factor Xa (rivaroxaban, apixaban, edoxaban).

As a result, during treatment with these drugs, it is not necessary to measure the
levels of protein S and control for the presence of activated protein C resistance or
the presence of lupus anticoagulant [56, 70-74].

10. PC and PS deficiency should be accomplished at least 2 months after
cessation antagonist vitamin K treatment

Diagnosis of the inherited lack of AT, PC, or PS should only be performed if all
conditions that lead to their acquired lack are excluded. Examination of the
antiphospholipid syndrome can also be performed during the acute phase of VTE
during anticoagulation treatment with classical heparin, low molecular weight hep-
arin, or fondaparinux, if a suitable method for controlling the lupus anticoagulant is
selected and weighted to the minimum concentration of heparin or fondaparinux or
INR, which does not affect it. Therefore, at least in patients taking its antagonist
vitamin K, test for the lupus anticoagulant should be done in a specialized
laboratory.

In women with obstetric complications (such as miscarriages, preeclampsia,
endometrial deaths, etc.), the investigation for obstetric antiphospholipid syndrome
is preferable to occur close to the episode because it is possible for the levels of
antiphospholipid antibodies to fall as far as we go away from pregnancy [56, 70-74].

11. Patients which is recommended for thrombophilia investigation
According to the international guidelines, the laboratory investigation for the
presence of hereditary or acquired thrombophilia is recommended in the following

cases:
* In patients with the first VTE episode occurred at the age of less than 40 years.
* In patients younger than 60 years of age who present the first VTE episode
without the presence of a significant risk factor or a known endogenous risk

factor for VTE.

* In patients who present as a single risk factor for VTE, oral contraceptive, or
hormone replacement therapy or pregnancy.

* Laboratory testing by techniques other than molecular biology (PCR)

techniques for hereditary causes of thrombopbhilia should be performed at least
2 months after the stop of hormone therapy or labor [56, 70-74].
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In patients with relapsing VTE, regardless of the presence of risk factors.

In patients without varicose veins exhibiting recurrent superficial
thrombophlebitis.

In patients with VTE in unusual sites, such as retinal vein thrombosis or
cerebral or mesenteric or hepatic vein thrombosis.

In patients with warfarin-induced skin necrosis and neonates with purpura
fulminans not related with sepsis.

In asymptomatic relatives of first-degree patients with proven symptomatic
thrombophilia or hematologic disorder that is linked with hereditary
thrombophilia.

In women with a family history of adjusted VTE at <60 years, going to take
hormonal medications for assisted reproduction.

In women with a history of recurrent unexplained abortions, growth
retardation, or endometrial death.

The results of hematologic control should be analyzed by a hematologist.

Patients with hereditary or acquired thrombophilia should be monitored by a
hematology center. Screening for thrombophilia is not recommended in women
who are going to take contraceptive treatment and in women who are going to
undergo in vitro fertilization techniques if they do not meet any of the previous
criteria or familial history of thromboembolism [56, 70-74].

12. Conclusions

Considering all the risks and major obstetrics complications that thromboem-

bolic events can lead during pregnancy, we can conclude that cooperation among
obstetricians and hematologists is crucial for better outcomes. The careful history
and appropriate laboratory investigation consist of the key point for the manage-
ment of these patients.
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Abstract

Pregnancy and peripartum increase the risk of venous thromboembolism (VTE)
by many folds. Interestingly, the VTE is more common during the pregnancy, whereas
the pulmonary embolism is more frequent in postpartum period. There are various risk
factors for the VTE and pulmonary embolism in these patients. The important risks are
improper thromboprophylaxis, obesity, and multigravida. The clinical parameters and
the d-dimer are not used for diagnosis of thromboembolism during pregnancy and in
the postpartum period. The compression ultrasonography (CUSG) is commonly used
for VTE diagnosis; for the pulmonary embolism diagnosis, one has to consider the
radiation hazard to the fetus as well as to the mothers. Ventilation/perfusion scan is the
imaging of choice for patient who has respiratory signs with normal chest radiograph.
If chest X-ray is abnormal with suspicion of peripartum pulmonary embolism (PPE),
the choice should be computed tomographic angiography. Heparin and its derivatives
remained the anticoagulation of choice for the treatment of VTE as well as the PPE, as it
is a shorter acting, easy to reverse with protamine sulfate. Proper thromboprophylaxis is
the key for prevention of VTE and peripartum pulmonary embolism.

Keywords: computed tomography, heparin, low-molecular-weight heparin,
pregnancy, peripartum, pulmonary embolism, thrombolysis, ultrasound,
ventilation/perfusion scan and warfarin

1. Introduction

The first description of a case compatible with deep venous thrombosis (DVT)
appears during the Middle Ages: Guillaume de Saint-Pathus in 1271 reported as “La
vie et les miracles de Saint Louis.” It was about a 20-year-old Norman cobbler who
suffered unilateral pain and swelling of the right calf that subsequently extended
up to the thigh, and his surgeon advised him to wait and see. Patient’s symptoms
worsened, and he developed a leg ulcer. He was advised to visit the tomb of King
Saint Louis. He spent days praying near the tomb and then decides to collect the
dust below the stone covering the tomb and applied it directly to the ulcer. He was
miraculously healed after this direct application and reported to survive. On the
basis of the writings from the New Testament, Brenner surmised that Jesus Christ
himself may have suffered from a pulmonary embolism (PE), but this hypothesis
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Figure 1.
May-Thurner Syndrome (narrowing of left iliac vein by crossing right iliac artery).

is debated. Avicenna warned against the risk of “particle migration” after the
vein surgery: consistent with embolization of a DVT [1]. During the Renaissance
physicians hypothesized that pregnancy-related DVT, which was the leading or
even only cause of reported DVT at that time, was the consequence of retention of
“evil humors.” It was also thought that postpartum DVT was caused by retention
of unconsumed milk in the legs (“milk leg”). Thus in the 1700s, breastfeeding was
encouraged to prevent DVT, and bloodletting technique was used to treat DVT [1].
Virchow in 1856 demonstrated the relationship between DVT and fatal PE. The
major pathologic mechanisms of venous thrombosis were first summarized in the
famous Virchow’s triad theorized by Andral in 1831, and in the 1920s, a consensus
appeared regarding the three factors contributing to thrombosis: stasis, vessel wall
alteration, and hypercoagulability: during this period a number of treatment break-
throughs were discovered by accident revolutionizing the DVT management [1].
Patients in pregnancy and postpartum are at the higher risk of thromboembolic
phenomenon, particularly postpartum period. These risks are due to the normal
or physiological changes of pregnancy to save the blood loss of parturition. These
physiological changes will lead to the Virchow’s triad. The peripartum pulmonary
embolism (PPE) is 10 times more common than the nonpregnant females in the
same age group. The risk of PPE increases by 20-fold in the postpartum period [2].
The incidence of pulmonary embolism during pregnancy and postpartum is 1.59 per
100,000 maternities. The venous thromboembolism (VTE) complicates 1-2/1000
pregnancies. Interestingly the VTE is common throughout all trimesters of pregnan-
cies in contrast to pulmonary embolism which is most common in the postpartum
period [3]. As described above, the VTE is equally distributed in all three trimesters of
pregnancy; it is frequent in pelvic/iliofemoral veins and more common on the left side
as there is compression on left iliac vein which is crossed by the right common iliac
artery called May-Thurner syndrome (Figure 1). This is in contrast to the nonpreg-
nant females where the VTE is common in the popliteal femoral venous system [4].

2. Risk factors

There are various risk factors for VTE and PPE in pregnancy and postpartum
period. These risk factors are divided into three categories as follows (Table 1).

High-risk patients are mainly those patients with previous history of VTE, congeni-
tal, and acquired thrombophilia pregnant patients. The obstetric risk factors for VTE are
multiple pregnancies, surgical delivery, and patients with the postpartum hemorrhage.
The transient risk factors for the development of VTE and PPE are ovarian hyperstimu-
lation syndrome, hyperemesis gravidarum, severe dehydration, surgical interventions,
and immobility. There can be more than one risk factor for VTE in one patient. Obesity
and multiple pregnancies were the risk factors for VTE in Middle East population [5].
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Higher risk

Congenital or acquired thrombophilia
History of VTE

Obesity

Multigravida

Maternal smoking

Elderly parturient

Obstetric risk

Multiple pregnancies
Assisted reproduction
Cesarean section
Postpartum hemorrhage

Transient risk

Ovarian hyperstimulation syndrome
Hyperemesis gravidarum

Surgical intervention in the peripartum
Immobility

Systemic infections

Table 1.
Categories of risk for VTE in pregnancy.

3. Pathophysiology

The various physiological changes of pregnancy in combination with venous sta-
sis and vascular injury (normal delivery as well as surgical deliveries) will form the
Virchow’s triad and a higher risk for thromboembolic phenomenon in pregnancy
and postpartum period.

Venous stasis results from a hormonally induced decrease in venous tone and
obstruction of venous flow by the enlarging uterus. A reduction of venous flow
velocity of 50% occurs in the legs by 29 weeks of gestation and remains up to
6 weeks postpartum. In pregnant and postpartum women, the left lower extremity
is the most common site of DVT. The anatomic reasons (compression of the left
common iliac vein by the right common iliac artery which is accentuated by the
enlarging uterus) have been attributed [6]. Endothelial damage in the pelvic veins
occurs from the delivery or from venous hypertension. Normal pregnancy induces a
hypercoagulable state. This hypercoagulable state is multifactorial and is thought to
be due to a combination of physical and hormonal factors and hematologic changes.
The physical and hormonal changes of pregnancy begin early in the first trimester.
Progesterone-mediated increases in venous distensibility and capacity are apparent
in the first trimester that result in increased venous stasis [6].

During pregnancy there will be increased in procoagulant factor concentra-
tion (factor VII, VIII, X, and vWF); there is a fivefold increase in the plasminogen
activator inhibitor type 1 levels, whereas there is a decrease in natural anticoagulant
particularly protein S and the fibrinogen levels. There is an increased resistance
to protein C activity. These changes during pregnancy and parturition are for the
protection from massive blood loss during delivery. The dark side of it is that it
increases the risk for VTE and pulmonary embolism during pregnancy and in the
peripartum period [7].

Pulmonary embolism (PE) can occur if venous thrombi detach and emblaze
to the pulmonary circulation. It causes pulmonary vascular occlusion and impairs
gas exchange and circulation. Larger emboli wedge in the main pulmonary artery,
whereas smaller emboli occlude the peripheral arteries and peripheral PE can
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cause pulmonary infarction. Obstruction of the pulmonary flow creates dead space
ventilation due to alveolar ventilation exceeds pulmonary capillary blood flow. This
contributes to ventilation-perfusion mismatch with increasing in pulmonary vascular
resistance. As the pulmonary artery systolic pressure increases, the right ventricular
afterload increases leading to a right ventricular impairment. When right ventricular
failure progresses, the left ventricular filling may be impaired, and it may rapidly
progress to myocardial ischemia which may occur secondary to inadequate coronary
artery filling with potential for hypotension, syncope, electromechanical dissocia-
tion, or sudden death. The humoral mediator serotonin and thromboxane are released
from activated platelets and trigger vasoconstriction in the healthy lungs [6].

4. Diagnosis

It is of vital importance to accurately diagnose the VTE and PPPE to avoid
the misdiagnosis and increase the morbidity and mortality, whereas when falsely
diagnosed, it will unnecessarily increase the risk of bleeding and increased morbid-
ity and mortality.

The clinical manifestations such as tachypnea, dyspnea, and tachycardia may
be considered as related to pregnancy. The d-dimer are not of help in pregnant and
postpartum patients, as it raises changes of normal pregnancy and takes weeks in
postpartum to return to the normal limits [8].

Arterial blood gas (ABG) may show respiratory alkalosis, and 12 lead ECG may
be useful as it may show changes in right-sided leads. These tests are neither sensi-
tive nor specific in the diagnosis of pulmonary embolism.

4.1 Echocardiography

Echocardiography is a noninvasive procedure and may show the indirect signs
called “McConnell” sign that is the right ventricular hypokinesia and hypercontrac-
tility of the apical wall with raised pressures [9]. Echocardiograph also helps in rule
of other possible etiologies such as peripartum cardiomyopathy.

Imaging studies are the corner stone for the diagnosis of the pulmonary embo-
lism; it is of vital importance that while considering the selection of imaging studies,
one has to be very careful in its effects not only on fetus but equally important for
mothers as well.

4.2 Chest X-ray

All patients suspected of PE will have a chest X-ray; in pregnant patient we
can cover the abdomen and do a chest X-ray. Normal chest X-ray with respiratory
symptoms should raise the high index of suspicion for the pulmonary embolism.
Presence of the wedge-shaped opacity with pleural base is considered as hallmark
for the diagnosis of PE in chest X-ray, but this also found to be not sensitive or
specific for the pulmonary embolism [10].

4.3 Bilateral compression sonography

Bilateral compression sonography of the lower limbs has an advantage of por-
tability, noninvasive and no radiations; at the same time it diagnoses the VTE with
accuracy. If it is positive and shows thromboembolic lesion, we have to start the
anticoagulation therapy. But if it is negative, then we have to proceed with further
diagnostic imaging studies [11].
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4.4 Ventilation/perfusion (V/Q ) scan

Those pregnant and postpartum patients with normal chest X-ray and
suspected to have PPPE, the ventilation/perfusion (V/Q) scan is the imaging
of choice. A positive V/Q scan will demonstrate a mismatch perfusion pattern.
The low and high probability scans are diagnostic, as the low probability scan
has up to 6% chances of having pulmonary embolism, whereas the high prob-
ability scan had up to 96% chances of PE. As most of the parturient are healthy
with a normal chest X-ray, the V/Q scan has a higher diagnostic accuracy for the
diagnosis of PE [12].

4.5 CT pulmonary angiography (CTPA)

CTPA is increasingly used, and it is a sensitive and specific imaging study for the
diagnosis of the pulmonary embolism in both pregnant and nonpregnant patients
(Figure 2). It is also an imaging study of choice in patients suspected of pulmonary
embolism with an abnormal chest X-ray as it gives alternative diagnosis if there is
no pulmonary embolism. In pregnant patients, there is an increase in cardiac output
and blood volume; hence, there can be issues with quantification and time of
intravenous contrast is difficult [13].

4.6 Magnetic resonance pulmonary angiography (MRPA)

It is not much evaluated in pregnancy, despite of MRI contrast (gadolinium) has
no evidence of causing fetal teratogenicity. In contrast, it is highly sensitive and spe-
cific in diagnosis of PE in the general population (up to 92% and up to 100%) [14].

4.7 Digital subtraction angiography (DSA)

It is a historical gold standard for the diagnosis of PE. It is rarely performed nowa-
days and it also not evaluated in the pregnant population. In retrospective subpopula-
tion evaluation, it was found that the DSA is less sensitive than CTPA with a higher
reports of false negativity [15].

Figure 2.
CTPA showing pulmonary embolism.
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In the concluding lines about the selection of imaging studies, the fear of fetal
radiation exposure and adverse effects should not deprive the mother of timely and
accurate diagnosis of PPE. Each of the imaging study has advantages and disadvantage
(Table 2). Better approach is to follow the diagnostic algorithm (Figure 3) [16].

Imaging Study Benefit Risk
Camputerized Tomeagraphic Pulmonary Will show Thrombus, gives Higher breast radiations; use
Angiogram glternative diagnosis and lawer af contrast

[CTPA) fetal radiations
Ventilztion / perfusicn Scan Lowser maternal breast Mo Clinical Decisions or no
(V0 Scan) radiation alternative diagnasis
Compression Uitrasonography Mo radiations, Mon Invasie; Lowy sensitivity
(CUS) paotential to defect deep

venous thrombosis
Table 2.

Risk and benefits of various imaging studies.

Strong PE Suspecision
:
Clinical sign and swnptoms‘]

e

[yes
Vi

Bilateral CUS

Moddied from Leung AM et al. Am J Reapir Crit Case Med 2011,184:1200-8

Figure 3.
Diagnostic algorithm for PPE.
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The V/Q imaging is of choice when chest X-ray is normal; CTPA should have upper
hand if chest X-ray is abnormal, but it had more radiation exposure to the maternal
breast, with slightly increased risk of carcinoma, and it will increase the lifetime risk
for breast cancer by 13.6% [17].

4.8 Single-photon emission CT ventilation/perfusion scan (SPECT V/Q)

The use of SPECT V/Q is superior to planar V/Q scintigraphy and CTPA. In nuclear
medicine, the transition from planar techniques to SPECT has led to improvements
in sensitivity and diagnostic accuracy. The published literature on SPECT V/Q has
consistently shown improvements in sensitivity and specificity. The CTPA sensitivity in
prospective multicenter PIOPED 2 study suggests that even with current-generation CT
technology, CTPA fails to diagnose PE in approximately one in every six patients. If the
limitations of CTPA in the detection of smaller emboli and larger emboli are missed, it is
suggested that emboli not detected by CTPA are not clinically significant; it may not be
true in patients with cardiorespiratory disease, and in these patients in particular, accu-
rate detection is of vital importance. The PIOPED 2 study demonstrated that the CTPA
accuracy falls further, if the scan results do not correlate with the clinical likelihood of
disease, and in these circumstances, the incidence of false-positive and false-negative
results is significant SPECT V/Q. Using Technegas also has the advantage of an extremely
high-negative predictive value, reaching 98.5% in a large prospective series [18].

In PIOPED 2 study, over 40% of patients did not undergo CTPA because of renal
impairment, contrast allergy, or too poor a state of health. This hardly endorses the
notion that CTPA should be regarded as the primary screening test for the imaging
of PE. Although CTPA has the advantage of being able to detect other lung diseases,
it should be noted that V/Q scintigraphy can detect conditions other than PE [18].

V/Q scintigraphy in many countries continues to be done with planar imaging and
using 133Xe as the ventilation agent. SPECT V/Q can be adequately performed with
diethylenetriaminepentaacetic acid aerosols and in many in many countries. SPECT
V/Q is clearly superior to planar imaging, and combined with recent developments
in computing and camera hardware, V/Q SPECT also has the ability to quantify the
extent of PE, and it is helpful in guiding treatment decisions [18]. Ventilation SPECT
significantly increased the number of pregnant patients who could be classified as
definitely positive or definitely negative. Only a minority of pregnant patients in the
cohort had perfectly normal perfusion SPECT studies. A ventilation study is recom-
mended as part of SPECT scintigraphy in pregnancy to improve diagnostic accuracy
and reporter confidence. It also has a lower radiation dose to the mother [18].

5. Management

Heparin (indirect thrombin inhibitors) remained the commonly used anticoagula-
tion medication in patients with thromboembolic phenomenon. It should be started
when one suspected the diagnosis of pulmonary embolism. The advantages of unfrac-
tionated heparin (UFH) are shorter half-life, can be easily reversed, and have bigger
molecular size; hence it cannot cross the placenta and no fetal adverse effects, and it
is also not secreted into the breast milk. As there is increased blood volume during the
pregnancy and peripartum period, increased heparin-binding proteins, and increased
clearance of heparin through the renal system, the pregnant patient requires a higher
dose of heparin to achieve the therapeutic levels. The dose of heparin may have to
be increased to double to achieve the therapeutic effects [19]. The adverse effect of
heparin, the fearsome, is the heparin-induced thrombocytopenia. It is divided into
two types, the type 1 (also called heparin-associated thrombocytopenia or HAT) is
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mainly benign condition and occurs due to negatively charged heparin that binds and
destroys the positively charged platelets. HAT is a self-limiting clinical entity and does
not require ant addition therapy. The HIT type 2 is immunologically mediated and can
cause life-threatening thromboembolism, needs immunoassay or platelet aggregation
test for diagnosis, and needs immediate stoppage of all forms of heparin to start direct
thrombin inhibitors [20]. The osteopenia is another adverse effect of heparin use;

it occurs due to inhibition of active metabolites of vitamin D. It increases the risk of
fracture of the bones in pregnant patients [21].

5.1 Warfarin

Warfarin is a vitamin K antagonist commonly used anticoagulant in general
population. It is a cost-effective medication. It is contraindicated in pregnancy as
it crosses placenta and fetal teratogenic changes mainly the central nervous system
defects. It also increases the risk of fetal miscarriages [22].

5.2 Thrombolysis and thrombectomy
In patients with massive pulmonary embolism causing hemodynamic dete-

riorations, hypoxia and right ventricular strain, immediate thrombolysis or
thrombectomy is indicated (Figure 4) [16]. It may be associated with significant
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Figure 4.

Treatment of pulmonary embolism in pregnancy and postpartum.
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bleeding risk in pregnant patients. A literature review found that the thrombo-
lytic therapy in pregnancy is having a lower maternal mortality of around 1%
and premature delivery and fetal loss of around 6%, which is significantly lower
to the embolectomy where the fetal loss is reported up to 40%. Thrombolytic
agent plasminogen activator is preferred as it does not cross placenta and does
not generate antibodies [23].

Saeed et al. reviewed 13 patients with peripartum pulmonary embolism reported
between 1970 and 2012, age was ranging from 21 to 39 years, and the clinical mani-
festations of PE were respiratory and cardiac dyspnea in nine patients, tachycardia
in five, cyanosis in four, tachypnea in four, hypoxemia in two, acute respiratory
distress in one, and palpitations in one patient. Heparin at therapeutic doses in nine
patients was insufficient to resolve their unstable hemodynamic conditions. In all
13 patients, surgical pulmonary embolectomy was indicated because of rapidly
worsening hemodynamics and cardiogenic shock. All patients underwent cardio-
pulmonary bypass. The thrombi were removed through an opening in the main PA
in all patients. Two maternal deaths and three fetal deaths occurred leading to a
15.4% maternal mortality rate and 23% fetal mortality rate [24].

5.3 Inferior vena cava (IVC) filter

The IVC filter is indicated in patients with whom systemic anticoagulation is
contraindicated or patients with recurrent embolization and patients developing
recurrent embolization in spite of systemic anticoagulation. IVC filter is not free
from complications, which includes perforation and migration to the surrounding
structures [23].

5.4 Supportive care and vasopressors

Respiratory distress and hemodynamic instability in patients with peripartum
pulmonary embolism may need invasive ventilation and hemodynamic support
with vasopressors. Treating physician should be well aware of physiological changes
in pregnancy. Normal blood pressure and partial pressure of carbon dioxide are
lower in pregnancy. The position of the patient being nursed is again of vital impor-
tance; patient should be in lateral position to avoid IVC compression by the gravid
uterus. The vasopressor should be used judiciously as they decrease the blood flow
in uteroplacental circulation, whereas the persistent hypotension also poses a seri-
ous risk for the vital organ functions [25].

6. Differential diagnosis

The PPE should be differentiated from community-acquired pneumonia and
peripartum cardiomyopathy. The echocardiogram will help in ruling out peripar-
tum cardiomyopathy, and signs of sepsis will differentiate PPE from community-
acquired pneumonia.

7. Prevention
Peripartum thromboembolism common, as still the prophylaxis, is adequately
administered in high-risk patients [5]. Those patients with a higher risk of throm-

boembolism during pregnancy and peripartum should receive the thromboprophy-
laxis to prevent proper thromboembolisms (Figure 5).
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Figures.
Treatment of pulmonary embolism in the peripartum period (modified from Bourjeily et al. [26]).

8. Conclusion

The pregnant patients are at higher risk for VTE in all three trimester pregnancy,
but in the postpartum period, they are at higher risk for the development of peripar-
tum pulmonary embolism (PPE). The physiological changes of pregnancy and nor-
mal or surgical delivery will form Virchow’s triad, hence increasing the risk of VTE by
20-folds. It is important to diagnose early and manage it properly to avoid increase in
morbidity and mortality in these special groups of patients. The risk factors for VTE
and pulmonary embolism in these patients are broadly categorized into high risk,
obstetric risk, and transient risk factors. The diagnosis is an important aspect of the
management of VTE and PPE. As the misdiagnosis will increase the morbidity and
mortality, wrong diagnosis will expose these patients for unnecessary risk of hemor-
rhagic complications of the anticoagulant use. We have to consider the ration hazard
to the fetus and mother, but at the same time, one should not deprive the mother of
accurate and early diagnosis of PPE for the fear of radiations. Compression USG,
V/Q scan, and CTPA can be used for the diagnosis of VTE and PPE depending on the
chest conditions. PPE has to be differentiated from community-acquired pneumonia
and peripartum cardiomyopathy. Heparin is the anticoagulation of choice in VTE
and PPE; if patients develop heparin-induced thrombocytopenia (HIT), the choice
is direct thrombin inhibitors. Warfarin has the teratogenic effect; it should not be
used during the pregnancy. Risk evaluation and strict use of thromboprophylaxis will
prevent or decrease the incidence of PPE and VTE.
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Chapter 8

Venous Interventions: From
Lower-Limb Deep Vein
Thrombosis to May-Thurner

Syndrome and Budd-Chiari
Syndrome

Ding-Kwo Wu, Chih-Wei Chen, Hao Xu and Maoheng Zu

Abstract

Over the past decade, there have been great innovations in the diagnosis of
venous disorder since the introduction of dual-source computed tomography
(DSCT) in 2006. It provides fast and reliable diagnosis of deep vein thrombosis
(DVT) with the capability of full leveling of thrombus burden and allows early
endovascular interventions with pharmacomechanical aspiration thrombectomy
(PMAT) being performed aiming to reduce the post-thrombotic syndrome (PTS)
and improve quality of life. The newly introduced ultrafast clot removal system,
in patients who failed with PMAT, AngioJet, and EKOS, aids in rapid restoration
of venous flow and decline of venous hypertension to mitigate the valve damage.
Percutaneous transluminal angioplasty (PTA) and stenting yield high technical
success rate of 93-96% and a promising short-term 1-year and 2-year patency of
around 93% and 75-79%, respectively, for symptomatic May-Thurner syndrome
(MTS). Based on the cumulative endovascular treatment experience in over 2000
cases in Xizou, China, some relevant precipitating factors are addressed, and a
new classification of subtypes have been proposed to guide the proper selection of
endovascular management of Budd-Chiari syndrome (BCS).

Keywords: deep vein thrombosis, computed tomographic venography, magnetic
resonance venography, digital subtraction angiography, May-Thurner syndrome,
Budd-Chiari syndrome, catheter-directed thrombolysis, pharmacomechanical
aspiration thrombectomy, percutaneous transluminal angioplasty, stenting

1. Lower-limb deep vein thrombosis (DVT)
1.1 Introduction and background

It has been estimated that approximately 200,000 to 250,000 cases of lower-
limb DVT occurred annually in the USA [1, 2]. Dated back as early as in 1860,
German pathologist Rudolf Virchow initially depicted the gold rules of pathophysi-

ology involved in DVT: the triad of (1) venous stasis, (2) endothelial damage, and
(3) hypercoagulability. Venous stasis can be resulted from external compression,
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traumatized venous wall injury as a consequence of indwelling catheters and
devices, and infusion of chemotherapeutic agent and lipid substance as prescribed
in hyperalimentation, as well as in lower cardiac output state and prolonged immo-
bilization. Hypercoagulability is generally linked to hematological and genetic
disorders, i.e., polycythemia rubra vera, antithrombin III deficiency, protein S/C
deficiency, hyperhomocysteinemia, and cancerous disease, oral contraceptive and
tobacco use, as well as pregnancy and postpartum state [3, 4].

2. Clinical presentations

The most common symptoms and signs in acute DVT (<2w) are a tender and
swollen lower limb along with local heat on palpation. In subacute (2w—6 m) and
chronic (>6 m) DVT, patients usually presented with chronic lower-limb swelling,
pigmentation, and ulceration in lower calf and ankle. Among the complications
resulted from lower-limb DVT, the most serious one is acute pulmonary embolism,
which can precipitate acute pleuritic chest pain, tachycardia, hypotension, hypoxia,
and death from acute decompensated right heart failure in those patients presented
with massive pulmonary embolism. Despite adequate medication used, post-
thrombotic syndrome occurs in approximately 20-40% of patients with subacute
and chronic lower-limb DVT [2-4].

3. Diagnostic imaging modalities

A diversity of imaging tools, i.e., ultrasonography with color-flow mapping, CT
venography, MR venography, radionuclide venography, and contrast venography,
have been implicated in the diagnosis of lower-limb DVT.

3.1 Ultrasonography (US)

Grayscale ultrasonography is the first-line tool, which can delineate low echo-
genicity or nearly anechoic thrombi and a non-compressible vein in acute DVT,
with a sensitivity and specificity of 90-100%, respectively. In chronic DVT, diagno-
sis can be made on the basis of detecting (1) a thickened vein wall with hyperechoic
intraluminal projections, (2) a non-compressible vein, (3) little or no change of vein
caliber with flow augmentation, and (4) the presence of collateral vessels. Color-
flow Doppler ultrasound can assist in the detection of a patent versus non-patent
venous lumen [5, 6]. The limitations of US are the inconsistency in the depiction
of below-knee venous thrombi in terms of anatomical variants and small caliber as
well as potential difficulty in assessing iliac veins [7].

3.1.1 Contrast venography

Prior to the invention of US, contrast venography, done with cannulation of a
sizable pedal vein and a tourniquet compressing at the ankle, on a remote control
unit with tilting facility, had been the diagnostic gold standard of lower-limb
DVT. However, the foot back tends to be congestive and swollen, and a sizable
vein for cannulation may not be available. A couple of methods have been raised to
enhance the detectability including limb elevation and Ace wrap, digital compres-
sion, nitroglycerin paste, Doppler US localization with a pencil probe, and surgical
cutdown. Technical difficulty does exist. In addition, there are certain diagnostic
pitfalls and tricks that may result in false-positive and false-negative consequences,
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mainly incomplete contrast opacification of the deep venous system and a variety of
artifacts that may mimic intraluminal clots [8-10].

In acute DVT, the hallmark features are the detection of filling defects
(thrombi) with simulated “tram-tracking sign” appreciated between the venous
lumen and the venous wall and the acute venous cutoff identified not at the valve
region. The affected veins tend to get distended along with the increased thrombi
burdens [3, 9, 10]. In chronic DVT, the hallmark features are (1) clot retraction, (2)
clot recanalization, (3) valve destructions, and (4) loss of normal venous pathway.
In selective minor case, the affected veins may recanalize completely and appear
essentially normal [10].

3.2 Magnetic resonance venography (MRV)

Over the past decade, there have been remarkable advances in the magnetic
resonance (MR) imaging technology of deep venous system that prompt both non-
contrast-enhanced and contrast-enhanced MRVs nearly as comparable as contrast
venography in the diagnostic accuracy of DVT [11-13]. As shown in 2007, one meta-
analysis evaluated the diagnostic sensitivity and specificity of MRV in lower-limb
DVT to be 92 and 95%, respectively [14]. Aside from claustrophobia, the limitations
of MRV include a lengthy procedure time, pregnancy, and patient with renal failure
and with implanted metallic devices.

3.3 Computed tomographic venography (CTV)

CTV had been used for diagnosis of DVT at the single-slice CT era [14, 15]. Over
the past decade with the emergence of dual-source computed tomography (DSCT)
in 2006 by Siemens, tremendous advances in fundamental technology and clinical
utility of CTV have been brought about. In our institution, since the availability of
the second-generation DSCT (Somatom Definition Flash, Siemens) in September
2009, we were able to develop our own scanning protocol in CTV with superb imag-
ing quality in the majority of the patients around 2013 (Table 1 and Figure 1). Proper
opacification of deep venous system of lower limb, starting from the lower inferior
vena cava (IVC) down to the mid-level of tibioperoneal veins, can be acquired as
aroutine (Figure 2). Except in some selective patients with idiopathic increase in
below-knee peripheral vascular resistance (PVR) and in patients with advanced

1. Anatomic collimation: Aortic bifurcation at L3-L4 level to toes

2. Contrast bolus injection:
120-140 ml of Ultravist 370 mg I/ml
BMI: <23.9 120 ml, 24-27.9 130 ml, > 28 140 ml
Flow rate: 4 ml/s, followed by a 40 ml saline chasing

3. Scan initiation: 3 min after contrast bolus

4. Scan mode: Flash

5. Scan parameters
Acquisition: 128 x 0.6 mm
Slice thickness: 5 mm
Pitch: 2.5

6. Dose modulation: Care dose 4D

7. Effective radiation dose: 4-5 msv

Table 1.
Dual-source CT venography protocol.
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Figure 1.
(a-d) CTV depicted optimal opacification of venous structure from bifurcation of IVC to the lower level of
popliteal veins.

Figure 2.
(a—e) CTV depicted extensive DVT from the LCIV to tibioperoneal veins (arrows).

peripheral arterial obstructive disease (PAOD), both of which result in sluggish input
arterial flow and thus suboptimal venous opacification at CTV. In patients suspected
of coexisting PAOD, a CT arteriography can be performed in one set prior to proceed-
ing of CTV (Figure 3). Approximately 80 ml of 370 mgl contrast medium is injected
at rate of 4 ml/s, and the collimation is made at 64 x 0.6 mm to cover shortly above
the aortic bifurcation down to the toes. The CTA is displayed in maximum intensity
projection (MIP) and bone removal to facilitate visual reading. The tibioperoneal
artery greater than 1.5 mm can be well delineated; however, in the lower calf where
close alignment of the artery is adjacent to the bone cortex, loss of artery outline may
be encountered due to equalization of post-processing threshold.

In a recent meta-analysis focused on the diagnosis of lower-limb DVT, the
cumulative sensitivity and specificity are 96 and 95%, respectively [16]. The limita-
tions of CTV are patients with significant renal failure, with idiopathic increase in
below-knee PVR, and with severe PAOD.
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Figure 3.

CT arteriography at the same set as CTV showed high-grade imaging quality as well as identification of two
discrete obstructions in the vight iliac and superficial femoval arteries. Collateral arteries were also clearly
depicted.

4, Indication for endovascular interventions in DVT
4.1 Introduction and background

Anticoagulation therapy has long been the first-line management in patients
presented with acute DVT. In the 1980s, systemic thrombolysis using streptokinase
demonstrated better resolution of thrombus than heparinization alone but carried
an unacceptable risk of bleeding complication [17]. It was until the late 1990s when
intraluminal catheter-directed thrombolysis (CDT) was initiated as an adjuvant to
treat those patients in whom heparin worked slowly and patient could not tolerate
intractable swelling of the affected lower limb. The treatment safety and the clini-
cal efficacy of CDT were validated in iliofemoral DVT by Bjarnason et al. in 1997
[18]. Within the following years, after conducting a nationwide multicenter study,
Mewissen et al. proposed that CDT was safe and effective and to be preferentially
carried out in proximal iliofemoral and femoropopliteal DVT in patients presented
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with symptomatic venous obstruction [19]. In 2006, the Society of Interventional
Radiology published the guidelines for the treatment of lower extremity deep vein
thrombosis [20]. (1) In a clinical subset of patients objectively documented with
iliofemoral DVT, early debulking of thrombus burden can help mitigate post-throm-
botic syndrome (PTS). (2) In patients presented with severe symptoms of massive
swelling and intractable pain, early intervention helps reduce mobility and prevent
progression to venous gangrene (Table 2). As the thrombus ages, approximately 10
to 14 days after acute onset, CDT becomes less effective in terms of thrombus deb-
ulking. As indicated in the CaVenT study, the incidence of PTS reduced to 14.4%,
and the 6-m venous patency rate was 65.9% in CDT vs. 47.4% in control, respectively
(p = 0.012) [21]. The long-term outcome of the ATTRACT study, a multicenter
randomized controlled trial, was published in The New England Journal of Medicine
in December 2017. The result showed no reduction of overall PTS at 2 years (48.0%
vs. 474%), but a noteworthy difference of 6% declines in moderate-severe degree of
PTS (24% vs. 18%, p = 0.04) [22]. Given that primary endpoint was not achieved,
however, in selective patients presented with profound DVT symptoms and lower
risk of bleeding, the benefit of CDT in reducing moderate-severe PTS and earlier
symptomatic relief [23, 24] may gain reappraisal by clinicians and interventional
radiologists. In addition, patients presented with significant venous steno-occlusive
disease after CDT can be managed concomitantly with percutaneous transluminal
angioplasty (PTA) or stent deployment to prevent recurrence of DVT [25].

4.2 Current technology in endovascular managements of DVT
4.2.1 Patient selection

In our institution, patients suspected of having DVT routinely received color-
flow mapping and Doppler US and CTV. In advanced symptomatic patients
presented with CT documentation of high-level (femoroiliac veins) or extensive
involvement beyond popliteal and tibioperoneal veins but with lower risk of bleed-
ing, CDT is conducted with pharmacomechanical thrombolysis with continued
infusion of urokinase for 48-96 hours with an aim for early thrombus debulking
and rapid symptomatic relief. While those presented with mild to moderate symp-
tom and CTV documented popliteal and/or tibioperoneal DVTs, conventional
anticoagulation is justified.

4.2.2 Access site of CDT

Typically, with the patient in prone position, the popliteal vein of the affected
limb is accessed with US guidance. A 3-F micropuncture set (Cook Corporation,
Indiana, USA) is used for a safe puncture and access into the popliteal vein as well as
to prevent subsequent focal bleeding. The cannula is replaced with a 9-F introduc-
ing sheath for easy venous access.

1. Percutaneous aspiration thrombectomy

2. Percutaneous pharmacomechanical thrombectomy

3. AngioJet (rheolysis)

4. Device-assisted thrombolysis
Balloon-assisted system
Ultrasound-assisted system (EKOS)

Table 2.
Methods of endovascular interventions for deep vein thrombosis.
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4.2.3 CDT with pharmacomechanical aspiration thrombectomy (PMAT)

A 5-F pigtail catheter was inserted through the sheath, which is moved up and
down a couple of times through the thrombosed segment in popliteofemoroiliac
veins, accompanied with simultaneous infusion of 100,000-250,000 IU of uro-
kinase, to assist macerating the thrombus burden for 15 min. An 8-F 60-cm-long
multipurpose guiding catheter, attached with a 50-ml syringe, is used to aspirate
the macerated thrombi (Figure 4). In the case presented with significant residual
thrombi, a multi-slit infusion catheter of suitable length (Fountain infusion catheter,
Merit, USA) was embedded into the distal-most segment and spared the proximal-
most segment for sustained continual infusion of 500,000-1,000,000 IU of uroki-
nase per 24 hours for up to 48-96 hours. The patient is kept in a ACU/ICU for close
monitoring of general condition and bleeding. Concomitant intravenous infusion
of heparin 20,000 IU per 24 hours to prevent new thrombus formation around the
infusion catheter was also deemed necessary. Daily check of aPTT (<1.5 time of
control level) and fibrinogen and platelet count was mandatory. The patient is sent
back to DSA suite every 8-12 hours to check for the resolution of thrombi and reposi-
tioning of infusion catheter to facilitate further thrombus resolution toward the
proximal end until satisfactory results are achieved. The infusion dose of urokinase
can be adjusted depending on the bulk of residual thrombi. After successful CDT,
the patient is put on anticoagulation with warfarin for at least 6-12 months.

4.2.4 CDT with new devices by using pharmacomechanical catheter-directed
thrombolysis

The consensus that the earlier the thrombi lysed, the less severe the PTS will be
paves the way for a better quality of life and less daily limitation of physical activity.
Speedy thrombus resolution to salvage valve damage and venous insufficiency sounds
reasonable and practical. In recent years, an ultrasound-emitting thrombolytic infu-
sion catheter (EKOS Corporation, Bothell, WA) and the AngioJet Rheolytic Catheter
System (MEDRAD Interventional, Minneapolis, MN) have become available in our
institution (Table 2). In terms of being high-cost treatment modalities, they both are
reserved for those patients who failed to respond well with PMAT (Figures 5 and 6).

Figure 4.
Relatively fresh and subacute thrombi were aspirated by PMAT from the left iliofemoral veins in a 32-year-old
female taking oval contraceptive pills for dysmenorrhea.
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EKOS case
Pre-treatment Post-treatment (EKOS + stent)

Figure 5.

Ang 81-year-old female with lower thivd esophagus adenocarcinoma, cT3NoMb, Stage I1I under palliative
chemotherapy, suffered from left leg swelling, and CTV documented massive DVT in iliofemoropopliteal veins.
(a and c) Nearly complete obstruction of left iliofemoropopliteal veins by DVT. (b and d) s/p EKOS catheter
for enhanced CDT treatment and s/p PTA and Wallstent deployment in left common and external iliac vein
restored good blood flow.

4.2.5 Percutaneous transluminal angioplasty and stenting

After successful PMAT is achieved, the whole affected proximal venous path-
way should be documented with DSA for any residual steno-occlusive disorder.
A 0.035” hydrophilic guide wire (Terumo, Tokyo Japan) is negotiated, and a 4-F
Teflon-coated catheter (Terumo, Tokyo Japan) is advanced through the lesion. A
0.035" stiff hydrophilic guide wire (Terumo, Tokyo Japan) is exchanged. Sequential
ballooning was conducted, with 3-mm, 5-mm, and 8-mm balloons until the balloon
waist was completely gone, to accommodate a self-expandable stent of sufficient
size and length, mainly the Wallstent (Boston Scientific, Massachusetts, USA).
Postdeployment dilation is carried out with a balloon catheter of appropriate size
to scaffold the venous fibrosis that frequently comes across with significant venous
stenosis. Follow-up DSA is performed to document the technical success, which
is graded as a residual stenosis of <30% [26, 27] (Figure 7). Aspirin 100 mg and
clopidogrel 75 mg are recommended for at least 3 months after stenting.
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Angiojet

PFre-treatment Post-treatment

Figure 6.

A 31-year-old obese male with hypertension suffered from gunshot wound over the abdomen and complicated
with diffuse right leg iliofemoval DVT. (a and c) Diffuse DVT in the right iliofemoropopliteal veins due to
immobilization. (b and d) After Angiojet, good blood flow regained.

Figure 7.

A iS-year—old male developed chronic DVT in the left iliofemoral veins as a complication of dwelling perm
catheter and successfully managed with PTA and two overlapping 8 m and 10 cm Wallstents. At 8-year
follow-up, the stents vemained patent. (a) Contrast venography revealed long-segment stenosis of the left
iliofemoral veins and venous collaterals. (b) Balloon waist at predilation with an 8-mm balloon catheter. (c)
Immediately after stenting, good flow is restored and minimal venous collaterals visualized.
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5. Endovascular management of May-Thurner syndrome (MTS)
5.1 Introduction and anatomical background

MTS has two synonyms: Cockett syndrome and iliac vein compression syn-
drome. In 1983, Dr. Ernest Ferris for the first time proposed May-Thurner syndrome
in memory of Dr. May and Dr. Thurner for their relevant contributions [28]. The
first description of a septum-like structure in the left common iliac vein (LCIV)
was made in 32% (10 out of 32) of cadavers, in 1906 by an anatomist McMurrich,
with which a congenital remnant was implicated as such [29]. In 1943, Ehrich and
Krumbhaar through anatomic dissection in 412 cadavers found that obstructive
lesion in the left common iliac vein (LCIV) in 23.8 and 33.8% of the lesion occurred
after the first decade. The lesions were regarded as acquired and not congenital. In
1957, May and Thurner, through autopsy in 430 cadavers, demonstrated that among
19% of cadavers, the overriding right common iliac artery (RCIA) compressed the
LCIV against the spine [30]. Other investigators also presented different incidence
of spurs in the LCIV by different imaging tools: 14% by Negus et al. [31], 50% by
Vollman et al. with vascular endoscopy [32], and 62% by Juhan et al. with contrast
venography [33], respectively.

5.2 Pathophysiology of MTS

Long-lasting pulsatile injury elaborated by the overlying RCIA prompted
projectile fibrotic spurs into the lumen of the LCIV, which in turn resulted
in accumulation of elastin and collagen over the spurs and extensive intimal
proliferation of venous wall. Three varieties of classic venous spurs had been
addressed, especially associated with a lower bifurcation position of the abdomi-
nal aorta [29]. Other theories had been implicated as possible causative factors,
namely, compression by pregnant uterus [34] and by sigmoid colon associated
with constipation [35]. Currently, with availability of modernized cross-sectional
imaging modalities, like intravascular ultrasound and optic coherence tomogra-
phy, the venous spurs can be well depicted and precisely documented the severity
of venous obstruction than contrast venography [36-38]. Regardless of spur-
forming mechanism [36], congenital or acquired, in case predisposed to hyperco-
agulability, thrombosis of the LCIV then issues initially at the stenosed segment
and propagates in antegrade and retrograde fashions. However, in chronic MTS,
the patient may be asymptomatic for quite a certain period of time if sufficient
venous collaterals have developed [39].

5.3 Clinical manifestation and staging

MTS has a strong tendency to affect young and middle-aged woman (mean
age, 42 y/o), although it does affect man [40]. In acute stage, the majority of
patients frequently presented with sudden onset of pain and swelling of the left
lower extremity due to the accompanying DVT. In chronic stage, the symptoms
may be more or less vague to define but generally comprised of persistent edema,
heaviness, lower calf and ankle skin pigmentation, venous claudication, and ulcer
as well as varicose veins [41, 42]. Rarely, in some selective patients affected with
phlegmasia alba dolens and phlegmasia rubra dolens, limb salvage may provide
an extremely difficult challenge for the multidisciplinary team physicians. Based
on the clinical and imaging findings, MTS is classified into three stages: Stage I,
asymptomatic LCIV compression; Stage II, presence of intraluminal venous spurs;
and Stage III, occurrence of DVT in the LCIV (Figure 8) [43, 44]. Failure to correct
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Figure 8.

Classification of MTS into three clinical stages. (a) CTV showed Stage I MTS 9 (arrow) incidentally while
imaging of DVT. (b) CTV showed Stage I MTS presented with venous spur. (c and d) CTV showed Stage ITT
MTS presented with DVT (black arrow).

the underlying anatomic substrate of the LCIV, complication of MTS can include
pulmonary embolism, chronic venous stasis, PTS, and iliac vein rupture [39].

5.4 Diagnostic imaging modalities of MTS

As mentioned in the imaging diagnosis of DVT, a variety of imaging tools can
offer a figure of diagnostic sensitivity and specificity. Each has its own advantages,
disadvantages, and limitations. Among them, US is the first-line followed by CTV,
MRY, and contrast venography to objectively document the level of DVT and grade
the severity of iliac vein obstruction. A stenosis of >50% in the LCIV is considered
as hemodynamically significant. As the stenosis percentage of the LCIV may be
periodically altered with the circulating blood volume and the body position [38, 39],
in suspicious case, a pressure gradient across the RCIV and LCIV of >2 mmHg
atrestand > 3 mmHg with exercise aids in making a definite diagnosis. Over the
past decade with the availability of second generation of DSCT scanner (Somatom
Definition Flash, Siemens) in our institution, CTV has nearly replaced others
and become the first-line imaging modality for MTS in terms of rapid dataset
acquisition and precise leveling of steno-occlusion of the LCIV and the associ-
ated DVT [45-47]. In conjunction with 3-D volume rendering technique at CTA,
the compressed segment of the LCIV by the overlying RCIA can be appreciated
more precisely than contrast venography. Of paramount importance is the precise
depiction of floating thrombi in the lower segment of the IVC with CTV, which
may prompt the strategy to implant a temporary IVC filter to prevent pulmonary
embolism during endovascular procedure.

5.5 Endovascular treatment of MTS
The endovascular treatment of MTS by PTA and stenting has been reported in
the literature to be minimally invasive, technically feasible, and safe and clinically

effective. Isolated PTA is not effective, similar to the result in other large central
veins. The access site is from the left popliteal or common femoral veins.
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5.5.1 Percutaneous CDT in the treatment of MTS with extensive DVT

Pharmacomechanical aspiration thrombectomy (PMAT), as described in the
treatment of isolated DVTT, is well suited for MTS in acute stage presented with
extensive thrombi, which is thoroughly dictated in Subsection 4.2.3.

5.5.2 Percutaneous transluminal angioplasty (PTA) and stenting for MTS

In patients with isolated stenosis but free of DVT, PTA and stenting are a
straightforward procedure. In 1995, Berger et al. reported the first successfully

Figure 9.

A go-year-old male with Stage III MTS successfully treated with PTA and stenting. (a) CT topography

showed remarkable swelling of the entire left lower extremity. (b) CTV incidentally showed Stage II MTS

half year age at workup for colon cancer. (c) CTV showed Stage III MTS with diffuse DVT from the upper

left tibioperoneal vein to the common iliac vein. (d) Contrast venography showed minimal floating thrombin
into the IVC (arrow). (e) A Teflon-coated 4-F catheter successfully navigated through the tight stenosis in the
common iliac vein (arrow). (f) After sequential PTAs, a minimal channel was reanalyzed in the LCIV. (g

and h) After a 14 mm x 80 mm Wallstent deployment and thrombolysis with a multi-slit infusion catheter for
48 hours, successful recanalization was achieved. (i) At discharge (8 days after admission), the left leg limb was
even smaller than the vight leg.
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Figure 10.

A 65-year-old schizophrenic female suffered from subacute Stage III MTS, successfully recanalized with PMAT
and Wallstent deployment. (a—e) CTV showed excellent depiction of massive DVT spanning from the lower
IVC down to the left tibioperoneal vein. (f and g) Venography demonstrated floating thrombi in the lower
IVC (arrow), and an Optease caval filter was implanted to prevent pulmonary embolism. (h—j) Subacute
thrombi were removed with aspivation thrombectomy. (k and 1) After aspiration thrombectomy, venography
revealed minimal residual thrombi and long-segment tight steno-occlusion of left iliofemoral veins and venous
collateral. (m and n) After sequential PTAs and Wallstent deployment, the venous flow was restored, and at
2.5-year follow-up, the stent vemained patent.

deployed stent to decompress left iliac vein obstruction. After successful PMAT
is achieved, as done exactly in the treatment of DVT section, a 0.035” hydrophilic
guide wire (Terumo, Tokyo Japan) is vigorously negotiated through the steno-
occlusion in the LCIV, and a 4-F Teflon-coated catheter (Terumo, Tokyo Japan)

is advanced in to the lower IVC. A 0.035” stiff hydrophilic guide wire (Terumo,
Tokyo Japan) is exchanged. Sequential ballooning was conducted, with 3-mm,
5-mm, and 8-mm balloons until the balloon waist is completely gone, to accom-
modate a self-expandable stent of sufficient size and length. Wallstents (Boston
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Figure 11.

A 41-year-old with MTS Stage III presented in acute stage was successfully managed with PMAT, PTA, and
stenting. (a—c) CTV depicted extensive DVT in the left femoroiliac veins. (b) Pre-treatment photo showed
swelling of the left leg and cellulitis. (e) Posttreatment photo showed disappearance of swelling and healing of
cellulitis at 1-month follow-up. (f and g) Venography showed extensive DVT above the left femoral vein and
relatively fresh thrombi obtained by PMAT. (h and i) After PTA and stenting in the LCIV, good patency was
depicted, and minimal vesidual thrombi weve treated with warfarin.

Scientific, Massachusetts, USA) of 12-14 mm in diameter and 80-120 mm in
length are used to span the lesion. During the deployment, the Wallstent is initially
deployed in the lower IVC, after which the whole unit is pulled down to retain a
distal landing zone in IVC of approximately 1-1.5 cm and spans over the entire
steno-occlusive segment with a proximal landing zone of >2 cm. Postdeployment
dilation is carried out with a balloon catheter of appropriate size to scaffold the
venous spurs and fibrosis that frequently accompany MTS. Follow-up DSA is
performed to document the technical success, which is graded as a residual stenosis
of <30% (Figures 9-11) [26, 27]. Aspirin 100 mg and clopidogrel 75 mg are recom-
mended for at least 3 months after stenting. Kaplan-Meier life table analysis is

used to calculate the primary and secondary patency rate in the follow-up periods.
Repeat PTA/stenting as indicated is relevant to maintain the long-term patency.

5.5.3 Technical success and treatment outcome of MTS

As reported in the literature, the technical success rates ranged between 93
and 96% [42-44, 47]. With repeat PTA/stenting, the midterm patency rates were
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promising and ranged between 95 and 100% [47, 48]. Although the prevalence of
overall PTS did not decline with the adjunct use of PMAT, however, the reduction
of moderate to severe degree of PTS was noteworthy. As to the long-term patency, it
reserves meticulous monitoring.

6. Budd-Chiari syndrome

Budd-Chiari syndrome (BCS) occurs when obstruction of the hepatic venules
anywhere along the inferior vena cava (IVC) to the right atrium junction can
lead to portal hypertension. BCS can be life-threatening. The prevalence of
BCS has different geographic variances. In Western countries, the prevalence of
BCS is rare, occurring in about 1 in every 2.5 million people, whereas in some
Asian countries, such as China, India, and Nepal, BCS is a common disease. For
instance, in China’s Yellow River and Huaihe River region, 6.8-12 people per
100,000 people suffer from BCS; and more than 20,000 BCS have been docu-
mented in China [49]. Differences in obstruction sites can also be seen between
Western and Asian populations. In the West, hepatic vein occlusion is more
common, and venous congestion involving the IVC is less documented. However,
in Asia, the diaphragm-type Budd-Chiari syndrome accounts for as high as 70%
of all cases. Geographical variance, obstruction location, and pathological and
anatomical differences have led to significant differences in clinical symptoms,
treatments, and prognosis of BCS in the East and West. The development of
modern imaging has enabled observing the hepatic vein, portal vein, inferior vena
cava, and azygous vein in vivo, which revealed discordances in comparison to tra-
ditional liver biopsy and autopsy findings as described in the previous literature.
Therefore, it is necessary to revisit BCS.

6.1 Etiology

BCS is considered primary or secondary based on the origin of the hepatic venous
outflow obstruction. When the hepatic vein outflow tract is compressed or infiltrated,
itis regarded as secondary BCS. Some examples include a primary or metastatic
tumor of the liver, leiomyomas of the inferior vena cava, and tumor thrombus. So far,
the most common etiology of primary BCS in Western countries is thrombosis, and
25-46% of patients are in prethrombotic or hypercoagulable states. Therefore, pri-
mary BCS is predisposed by prethrombotic conditions [50]. However, in China, the
etiology of BCS is different. The current research shows that in China, the primary
thrombotic disease is not a common cause of BCS. Studies have demonstrated that (1)
patients with inferior vena cava obstruction have elevated blood vascular endothelial
growth factor (VEGF) [51], (2) there is higher groundwater iodine concentration
in high-prevalence areas [52], (3) BCS patients have higher blood and urine iodine
concentrations [53], (4) people living in rural areas have a higher prevalence, (5)
restenosis can occur despite balloon venoplasty of the hepatic vein and inferior vena
cava [54], and (6) membranous reformation can occur despite surgery.

Statistical analysis of 2406 patients found that the proportion of hepatic vein
occlusion in adolescents under 30 years of age was significantly higher than in
patients over 30 years of age [55, 56]. The proportion of inferior vena cava obstruc-
tion increases with increasing age in patients aged 30-79 years old. In 256 BCS
patients in the 60-69 age group, 222 cases have inferior vena cava obstruction, and
34 cases have hepatic vein obstruction (7.2%); only 1 case of 34 cases of BCS in
70-79 years old was hepatic vein obstruction type (2.9%).
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6.1.1 Iodine and vascular endothelial proliferation

Guo et al. found that in the groundwater iodine concentration of drinking water in
128 patients with inferior vena cava obstruction in Heze, Shandong Province, 98.44%
of the 128 patients had iodine content of 150 pg/1 or more, of which 150-300 pg/1
accounted for 27.35% and 300 pg/1 accounted for 71.09%. This result indicates that
an area with high groundwater iodine concentration is at high risk of developing
BCS [52]. Further studies by Zhuang et al. found that blood iodine levels in 233 BCS
patients were also higher than that in the healthy population [53] (see Table 3).

The results showed that the serum iodine concentration of BCS patients was more
than five times higher than that of the control group. On this basis, we tested the urine
iodine of BCS patients and found that the urinary iodine of BCS patients was also
higher than the average population. Li et al. carried out in vitro research on the culture
of umbilical vein endothelial cells and fibroblasts using different concentrations of
iodide culture medium. It was found that at iodine concentration of 300-500 pg/1, the
proliferation of vascular endothelial cells and hyperplasia of fibroblasts can be induced.
It is speculated that high iodine concentration can lead to vascular endothelial cell pro-
liferation [57, 58]. Our study of the inferior vena cava septum revealed that the vascular
endothelium of the inferior vena cava gradually thickened and merged into a septum.
The structure of the septum was fibrous connective tissue in the middle, and the upper
and lower layers were vascular endothelium (Figure 12). However, the mechanism of
how vascular endothelial cells migrate to form inferior vena cava septum is still unclear.

Group n Serum iodine (pg/1) Ranges (min-max)
IVC-type BCS 144 347 £272.3* 4.3-10951
HV-type BSS 71 237 +231.1° 12.3-9372
MIX-type BCS 18 307 + 134.4° 721-512.7
Control group 60 76.3 +257 30.2-974

Values are given as means+SD.
“Versus control group (p < 0.05)

Table 3.
Serum iodine levels in patients with BCS in different types and in the control group.

6.1.2 Vascular endothelial growth factor (VEGF)

In studies using enzyme-linked immunosorbent essay of 40 patients with
inferior vena cava obstruction, Han et al. revealed that patients with inferior vena

Figure 12.
Thickening of the vascular endothelium above the inferior vena cava septum (a). Lateral migration of
thickened vascular endothelium cells and fibrous connective tissue forming the septum (b).
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cava obstruction have serum VEGF concentration four times higher than that of
the control group. These findings hint that the formation of the IVC septum may be
related to inferior vena cava endothelial damage and repair [51] (see Table 4).

6.1.3 Abnormal bone marrow hyperplasia and gene mutation

A significant advance in myeloproliferative neoplasm research was the discovery
of the Janus kinase 2 (JAK2) V617F mutation in 2005. This mutation was detected in
90% of patients with polycythemia vera and 50% of patients with essential thrombo-
cytopenia and primary myelofibrosis. JAK2 is a member of the Janus family of tyrosine
kinases. A retrospective analysis by Kiladjian showed that the detection of the JAK2
V617F mutation was the first diagnostic step in the diagnosis of BCS basic research [59].

In China, Wang collected 65 cases of BCS blood samples from October 2009 to
July 2010. EDTA-K?2 anticoagulation treatment, DNA extraction, primer design, the
establishment of allele-specific polymerase chain reaction system, and comparison
of point mutations at nine sites between the study group and control group were
performed. After allele-specific PCR, there were nine positive mutations in the study
group JAK2 V617F with a mutation rate of 13.85% (9/65). The control group did not
have this point mutation. The mutation rate of JAK2 V617F was significantly lower
than that of BCS patients in Western countries. The results show that differences exist
in the pathogenesis of Chinese BCS compared with that of Western countries [60].

6.1.4 Acquired condition

Many acquired conditions can provoke the occurrence of BCS. Acquired pre-
thrombotic lesions such as Behcet’s disease, antiphospholipid syndrome, hyperho-
mocysteinemia, and paroxysmal nocturnal hemoglobinuria (PNH) promote BCS
development. Behcet’s disease, paroxysmal nocturnal hemoglobinuria, and oral
contraceptives accounted for less than 1% of the study population.

6.2 Clinical manifestation and diagnosis

The clinical manifestations of portal hypertension caused by venous obstruction
and posthepatitic cirrhosis and drug-induced (Gynura segetum) hepatitis are very
similar, which often lead to misdiagnosis. For patients developing abdominal disten-
sion, hepatosplenomegaly, massive and refractory ascites, gastrointestinal bleeding,
and hypersplenism leading to symptoms of white blood cells and thrombocytopenia,
but without past medical history of hepatitis, chronic alcoholism, nor a history of
taking Gynura segetum, hepatic venous occlusion should be considered. The clinical
manifestations of inferior vena cava occlusion have characteristic signs including
swelling, hyperpigmentation, varicose veins, and long-term unhealed ulcers of bilat-
eral lower extremities. In addition, bulging varicose veins above the skins of the chest
and abdomen wall, longitudinal varicose veins, and the lower back varicose veins are
also indicative of inferior vena cava occlusion (Figure 13a-f). Non-specific clinical

Group Number Average VEGF Standard t-value p-value
concentration (ng/ml) error
Control 40 2315 19.27 5.273 p<0.001
group
Study group 40 5.63 8.38
Table 4.

VEGF concentration value t-test vesult.
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Figure 13.

Clinical manifestations. (a) Swelling of the lower extremities. (b) Varicose veins of the lower extremities.
(c) Pigmentation of the lower extremities. (d) Ulcers of bilateral lower extremities. (e) Thoracic and
abdominal wall varices. (f) Lumbar dovsal varices.

manifestations of inferior vena cava obstruction include fatigue, exercise-induced
asthma, irregular menstruation in women, habitual abortion, and primary infertility.

6.3 Imaging diagnosis

The diagnosis of BCS is based on the manifestations of hepatic venous outflow
obstruction. This obstruction can be accurately displayed by noninvasive imaging such
as Doppler ultrasound, CT, or magnetic resonance imaging (MRI). Doppler ultrasound
is considered to be the preferred initial technique, with the ability to directly show
the obstruction and reverse blood flow of the hepatic vein and inferior vena cava. The
formation of collateral branches between hepatic veins is an indirect sign of hepatic vein
obstruction. Ultrasound has a high sensitivity and specificity for the diagnosis of BCS.

CT scan and MRI are effective methods for diagnosing obstruction of the hepatic
vein outflow tract. MR angiography is superior to CT, ultrasound, and angiography
in demonstrating anatomic structures of the hepatic veins, accessory hepatic veins
(AHV), inferior vena cava, azygous veins, and superficial veins of the abdominal
wall (Figure 14a). Magnetic resonance angiography can directly display the hepatic
veins, the inferior vena cava septum and its thickness, length of segmental occlusion
of the inferior vena cava and hepatic vein, location and size of thrombus, as well as
the location, orientation, thickness, and number of collateral circulations. Although
it is not as effective as Doppler ultrasound in recording the intrahepatic collateral
branches, it is unique in showing the extrahepatic collateral and collateral circula-
tions in the abdominal cavity and the abdominal wall (Figure 14b). MRI and CT
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Figure 14.
MRV images. (a) MRV directly shows the hepatic vein, inferior vena cava, and portal vein. (b) MRV shows
extensive extrahepatic collateral circulations after inferior vena cava obstruction.

can effectively show areas of liver parenchyma with reduced perfusion or necrosis.
Magnetic resonance angiography not only makes the diagnosis of BCS more reli-
able but also facilitates the planning of treatment strategies. BCS can be precisely
diagnosed by magnetic resonance angiography alone [61]; traditional percutaneous
biopsy diagnosis of BCS may no longer be necessary [50].

Angiography is still the golden standard for the diagnosis of BCS. It comple-
ments ultrasound, CT, and MRI to provide comprehensive imaging diagnosis of
BCS. At present, angiography is no longer used exclusively for diagnosis but also as
a means of evaluating the efficacy of interventional therapy.

6.4 Definition of a membrane and segmental obstruction

Inferior vena cava and hepatic venous septum formation is a unique pathologi-
cal feature of BCS. Segmental obstruction can coexist in the inferior vena cava and
hepatic vein in some circumstances, making pathological differentiation of the
septum and segmentation difficult sometimes. Thus, proper differentiation of the
septum and segmentation not only contribute to unified diagnostic criteria and
straightforward description of multiple imaging inspection techniques but also
promote subtyping BCS. Furthermore, it has significant clinical value for interven-
tional therapy. Therefore, it is necessary to define the inferior vena cava and hepatic
venous septum and segmental obstruction.

In January 2016, we organized interventional radiology, pathology, and imaging
diagnostic experts to analyze and discuss ultrasound, CT, MRI, and DSA images of
more than 1000 patients with BCS and proposed the following viewpoints: inferior
vena cava and hepatic vein “septum” and “segmentation” are defined by its thick-
ness, 5 mm or less as a membrane, 10 mm or more as a segment, and 6-9 mm asa
transitional zone where the two differentiations can coexist [62].

6.5 Classification and subtype

Because the method of interventional therapy is utterly different from surgi-
cal treatment, the classification used for surgery is not suitable for interventional
therapy. Imaging diagnosis of hepatic vein and inferior vena cava obstruction
has become a routine. After summarizing and reviewing the clinical experi-
ence of 10,000 cases of interventional therapy in China, the conditions for the
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establishment of BCS interventional classification have matured. Interventional
classification will promote and standardize the behavior and procedures of BCS
imaging diagnosis and interventional therapy. It has an objective, realistic, and
long-term clinical significance.

In 2010, more than 10 experts in the Chinese Interventional Radiology Group
engaged in developing an expert consensus guideline on interventional therapy of
BCS. BCS is classified into three main types, namely, hepatic vein obstruction type,
inferior vena cava obstruction type, and mixed type [63, 64], which are still widely
used today. Because of the vast differences in the extent, number, and thrombosis
of hepatic veins and the inferior vena cava between individuals, it is necessary to
subtype BCS.

In January 2016, experts from the Intracavitary Catheterization Committee of
the Chinese Medical Association and experts of interventional radiology, vascular
surgery, pathology, and imaging diagnostics discussed to further divide the 3 major
types of BCS into 10 subtypes (Table 5, Figures 15-24). For the first time, the
hepatic vein and inferior vena cava obstruction combined with thrombosis were
included in the subtype, before which none of the previous classifications have
done so.

6.6 Subtyping of BCS as a guideline for endovascular therapy

Endovascular therapies for BCS include percutaneous balloon dilatation,
stent implantation, thrombolysis, transjugular intrahepatic portosystemic shunt
(TIPS), and hepatic vein reconstruction [65]. Approximately 98% of BCS patients
benefit from interventional therapy. The difficulty of BCS intervention varies
individually, depending on the procedures performed. Interventional treatment of
inferior vena cava septum with a small opening is fairly simple. After completion
of inferior vena cava angiography, dilation with a balloon of suitable diameter and
length can be done straightforward. However, interventions involving inferior
vena cava segmental occlusion, thrombosis formation, occlusion end with the for-
mation of collateral branches, or diffuse hepatic vein occlusion can take the opera-
tors hours or even days to complete the procedure. The new subtyping system
provides a clear guideline for the preparation of preoperative treatment plannings
and selection of equipment including medications and tools for thrombolysis, as
well as the proper selection of percutaneous puncture routes and endovascular
treatment methods (Table 6).

Hepatic vein obstruction Inferior vena cava Mixed-type occlusions
subtypes obstructive subtypes
Hepatic vein/hepatic venous Inferior vena cava Hepatic vein and inferior vena cava
membranous obstruction membranous perforation occlusion (Figure 23)
(Figure 15) (Figure 19)
Hepatic venous segmental Inferior vena cava Hepatic vein and inferior vena
obstruction (Figure 16) membranous obstruction cava occlusion with thrombosis
(Figure 20) (Figure 24)
Extensive hepatic vein occlusion Inferior vena cava segmental
(Figure 17) obstruction (Figure 21)
Hepatic vein occlusion Inferior vena cava obstruction
combined with thrombosis with thrombosis (Figure 22)
(Figure 18)
Table 5.

Ten subtypes of Budd-Chiari syndrome.
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Figure 15.

Hepatic vein/hepatic venous membranous obstruction. (a) An ultrasound showing the septum at the left
hepatic vein opening (arrow). (b) MRV showing the venous septum in the IVC (arrow). (c) DSA showing
membranous venous occlusion in the right hepatic vein (arrow). (d) DSA showing membranous obstruction of
the accessory hepatic vein (arrow).

Figure 16.

Hepatic venous segmental obstruction. (a) An ultrasound showing the segmental obstruction (black arrow)
of the right hepatic vein. (b) DSA showing segmental occlusion of the middle hepatic vein along with
membranous obstruction (white arrow) of parahepatic venous structures.

6.7 New perspectives
6.7.1 Anatomical occlusion versus functional occlusion

According to our data analysis of more than 2400 cases, the incidence of
obstruction of the left hepatic vein in patients with BCS is higher than 95%. Due to
the small volume and smaller venous return of the left hepatic lobe, the outcome
of occlusion of the left hepatic vein is minimal since collateral branches can form
between the left hepatic vein, right hepatic vein, and left inferior diaphragmatic
vein. Due to the presence of the collateral branches, even if the left hepatic vein and
the middle hepatic vein are occluded, venous return can be entirely compensated by
the venous return of the right hepatic vein or accessory hepatic vein. Therefore, we
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Figure 17.

Exgtemive hepatic vein occlusion. (a) An ultrasound showing the right hepatic venous occlusion of the liver with
hyperechoic texture. The right hepatic vein is faintly depicted (black arrow), and the left hepatic vein is small
in caliber. (b) MR showing hepatosplenomegaly. Hepatic veins are few and small in calibers. (c) Enhanced CT
showing hepatomegaly and heterogeneous pavenchymal enhancements. (d) DSA showing the disappearance of
the main trunk of the hepatic vein and small reticular-shaped collateral vessels.
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Figure 18.
Hepatic vein occlusion combined with thrombosis. (a) MRI showing the right hepatic vein occlusion with
thrombosis (white arrow). (b) DSA showing hepatic venous occlusion with thrombosis (black arrow).

Figure 19.

In]gerior vena cava membranous obstruction with a tiny perforation. (a) Color-flow mapping showing
membranous obstruction (black arrow) of the inferior vena cava. (b) MRI showing membranous obstruction
(black arrow) of the inferior vena cava. (c) DSA showing membranous obstruction of the inferior vena cava
with a tiny perforation (black arrow).
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Figure 20.

Inferior vena cava membranous obstruction. (a) An ultrasound showing the vena cava septum as an echoic
texture (white arrow). (b) MRV showing hypointense inferior vena cava septum (white arrow) right above the
hepatic vein opening. (c) DSA showing membranous occlusion (black arrow) of the inferior vena cava.

Figure 21.

In]gerior vena cava segmental obstruction. (a) An ultrasound showing segmental occlusion (white arrows) of
the inferior vena cava. (b) MRV showing a long segmental occlusion (black arrows) of the inferior vena cava.
(c) DSA showing a long segmental occlusion (black arrows) of the inferior vena cava. (d) DSA projected in a
lateral view showing an ultra-long segmental occlusion (black arrows) of the inferior vena cava.

still subtype cases with obstruction of the left hepatic vein and middle hepatic vein
as isolated inferior vena cava obstruction type.

6.7.2 Accessory hepatic veins

In addition to the three hepatic veins, there are scattered small hepatic veins,
collectively called the accessory hepatic vein (AHV) or the short hepatic veins, that
drain directly into the IVC. After conducting anatomic researches, Liu et al. find
that there are two primary sources of AHV: one is from the caudate lobar vein and
the other from the right posterior hepatic vein. However, since most of the AHV are
too small and are not the central draining vein of the liver, they are often neglected
[65]. However, in patients with BCS, when hepatic vein occlusion occurs, AHV is
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Figure 22.

Inferior vena cava obstruction with massive thrombosis. (a) Gadolinium-enhanced MRI demonstrating
massive thrombi of various ages (black arrows and white arrow) in the IVC below the level of obstruction. (b)
DSA showing membranous obstruction in the IVC along with bulky thrombi (asterisk,).

Figure 23.

Hepatic vein and inferior vena cava occlusion. (a) MRI showing right hepatic venous membranous obstruction
(white arrowhead) with segmental occlusion (black and white arrows) of the inferior vena cava. (b) DSA
showing membranous occlusions of the right hepatic vein (black arrow) and inferior vena cava (white arrow).

Figure 24.

Hepatic vein and inferior vena cava occlusions with thrombosis. (a) DSA showing right hepatic vein occlusion
(black arrow) and IVC segmental occlusion with massive thrombosis (white arrow). (b) MRI showing
occlusions of the hepatic vein (black arrows) and IVC with massive thrombi of various ages (asterisk).
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Subtype

Endovascular therapy

Hepatic vein with membranous obstruction

Balloon dilatation

Hepatic vein segmental obstruction

Balloon dilatation + stent

Hepatic vein extensive obstruction

TIPS, hepatic vein reconstruction

Hepatic vein occlusion with thrombosis

Thrombolysis and balloon dilatation

Inferior vena cava membranous axonal

Balloon dilatation

Inferior vena cava membranous obstruction Balloon dilatation

Inferior vena cava segmental obstruction Balloon dilatation + stent

Inferior vena cava obstruction with thrombosis Thrombolysis + balloon dilation/stent

Inferior vena cava and hepatic vein obstruction Balloon dilation/stent

Inferior vena cava and hepatic vein obstruction with thrombosis Thrombolysis + balloon dilation/stent

Table 6.
Selection of endovascular treatment methods based on the subtypes of BCS.

the main channel for venous return. Gai performed an ultrasound investigation

on 244 BCS patients and found 191 (78.3%) cases presented with AHV. Among the
244 BCS patients, 209 had hepatic caudate lobar veins with an average diameter of
(7.88 + 2.78) mm, and 147 had a right inferior hepatic vein with an average diameter
of (9.50 + 3.11) mm [66]. During expansion of the AHV lumen, collateral branches
between the hepatic vein and the accessory hepatic vein can fully compensate the
hepatic venous return (see Figure 21c). In cases accompanied with IVC obstruction,
the degree of IVC obstruction aggravates the expansion of AHV lumen. The acces-
sory hepatic vein can also get obstructed. When the diameter of the AHV reaches

6 mm, it has sufficient compensatory capacity. Therefore, the interventional
treatment of the obstructed accessory hepatic vein above 6 mm is equivalent to the
treatment of the hepatic vein. In short, the accessory hepatic vein is of equal value
to the hepatic vein in the diagnosis and treatment of BCS [67].

Figure 25.
MRV showing that the middle hepatic venous opening (hatched arrow) is above the inferior vena cava
obstruction.
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Figure 26.
MRV showing inferior vena cava obstruction with substantial azygos vein (black arrows) compensation.

6.7.3 Inferior vena cava septum and position of hepatic vein opening

The location of the inferior vena cava septum is generally above the hepatic vein
opening, often causing hepatic venous blood flow obstruction. As the number of
BCS cases increases, we find cases with the left hepatic vein and middle hepatic vein
locating above the inferior vena cava septum. Dr. Zhang of the Chinese Department
of Vascular Surgery also found a case (Figure 25) with the hepatic vein opening
directly above the inferior vena cava septum while providing surgical resection of
inferior vena cava septum. Although the numbers of this kind of cases are excep-
tionally few, the consideration on redefining BCS may be raised.

6.7.4 Azygos veins and its collateral branches

When hepatic vein becomes obstructed, the establishment of collateral branches
between the intrahepatic veins is simple, but it is difficult for collateral branches
to develop outside of the liver. This can result in portal hypertension with poor
prognosis. In contrast, the establishment of the collateral branches after the inferior
vena cava obstruction is relatively easy and extensive (see Figure 26). The azygous
vein is the most crucial collateral branch when inferior vena cava obstruction
occurs. The azygous vein can expand to a diameter of 2 cm (Figure 21) and com-
pensate for the venous return of the inferior vena cava, and the patient usually can
survive longer. Therefore, the severity of clinical symptoms of BCS is closely related
to the compensatory capacity of the collateral circulation.

6.7.5 Closed collateral branch

After significant obstruction of the inferior vena cava, the superficial and deep
vein begins to form collateral and communicating branches. In some cases, one or
more collateral branches can appear above the site of inferior vena cava obstruc-
tion, with the diameter of reaching 2-3 mm. It can appear as single or multiple
saclike structures, which are difficult to detect on preoperative ultrasound, CT,
and MRV. However, DSA can easily show the obstruction and collateral branches
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which play a vital blood flow compensation. During endovascular treatment,
the existence of this collateral branch poses a potential risk. Since the collateral
branches cannot be wholly identified under fluoroscopy, they may be ruptured
during balloon dilatation, resulting in fatal intra-abdominal or intrathoracic
bleeding. Thus, it is essential to be aware of this situation to ensure the safety of
endovascular therapy.

7. Conclusion

With the adjunct use of PMAT incorporated in percutaneous CDT technology
dedicated to the sophisticated endovascular management of DVT and DVT-related
syndrome, the prevalence of PTS of moderate to severe degree and the intractable
pain associated with advanced venous hypertension can be improved substantially.
However, a randomized controlled study, comparing the adjunct use of PMAT
or not, is demanded to offer convincing evidence. In conjunction with PTA and
stenting after successful PMAT, symptomatic MTS can be well managed in terms
of high technical success rate and midterm patency rate with acceptable minor
complications. Along with the appreciations of newly identified pathophysiology
and the creation of a new classification of subtypes, the selection of optimal mode
of endovascular interventions in BCS may be solidly anticipated.

Literature search methods

The key references used in this manuscript are primary obtained using
PubMed (https://www.ncbi.nlm.nih.gov/pubmed/) and the textbooks “Abrams’
Angiography: Interventional Radiology Third Edition” and “Venous Interventional
Radiology With Clinical Perspectives 2nd Edition,” as listed in References section.
Some co-authors’ references and new concepts are acquired from the recent Chinese
radiology professional committee discussions.
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Chapter 9

Bullet and Shrapnel Embolism:
When “Uncommon” Meets
“Dangerous”

Stephen D. Dingley, Zachary E. Darby, Jennifer C.B. Irick,
Gregory Domer and Stanislaw P. Stawicki

Abstract

Bullet and shrapnel embolism (BSE) is well described in the literature. Despite
that, its rare occurrence creates a diagnostic challenge for providers tending to
penetrating trauma victims. As with other forms of embolic phenomena, cases of
BSE require a blend of superb clinical expertise and experience, as well as a high
diagnostic index of suspicion. Management is highly individualized and spans a
broad spectrum of options from “watchful waiting” to open heart surgery. Due to
the risk of retained projectile migration through tissues, including erosion into sur-
rounding anatomic structures, non-operative approaches warrant long-term clinical
surveillance. When promptly recognized and treated appropriately, patients with
BSE can be expected to have excellent clinical outcomes.

Keywords: bullet embolism, clinical management, diagnosis, shrapnel embolism,
treatment

1. Introduction

With approximately only 300 published cases to date, bullet and shrapnel
emboli (BSE) constitute a rare, but well-established, phenomenon in trauma [1-3].
The incidence of BSE has been reported to range between 0.3 and 1.1% of penetrat-
ing injuries, depending on the type of projectile, the setting of injury, and various
patient characteristics [4].

The literature on the topic is heavily case-based, limiting both the generaliz-
ability and applicability of the findings [1-3, 5]. Consequently, clinical progress
appears to follow the publication of major case series and definitive reviews on the
topic. A 1950 review by Barrett presented a collected series of foreign bodies which
have embolized into the cardiovascular system [2]. In the early 1960s, Kinmonth
et al. published a case and a commentary titled, “Gunshot wounds of the heart with
embolism” [5]. In that report, the authors describe open heart surgery using extra-
corporeal circulatory support to extract loose shotgun pellets from cardiac cavities
[5]. In the late 1970s, Mattox et al. [6] published an important series describing
clinical management of nearly 30 cases of intravascular migratory bullets. Over the
past three decades, controversies persisted regarding the preferred stance on BSE,
ranging from “watchful waiting” to “mandatory removal” [1, 7]. Today, approaches
to BSE involve state-of-the-art diagnostic and therapeutic developments, from
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high-resolution computed tomography (CT) imaging to endovascular retrieval

techniques [8]. In this chapter, we provide an overview of BSE, starting with case-
based historical perspective and ending with a summary of modern developments
in this rarely encountered but important area of penetrating trauma management.

2. Case-based historical perspective

Surgical case history is rich with fascinating stories demonstrating both the
natural history and the evolution of clinical management of BSE. In an 1834 report,
Davis describes what may well be the first formal case report of BSE. The patient
was a 10-year-old boy who, while making a gun, accidentally set off the gunpowder
and was shot with a 3-inch piece of wood. This pierced his chest to the right of
the sternum between the 3rd and 4th ribs. The patient lived for 37 days and Davis
reported that the autopsy showed no injury to the heart. Instead, it appeared that
the object had pierced through the lung and into vena cava, from where it traveled
to the right ventricle (RV) [9].

Another early report originated during the First Anglo-Burmese War in 1824,
whereby a soldier suffered a rifle shot into the left axilla [2]. He was subsequently
noted to have drainage of blood, air, and later purulent material from his wound.
Unfortunately, he went on to succumb to this injury 3 days later. An autopsy
showed the tract of the round bullet into the left lung, with the projectile eventu-
ally migrating into the left ventricle (LV). Of note, there was no direct injury to the
heart. The bullet appeared to have penetrated a pulmonary vein and traveled back
to the heart [2].

Despite his skeptical stance toward the original report by Davis [9], Bland-
Sutton in 1919 stated that “in regard to the embolic theory that (Davis) advanced to
explain the presence of the stick in the ventricle” it was important to emphasize that
“at the date of the accident surgeons knew nothing of the transport of blood-clot
either to or from the heart” [10]. It was only around that time that Virchow’s theory
regarding deep venous thrombosis (DVT) and pulmonary embolism (PE) was com-
ing into formation [11, 12].

Even during the time of Barrett’s review in 1950 with comparatively limited
access to information and drastically fewer publications than today, he stated that
“any writer who believes his case to be singular or unique is probably not well-
informed” [2]. The same point continues to be true despite tremendous progress
in trauma surgery since the 1950s. Therefore, it is the authors’ duty to inform the
reader that although cases of BSE are rare, they have indeed been well-documented
in the literature and tend to follow a number of fairly typical patterns [7, 13-16].
The modern surgeon or interventionalist must be aware not only of the presence of
BSE but also key aspects of diagnosis, clinical management approaches, and pos-
sible short- and long-term outcomes [1, 7].

3. Anatomic, pathophysiological, and diagnostic considerations

A bullet or shrapnel may undergo embolization when it only penetrates a single
vessel wall and subsequently enters the circulation [4, 8]. To cross only one vessel
wall and come to rest within the vessel, the bullet or projectile must be of a smaller
diameter than the vessel and must possess kinetic energy that allows the initial
penetration but is insufficient to allow subsequent extravascular re-emergence. In
general, a bullet or projectile without such narrowly defined characteristics will be
highly unlikely to embolize. It is not surprising, therefore, that shotgun pellets and
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22-caliber bullets are the two most common projectiles associated with BSE [3, 17,
18]. In fact, the vast majority of the cases in literature feature bullets that are 0.38
caliber and smaller, with only one recorded case of a 0.40 caliber bullet embolism
[18]. An example of distal embolization of a shotgun pellet from the left brachio-
cephalic vein to the right ventricle is shown in Figure 1 [19]. The incidence of
shrapnel-related BSE may be even lower [4]. Projectiles from non-powdered guns,
often regulated as recreational toys rather than weapons, can pose significant risk of
embolization, with a recent systematic review calling attention to this public health
risk in the pediatric population [20].

While it is often difficult to determine the presence of a BSE, there are several
diagnostic findings that should raise suspicion. To start, an inconsistent number
of entry and exit wounds may suggest a retained bullet. Secondly, when there is no
evidence, either radiographically or clinically, of the bullet along the extrapolated
course or if the bullet is found at a distant location, the possibility of BSE should
be entertained. Lastly, when the piece of shrapnel (or a bullet) is seen in different
locations on serial radiograph images, the phenomenon of a “migrating projectile”
should increase the suspicion for BSE [21]. In one case, the application of whole
body CT scan was instrumental in effectively localizing an embolized shrapnel
fragment within the right mid-lobar pulmonary artery [4]. This particular example
demonstrates that if small enough, grenade/bomb fragments can find their way to
intravascular locations that are far removed from the area of original injury [4].

Projectiles can enter the cardiovascular system in a myriad of ways, including
by direct entrance into an artery or vein, direct entrance into the chambers of the
heart, or erosion from the lungs into the pulmonary vasculature [22]. According to
a systematic review by Kuo et al. [20], reporting on 261 cases of BSE, embolization
via venous route is most common (56%), with arterial (27%) and cardiac injuries
(15%) seen less frequently. It is imperative that physicians are able to recognize the
signs and symptoms of BSE so that timely and appropriate care can be instituted,
with the goal of minimizing both associated complications and mortality. Because
bullet embolism to the peripheral arterial system is an extremely rare phenomenon,
early symptoms/manifestations are often misdiagnosed. Thus, in any patient
presenting with history of exposure to bullet or shrapnel, as well as the appropri-
ate clinical context and symptomatology, one must be vigilant in assessing for the

Figure 1.

An example of a pellet from a shotgun blast to the left upper chest/proximal left arm area (left), with pellet
embolization to the right ventricle (CT image, right). Source: Greaves [19]. Images reproduced and modified
under the terms of the creative commons attribution license (http://creativecommons.org/licenses/by/2.0) which
permits sharing and adapting of published work, as long as original work is properly cited/attributed.
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signs of acute arterial occlusion. These manifestations include the presence of pain,
pallor, paresthesias, pulselessness, poikilothermia, and paralysis. The sequential
appearance of these signs and symptoms is important when determining the dura-
tion of ischemia and prognosis through the Rutherford classification for acute limb
ischemia. One must also consider the possibility of BSE when the wound-projectile
locations are discordant on imaging. In most cases, an arterial projectile should

be removed as soon as possible, even if the patient is initially asymptomatic as the
embolus may become symptomatic, resulting in profound clinical sequelae and
potential morbidity [23].

The reported distribution of BSE between venous, arterial, and cardiac portals of
entry varies across published studies [4, 20, 21]. Nonetheless, clinical manifestations
and management principles tend to be fairly consistent across the literature. The
principal complication from arterial emboli is extremity or end-organ ischemia and
thrombosis, which may occur due to the fact that intra-arterial projectiles travel with
the flow of blood until they become wedged in smaller, more distal vessels. Given that
significant proportion of BSE are sufficiently large to occlude a medium diameter
vessel, the clinical relevance of bullet or shrapnel embolism becomes readily appar-
ent. Not surprisingly, approximately 80% of arterial emboli are symptomatic and
thus tend to present earlier and prompt more immediate treatment [3]. The foremost
intervention utilized for arterial emboli is embolectomy, which is currently consid-
ered as the gold standard, with both open and endovascular techniques described [4,
24]. An example of a bullet causing left chest injury and subsequently embolizing to
the left common femoral artery is provided in Figure 2 [25]. The more commonly
used military or civilian weapons fire bullets of 9 mm or greater diameter. This, in
turn, means that such projectiles are unlikely to embolize beyond the iliac arteries
distally or the common carotid and subclavian arteries proximally. At the same time,
shotgun projectiles can be found virtually anywhere in peripheral arterial or venous
circulation, with each pellet measuring approximately 2 mm in diameter [26, 27].

While venous BSE also typically follow the flow of blood, there are certain sub-
types where venous emboli travel in a nonconforming fashion. For example, bullets
may travel retrograde, due to the effects of gravity, within the venous system and
thus manifest as “retrograde emboli”; however, this occurs only in an estimated 15%
of instances [28]. Additionally, the projectile may cross over from venous to arterial
circulation, becoming a “paradoxical” BSE. This usually requires the presence of
a traumatic arteriovenous fistula (AVF) or an intracardiac defect, such as a patent
foramen ovale or ventricular septal defect [3]. The incidence of such paradoxical
emboli appears to be low, or approximately 2.4% [29]. In most (>80%) cases, there-
fore, venous BSE tend to migrate with the flow of blood and most commonly come
to rest in the right heart or the pulmonary arterial (PA) system [1]. In a 2011 review,
Schroeder et al. [30] pointed out that among 120 cases over a 90-year period, 83%
of venous BSE terminate their intravascular journey in the PA or the right heart,
while 4% remain in the peripheral venous system.

Embolized venous projectiles may be associated with a multitude of potential
complications including, but not limited to, pulmonary artery embolism, cardiac
valve dysfunction, dysrhythmias, intraventricular communications, cardiac conduc-
tion defects, endocarditis, abscess formation, sepsis, thrombosis, tissue erosion,
hemorrhage, pseudoaneurysm, cardiac ischemia from erosion into coronary vessels,
and thrombophlebitis [7, 21, 31]. However, it is important to keep in mind that venous
emboli are only symptomatic in approximately one-third of cases, with clinically
detectable complications related to the initial injury often noted months or even years
later. Therefore, the preferred treatment approach, as well as the overall interven-
tional aggressiveness, toward venous emboli has remained controversial [21, 32].
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Figure 2.

Ang example showing images of a thovacic stray bullet that lodged within the left femoral artery. Intraoperative
picture (bottom) shows the bullet immediately prior to its removal. Source: Aoun et al. [25]. Images
reproduced under the terms of the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
which permits shaving of published work, as long as original work is properly credited.

While a conservative approach in asymptomatic patients with retained projec-
tiles may be warranted, there are case reports of patients presenting up to 6 years
post-injury with sequelae of BSE [33]. Given the possibility for delayed morbidity,
it is vital that medical specialties maintain a high index of suspicion for the risk of
BSE in patients with even a remote history of penetrating trauma complicated by
retained foreign objects, as these patients may present with relatively innocuous
symptoms that are not obviously related to the initial insult.

4. Evolution of modern management approaches

As early as 1939, Decker published an important review of a large collected series
of cases, seeking to determine the optimal management of intracardiac BSE [34].
Across the sources reviewed, 47 patients underwent BSE removal with a mortality
rate of 17%, while 53 underwent observation with a mortality rate of 30%. These
preliminary findings suggested a benefit to BSE removal [34]. In 1946, Harken and
Zoll laid out the principles for removing BSE, which were subsequently used as the
authoritative guidance for the next few decades [35]. To summarize, Harken and
Zoll's guiding principles and goals of therapy included:
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* The prevention of embolus of the foreign body or associated thrombus
* The reduction of the risk of bacterial endocarditis
* The prevention of recurrent pericardial effusion(s)

¢ The reduction of BSE-related myocardial damage, including any associated
pain or other morbidity [35]

With advancements in surgical techniques, up to and including cardiopulmo-
nary bypass, open BSE removal options became increasingly sophisticated and safer
[36, 37]. The next advancement in management was made possible by further
innovations in surgical technology that facilitated endovascular approaches, such as
the removal of cardiac bullet “via a wire basket” [6].

In the late 1970s, Mattox et al. reported their experience involving 28 patients
with intravascular bullet emboli [6]. In terms of projectile origin—destination pair-
ings, this important article described BSE events as follows:

* Seven patients with peripheral vein to PA embolization

* Six patients with abdominal aorta to peripheral artery migration
* Five cases involving peripheral vein to heart embolization

* Four patients with thoracic aorta to peripheral artery migration
* Three cases of heart to peripheral artery embolization

» Two instances of heart to inferior vena cava (IVC) migration

* And finally one case of paradoxical embolism from IVC to abdominal aorta via
penetration of the atrial septa [6]

In terms of management approaches, a total of 20 (71.4%) of projectiles were
removed (12 peripheral artery, 5 heart, 2 PA, and 1 aortic bifurcation), removal of
1 projectile (3.6%) involving the carotid was unsuccessful, and 7 projectiles were
left in place (5in PA, 1in hepatic vein, and 1 in renal vein) [6]. Morbidity in their
series was limited to the bullet being left in place rather than efforts at retrieval.
Two patients died, one from the propagation of carotid thrombosis and subsequent
distal ischemia and the other from unrecognized cardiac trauma related to the bul-
let. Synthesizing their experience and prior literature reports, the authors recom-
mended that most BSE should be removed [6].

Subsequent reports describe a wide range of therapeutic approaches, from clini-
cal observation to intravascular BSE removal [7, 38-41]. With the entire spectrum
of considerations within this evolving area being beyond the scope of the current
chapter, the reader is encouraged to consult literature sources referenced below.
More specifically, Kortbeek et al. provide an overview of conservative management
approaches to pulmonary artery BSE [39]. Although potentially biased, their col-
lected series suggests a favorable morbidity and mortality profile [39]. On the other
hand, Shannon et al. [40] and Adegboyega et al. [7] advocate for mandatory BSE
extraction, citing substantial morbidity and mortality of projectiles left in place
[7, 40]. Furthermore, Norton et al. highlight the relative safety of modern cardiac
procedures as part of their rationale for recommending the surgical approach [42].
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The potential for delayed presentation has also been suggested as a rationale for
surgical intervention [41]. More recently, percutaneous radiographic interventions
have been increasingly common, as demonstrated by case reports of endovascular
extraction of an intracardiac BSE [38, 43]. Yang et al. present a 12-case experience
with nonsurgical management of intravascular foreign bodies [44].

In a recent review of 261 cases of BSE by Kuo et al. [20], authors propose a manage-
ment strategy algorithm for intravascular projectiles, based on the evidence that foreign
objects within the “left-sided” (e.g., left cardiac chambers, systemic arteries, pulmonary
veins) circulation pose a greater risk of complications than those within the “right-
sided” (e.g., right cardiac chambers, systemic veins, pulmonary arteries) circulation.
Their algorithm considers the circulatory site (left vs. right), the presence or absence
of symptoms, as well as presence of a cross-circulation shunt. They propose that all
missiles to the “left-sided” circulation be removed either by operative or endovascular
routes, while objects within the “right-sided” circulation may be safely managed con-
servatively if the patient is asymptomatic and does not have a right-to-left shunt [20].

Symptomatic BSEs can be defined as those leading to any of the potential com-
plications mentioned throughout this article. Whenever possible, symptomatic
BSE should be removed using endovascular approaches as the primary manage-
ment option. Specific indications for removal include objects >5 mm in diameter,
irregularly shaped objects, and projectiles that are freely mobile or only partially
embedded within the myocardium [45, 46]. Advanced endovascular techniques
can help facilitate safe removal of BSE, as exemplified by a 1980s report describ-
ing the first use of endovascular snare to retrieve a bullet embolus from the RV
[47]. Since then multiple additional reports described various endovascular
techniques and approaches for removing BSE across a broad range of anatomic
locations [30, 44, 48, 49].

The management of asymptomatic venous emboli is not clearly defined and
continues to be somewhat controversial. Nagy et al. [45] proposed criteria for
non-operative management of such BSEs, recommending observation for right-
sided cardiac and pulmonary artery BSE if there was no arrhythmia and no valvular
dysfunction, the BSE was smooth and <5 mm, it was firmly in place, and there
was no gastrointestinal contamination. In asymptomatic cases, the risk of surgical
intervention involving the PA or RV must be weighed against the risk of delayed
embolic or infective complications. When comparing available evidence, surgical
intervention versus observation for venous BSE appears to produce no difference in
outcome [39, 40]. Some authors have advocated for observation if an endovascular
approach cannot be utilized given the arguably higher morbidity and mortality
of open retrieval options, such as sternotomy and cardiopulmonary bypass [21].
The clinical heterogeneity of venous BSEs and limited clinical evidence have made
it impractical to have a strict definition and a rigid approach toward conducting
non-operative management. Instead, a set of loose recommendations evolved for
outpatient follow-up featuring serial imaging, consideration of therapeutic antico-
agulation, and potentially antibiotic prophylaxis when appropriate [24, 50].

5. Summary of specific clinical presentations

Due to the heterogeneity of anatomic locations and differing projectile-specific
propensity to migrate and cause complications, a broad range of clinical presentations
have been described. For example, cardiac-related findings may include valvular
insufficiency [21, 31], broadly defined “cardiac irritability” such as the appearance of
arrhythmias [41], and even sudden death [51]. Common pulmonary manifestations
of BSE include chest pain, cough, dyspnea, and hemoptysis [22, 52]. Reported central
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nervous system manifestations include both direct and paradoxical embolization
leading to a stroke or other thromboembolic sequelae [21]. Peripheral vascular BSE
may present with thrombophlebitis, venous thrombosis, vascular insufficiency, as
well as limb ischemia [7, 21]. Finally, as outlined earlier in this chapter, one must keep
in mind that arterial emboli will tend to present much earlier than venous emboli and
that any major end-organ is potentially at risk of being affected [21].

6. Conclusions

Given the heterogeneity of presentations, projectile or shrapnel types, and vari-
ability of anatomic locations, management of BSE depends heavily on the clinical
judgment of the treating physician. Specific considerations should take into account
the anatomic location of the BSE, any associated symptoms, patient comorbidity
profile, hospital endovascular capabilities, and the risk-benefit determination
regarding more invasive interventions. Perhaps more important than the nuance in
management is the necessity of recognition that BPE exists and is well-documented.
Prompt workup to diagnose this phenomenon can be lifesaving and should guide
the subsequent treatment. As our general understanding of the problem increases,
the management of BSE will likely continue to move toward endovascular
approaches, especially given the ongoing technological and procedural advances.
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Bullet and Shrapnel Embolism: When“Uncommon” Meets“Dangerous” Worldwide, there are nearly 250 million major surgical procedures performed annually. Despite generally excellent outcomes, associated health complications consequences to individuals and health systems are significant. Within the overa subset of morbidity, embolic diseases feature very prominently. Such events rang from the arterial to the venous emboli, from preoperative“incidental” findings t postoperative acute emergencies. Embolic phenomena (EP) are known to affect key anatomical structures, from th brain to the heart, and can be present in a variety of settings, from pregnancy to war. In essence, emboli can be characterized as“non-stop concerns” and“source of fear” for lay people and physicians alike. An embolism may be defined as the intravascular lodging of an embolus or vascular blockage-causing fragment, but it is not only that. An embolus is more than a fragment, it is a life-changing event for individuals and their families, and an economic burden to institutions, com- munities, industry, and governments. It is a round of biological consequences sh through society by Mother Nature. Consequently, the healthcare practitioner mu not only be aware of diagnosis and treatment, but also understand the true globa impact of EP from the perspectives of an individual patient, the health system, a the greater community. My experiences in intensive care units run the gamut from very small institution to well-recognized major medical centers, as well as those not only in the United States, but also in China, India, and Europe. I have also had the opportunity to participate in many local, national, and global public health efforts regarding com munity health problems and challenges, and while physicians and other healthca providers may view emboli and embolism as a medical entity, they are also a pub health problem with significant consequences. The authors of this text wish for y to know the nature and impact of emboli, and while the subject cannot be covere in its entirety from every aspect, the reader will be left better educated and with indelible impression of the enormity of the problem. This book provides a sampling of many of the problems encountered by healthca providers in their day-to-day practice of medicine in regard to emboli. The over- view provided by this text will be most valuable to those experienced in the care patients as well as novices. The topics covered are of consequence to those in pri- mary care as well as those who practice in the acute care or intensive care environ ments. The editors of this book have had considerable experience and involveme with the topics addressed, and have dedicated their professional lives to the care the critically ill patient. Their choice of topics is to provide the healthcare provid with an overview of wide-ranging clinical situations to equipyou, the reader, wi tools to help the patient, and for you to better understand the ramifications of th pathology to society in general. It is my hope that the examples provided to the reader in this important book wil provide a solid clinical foundation in some of the vascular diagnoses that plague patients, both in and out of the intensive care unit, and in the perioperative perio I commend the editors and individual chapter authors on their effort and produc and I believe that these materials will enhance patient care and outcomes, and ex pectantly assist in lessening the burden to families and the community. Respectfully submit Thomas J. Papadimos, MD, MPH, FCCM, FA Professor, Division of Critical C Department of Anesthesiol The Ohio State UniversityWexner Medical Cen Columbus, Ohio, U

