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Preface

Life offers opportunities that should never be wasted, as these events bring a
unique experience in carrying out a work in which we learn, teach, and expand our
knowledge. This approach is essential to obtain knowledge and apply it to the care
of patients with aortic aneurysm.

This work is a study of the aortic aneurysm and its various presentations. Written by
eminent specialists in the field, this volume extensively covers clinical, diagnostic,
and treatment findings in the aortic aneurysm. It is designed to assist in the chal-
lenging diagnosis and management of this potentially life-threatening condition. In
the chapters, expert contributors share their experience and knowledge about the
various aspects of aortic aneurysm disease.

For the editors, it was a privilege to participate in the edition of this book. We would
like to thank the contributors and our publisher, IntechOpen.

Ana Terezinha Guillaumon
Universidade Estadual de Campinas - UNICAMP,
Brazil

Hospital de Clinicas da UNICAMP,
Brazil

Daniel Emilio Dalledone Siqueira
Universidade Estadual de Campinas - UNICAMP,
Brazil
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Chapter1

Introductory Chapter: Historical
Aspects and Virtues of the Aortic
Surgeon

Ana Tereginha Guillaumon and Daniel Emilio Dalledone Siqueiva

1. Introduction

The history and description of abdominal aortic aneurysms is as old as mankind.
The earliest accounts date back to the Hearst Papyrus, an integral part of the Eber
Papyrus of ancient Egypt, circa 1500 BC. There is also mention of this disease in the
Sushruta Samhita manuscript from 800 to 600 BC, written by Sushruta, founder
of Ayurvedic medicine [1-3]. Several authors continued describing specific aspects
of aortic aneurysm disease, such as Galen and Antyllus. At that time, there was no
treatment described for aortic aneurysm repair [4].

However, the evolution of the treatment of abdominal aortic aneurysms only
occurred in 1817, when Cooper performed the first aortic ligation for the treatment
of aruptured external iliac artery aneurysm [3]. The patient died four hours after
the procedure. It was only in 1923 that the first successful surgical treatment for the
treatment of arterial aneurysm occurred, being responsible for the development of the
endoaneurysmorrhaphy technique [5]. Several surgeons worked hard, in the 19th and
20th centuries, to develop safe surgical treatment methods with low mortality. Nissen
performed the surgical treatment of an abdominal aortic aneurysm in Albert Einstein
by wrapping him in cellophane [6, 7]. This surgery allowed Einstein to live more 7 years.

Alexis Carrel contributed significantly to vascular surgery. He developed the
techniques of vascular anastomosis, allowing new perspectives in the treatment of
abdominal aortic aneurysms [1-3]. In 1952, Arthur Vorhees performed the repair of
aruptured aortic aneurysm with a synthetic graft, applying vascular anastomosis
techniques, marking the beginning of the golden age of aortic surgery [8].

Great surgeons such as Ernest Stanley Crawford, Michael Ellis DeBakey and
Denton Arthur Cooley improved vascular surgical techniques, introducing sequen-
tial clamping methods, with shorter ischemia times [9]. As a result, they obtained
fantastic results in open abdominal aortic surgery.

The research and improvements in abdominal aortic surgery continued over
the years, allowing new technical options to be developed. Juan Carlos Parodi 1976
began the study of grafts for endovascular use. However, it was only in 1990 that
Parodi performed the first successful endovascular surgery in humans [10].

Aortic aneurysm disease continues to be the source of numerous studies. New
perspectives in identifying etiology, pathophysiology, diagnosis and treatment
should be encouraged. Surgical treatment has advanced significantly in recent years
with less invasive techniques and lower morbidity and mortality.

This book aims to provide an objective technical and scientific approach to
abdominal aortic aneurysm disease. In addition to the aspects inherent to technical
knowledge of aortic aneurysmal disease for successful treatment, the surgeon must
have the skills and virtues.

3 IntechOpen
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2. The virtues of the aorta surgeon

The surgeon, especially those who approach the aorta, sometimes faces situa-
tions that are almost impossible to correct and it is at this moment that we feel the
limit of our performance. There is the treatment for all patients, but it depends on
the medical technical decision associated with the patient’s care. Therefore, the
clear and objective explanation to the patient, the “steps” to be followed, is a joint
and fundamental action for the success of the treatment, whatever it may be. Thus,
a doctor-patient relationship is built, whose trust implements the treatment actions.

The surgeon does his/her work far beyond the purely technical aspects. Well, the
construction of a career as a surgeon cannot be only technical but based on moral
aspects and humanism. We will discuss the four virtues that must be developed and
are essential to a good surgeon.

The first virtue is courage, it represents the beginning and is most admired for
its ability to overcome fear. The fear of approaching the largest vessel in the human
body, which is the aorta, is responsible for bringing life to all tissues and organs.
This virtue is not a spectacle and is never seen as a success. Courage is a virtue that is
present in the lives of heroes, who believe in their principles: it serves to think well,
to advance or retreat, especially in operative approaches.

The second virtue is humility, a singular virtue because the surgeon’s self-works. It
makes the surgeon not proud of his/her technical preparation and surgical results. This
virtue awakens the surgeon to the awareness of the impotence of imitating God, with-
out being so. It also allows the surgeon to be clear about reality and possible difficulties.

The third virtue is prudence, it is the exercise of the superego leading the profes-
sional to do and choose what is absolutely necessary. Avoiding acts opposite to necessary
in the treatment of the patient. Prudence has as its principle the condition of fidelity
between technique and absolute character. It is a structural part of medical ethics.

The fourth virtue is simplicity, it is the lightest of virtues. This one is unques-
tionable, it is just real. Simplicity summarizes existence. It is virtue linked to intel-
ligence, it turns complex actions into simple actions.

We believe that the union between technical and scientific knowledge associated
with the virtues allows for greater humanism in the doctor-patient relationship.
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Chapter2

Alternative Techniques for
Treatment of Thoracic Aneurysms
without Ideal Anatomy

Jorge Armando Martinez, Envique Ovtiz Herrasti,
Rauil Alberto Bacelis, Pedvo Manuel Cordova
and Ingrid Estrella Diaz

Abstract

The combination of open surgery and thoracic endovascular repair [TEVAR]
are considered hybrid procedures, they are used today to solve the different
pathologies of the thoracic aorta, these procedures are presented as a therapeutic
alternative for those patients who are not candidates for a procedure conventional
surgical procedure, either because they are considered “high risk” patients, due to
their pathological history, or in those patients who present a complex anatomy that
makes it difficult to complete the repair with endovascular therapies in its entirety.
To familiarize ourselves with these therapies, we consider it important to classify
them by anatomical segments according to the Ishimaru classification to facilitate
their understanding.

Keywords: thoracic aorta, aneurysm, hybrid, endovascular, bypass, endovascular,
debranching

1. Introduction

Managing thoracic aortic aneurysms involving the aortic arch poses a surgical
challenge. Open surgery it is the gold standard procedure that uses a medium
sternotomy and cardiopulmonary bypass [CPB] and hypothermic circulatory arrest
is associated with significant morbidity and mortality which causes patients at
“high risk” determined by the American Society of Anesthesiologists [ASA] do not
be candidates for this kind of repair. Endovascular therapy has revolutionized the
treatment of complex chest aortic disease, but supra-aortic arch anatomy represents
a more complex challenge for endovascular therapy, although new techniques have
resulted such as fenestrated and branched stents these are still in the experimen-
tal stage. Treatment hybrid is a combination of debranching procedures of the
branches of the supra-aortic arch with endovascular repair of the chest aorta, itisa
good alternative in patients with difficult anatomy and high-risk, obtain technical
satisfaction in most cases. Hybrid therapy has several studies with promising results
but has not been validated as an option of treatment today.

7 IntechOpen
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2. Classification of techniques alternative for treatment of thoracic
aneurysms involving the aortic arch

Volodos team performed the first hybrid aortic arch repair in 1991. Since then, it
has grown enormously by the development of these alternative therapies to conven-
tional open surgery [1].

Indications for repair of thoracic aortic aneurysms are mostly from aneurysm
degeneration greater than 5.5 cm in 54% al 63% and secondly dissections by 22% al
43% emergency procedures are performed in up to 20% of cases.

Patients undergoing hybrid repair mention among their history chronic obstruc-
tive pulmonary disease secondary to smoking and ischemic cardiac history in 12%,
ischemic brain events at 10%, and 16% of patients have the antecedent of a repair of
an abdominal aortic aneurysm [2, 3].

The reported complication rates for thoracic aortic interventions are estimated
to be 36% in procedures performed entirely with endovascular therapy using
fenestrated/branched endografts. When hybrid procedures are performed, the
complication rate is 33%, and 50% for open surgery [4].

Regarding the complications reported after hybrid therapies, we found that
patients present endoleaks with rates between 9% and 22% of cases, most endole-
aks are type 1 and are resolved in the vast majority of cases with the placement of
a proximal prosthesis or extension, stroke is reported in 7% to 14% of patients,
mainly related to the posterior circulation, probably related to the occlusion of the
left subclavian artery that is performed in a programmed way in the majority of
cases, paraplegia in 0.5% to 6% with response to cerebrospinal fluid drainage in one
third of patients, this drainage is recommended in patients with extensive aortic
disease or after placing an endoprosthesis with an extension greater than 15 cm in
length. The descending aorta, retrograde aortic dissection in 4.1%, this occurs more
frequently in hybrid therapies in which covered stents parallel to the aortic are used,
and graft bypass occlusion 4% and cardiopulmonary complications 14%. [5-8].

The technical satisfaction of hybrid procedures is estimated between 69% and
100% with an average of 87% of the cases, with a conversion to open surgery of 3%
for the repair of any complication. Rate survival to 12-month after the procedure is
78%, and the 3-year follow-up is reported at 73% [5, 6, 8].

Regarding the surgical approaches used to access the carotid arteries, a longitu-
dinal or transverse incision in the neck is used more frequently, for the left subcla-
vian artery a horizontal infraclavicular or supraclavicular incision is used, the latter
being the most used, some patients require of a median sternotomy to approach a
healthy segment of the ascending aorta and place a graft with 2 or 3 branches in it to
completely reimplant the aortic arch. Hybrid repair offers good short-term results,
but more long-term follow-up studies of bypass results and permeability are needed
in these patients. Follow-up studies of complex thoracic aneurysms with hybrid
procedures are mostly retrospective some with 36-month follow-up [1, 4].

The debranching procedures are divided into complete procedures when the
debranching corresponds to zone 0 of the Ishimaru classification with which the
three main branches of the aortic arch are reconstructed, the partial procedures
are those that correspond to the zone 1 and 2 of Ishimaru, in zone 1 the left carotid
artery and the left subclavian artery are reconstructed and in zone 2 the left subcla-
vian artery only [9].

2.1ZoneO

Zone 0 corresponds to the ascending aorta and the origin of the innominate
artery. Hybrid reconstructions in this area can be subdivided into two types:
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2.1.1Type 1

Type 1is used when a segment of the ascending aorta is healthy, this repair consists
of the reimplantation of the aortic arch vessels, using a 2 or 3-branch dacron graft that
is anastomosed to a healthy ascending aorta segment above of the tubular sinus junc-
tion. The left subclavian artery is the first to anastomosed followed by the left carotid
artery and later the brachiocephalic trunk, in the case that the left subclavian artery
is not accessible by a sternotomy, a left carotid artery bypass is performed to the left
subclavian artery through a supraclavicular incision. This procedure can be performed
with a cardiopulmonary pump or by lateral clamping of a segment of the aorta, using
amean time of 193 + 58 minutes and a mean clamping time of 44 + 27 minutes. When
using a 2-limb graft, the need to bypass the left carotid artery to the left subclavian
artery should be evaluated at the time of surgery or later Figure1 [1, 8, 10, 11].

2.1.2 Type 2

This type of repair is performed in those patients with extensive disease of the
ascending aorta in which there is no healthy segment to perform a type 1 repair,
or when the ascending aorta that corresponds to the proximal landing zone of the
endoprosthesis is greater than 3.7 cm since this diameter is associated with a greater
risk of type A dissection. This repair consists of the substitution of the ascending
aorta with a dacron graft and a 2 or 3-branch dacron graft is anastomosed on this
graft. This repair requires the use of a cardiopulmonary pump and sometimes a

Figure 1.
Debranching zone o type 1, using a 3 branch dacron graft, the endoprosthesis covering the three main branches
of the aortic arch.
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short period of circulatory arrest with a mean time of 259 + 54 minutes with clamp-
ing time of 121 + 63 minutes of circulatory arrest Figure 2 [1, 8, 10].

The following are recommendations when performing aortic arch
reconstruction:

1.Mean arterial pressure of 80-100 mmHg during anastomosis of the arteries
supplying the head.

2. Have prefabricated grafts of 2, 3 or 4 branches.

3. Start the reconstruction with the anastomosis on the anterolateral aspect of the
ascending aorta.

4.During the anterior anastomosis maintain a mean arterial pressure of
50-60 mmHg.

5. Continue with the revascularization from distal to proximal starting with the
left subclavian artery, followed by the left common carotid artery and finally
the brachiocephalic trunk.

6. During the previous anastomosis, maintain a mean arterial pressure between
80-100 mmHg.

7.When the left subclavian artery is not accessible through the median ster-
notomy, a carotid-subclavian bypass is performed through a supraclavicular
incision at the same time or later.

Figure 2.
Debranching zone o type 2, using a 3 branch dacron graft, the substitution of the ascending aorta with a dacron

graft and endoprosthesis covering the three main branches of the aortic arch.
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In general, the 30-day in-hospital mortality reported for these procedures is
8% to 14%, with the highest mortality for type 2 procedures, a neurological deficit
of 7% to 14%, and kidney failure requiring hemodialysis in 3%. Atrial fibrillation
is reported in up to 42% of these patients, the reported survival is 71%, 60%, and
48% at 12 months, 3, and 5 years, respectively [1, 8, 11].

2.27Zo0nel

Zone 1 corresponds to the area of the ascending aorta between the brachy-
cephalic trunk and the left common carotid artery. Repair of the left subclavian
artery may or may not be necessary, depending on the clinical context, this repair is
performed in up to 70% of cases, so repair is recommended whenever possible. The
debranching of zone 1 is a partial procedure and is subdivided into three types:

2.2.1Type 1

Sequential bypass from right carotid to left carotid and left subclavian artery is
carried out by performing a sequential bypass that is: An anastomosis of the right
carotid artery to the left carotid artery and from this a bypass to the left subclavian
artery, so this procedure can be completed without the need for extracorporeal
circulation, median sternotomy, or thoracotomy (Figure 3).

2.2.2 Type 2

Double arterial transposition this is to perform an anastomosis first from the
left carotid artery to the right carotid artery or the brachiocephalic trunk followed

Figure 3.

Debranching zone 1 type 1, using bypass sequential bypass from right cavotid to left carvotid and left subclavian
artery. Note closure of the left carotid artery lumen and ligation of the left subclavian artery, with a
endoprosthesis covering two branches of the aortic arch.

11
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by an anastomosis between the left subclavian artery to the left carotid artery. A
single transposition of the left carotid artery to the right carotid artery can also be
performed followed by a left carotid artery bypass to the left subclavian artery using
agraft [1, 8] (Figure 4).

2.2.3Type 3

Bypass with graft of the right carotid artery to the left subclavian artery, then
the insertion of the left carotid artery over the graft is performed [6].

There are no studies comparing the three types of hybrid revascularization for
zone 1 (Figure 5).

2.3Zone?2

The debranching of zone 2 is a partial procedure too.

Many patients with thoracic aortic disease have extension of the disease to
the left subclavian artery, so it may need to be covered between 40% and 50% to
achieve a seal and adequate proximal fixation. In general, after TEVAR the rates
of neurological complications are up to 15%, the etiology is related to athero-
embolization and decreased flow of the left vertebral artery [7, 10, 12]. Some
authors suggest that the coverage of the left subclavian artery is associated with an
increase in neurological complications related to the reduction of the flow of the
posterior circulation, while others report that revascularizing the left subclavian
artery does not offer any benefit, on the contrary, it increases the surgical time
and the risk of complications, especially in emergency surgeries such as ruptured
aortic aneurysm [10, 12].

In 2010 the published guidelines of the Society for Vascular Surgery [SVS]
and in 2017 the guidelines of the European Society for Vascular Surgery [ESVS]
recommend early revascularization of the left subclavian artery to reduce the

4

Figure 4.
Debranching zone 1 type 2, using double arterial transposition. Note closure of the lumen of the left carotid
artery and the left subclavian artery with a suture line.
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Figure 5.

Debranching zone 1 type 3, using bypass with graft. Note closure of the lumen of the left subclavian artery
whit coils and the left carotid artery with a suture line, with a endoprosthesis covering two branches of the
aortic arch.

risk of neurological complications, but this recommendation is based on low-
quality evidence [13, 14].

In the meta-analysis published in 2016 [15], which compared retrospective
studies, they found a stroke rate of 2.2% to 5.8% for patients with left subclavian
artery revascularization and from 7.8% to 9.1% In those who did not revascularize,
with respect to spinal cord ischemia, a rate of 2.7% was reported for those patients
with revascularization and 4.3% for those patients without revascularization of the
left subclavian artery, without statistical significance for these results, but with a
trend in favor of revascularization of the left subclavian artery.

Factors related to stroke and spinal ischemia include the duration of the pro-
cedure, the degree of underlying aortic disease, device navigation and release, the
number of prostheses used in aortic repair, occlusion below T10, insufficiency
renal and female sex [15-18]. Mortality from revascularization and non-revascu-
larization of the left subclavian artery in hybrid procedures is similar, 3.1% to 4.3%
respectively.

There is no significant difference in the effectiveness between open revascu-
larization surgery techniques (left carotid-subclavian shunt or subclavian carotid
transposition), finding 100% patency in the two techniques. Open revasculariza-
tion is not without complications such as lymphatic leakage, vocal cord paralysis in
5% to 13%, and phrenic nerve injury in 4.4% of cases [10, 19].

In recent years, a tendency has been observed to revascularize the left subclavian
artery with endovascular techniques; Some studies suggest that these revascu-
larization techniques present similar results to open surgery, whether it is the
transposition of the left subclavian artery to the left carotid artery or the bypass
of the left carotid artery to the left subclavian artery, in selected patients, such as:

13
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Preoperative Intraoperative Postoperative
* Bypass in the internal mam- * Loss of left radial pulse after ¢ Clinical symptoms of vertebrobas-
mary artery (IMA). device deployment. ilar insufficiency (ataxia, blurred

vision, dizziness).

Left vertebral artery (LVA) Claudication of the left arm.
direct branch of the aortic

arch.

Access for hemodialysis in
the left thoracic limb (LTL).

Dominant left vertebral
artery.

Protection of the spinal cord.

Extensive coverage of the
aorta

Table 1.
Indications for revascularization of the left subclavian artery. This table considers three moments in which we
can perform a surgery.

patients with severe obesity, very short and stiff necks, previous neck surgeries.
For endovascular therapy of the left subclavian artery to be performed, anatomical
aspects should be considered such as: a distance greater than 40 mm between the
left vertebral artery and the subclavian artery left, an angle less than 75 degrees to
the aortic arch of the left subclavian artery [3, 17].

Most of these studies do not describe anatomical details that determine the
result, and the evidence is based on a small number of clinical cases with short-
term follow-up of [17, 18]. Therefore, the surgeon must individualize the best
therapeutic option for each patient based on the least morbidity and the longest
possible duration.

The indications for elective revascularization of the ASI can be summarized in
Table1 [16, 18].

3. Conclusion

There are no data from randomized controlled trials comparing conventional
therapy with hybrid procedures for the treatment of aortic arch pathology; some
studies comparing the results between open surgery and hybrid therapies show a
statistically significant findings found in recent studies a reduction in mortality.

However, hybrid procedures are an alternative for those patients with high surgical
risk who cannot tolerate open repair or complex anatomy for endovascular therapy.
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Chapter 3

Aortic Aneurysm: A Surgical Point
of View
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Abstract

Aortic aneurysms are of different types as different ones are the types of
treatment available to us. Following the advent of endovascular surgery, periopera-
tive mortality has been significantly reduced, but open surgery remains the first
choice under some occurrences. The purpose of this chapter is to try to clarify the
dichotomy between open and endovascular aortic aneurysms in the several types
of aortic aneurysms, highlighting the indications and complications to guide to the
best therapeutic choice.

Keywords: EVAR, TEVAR, open, endovascular, AAA, TAA

1. Introduction

The aortic aneurysm is defined as a pathological condition characterized by
permanent dilation of the aortic wall that most often occurs in the infra-renal
region and the aortic arch. It generally presents asymptomatically, but progressive
dilation can lead to the aorta rupture until the patient’s death of the patient [1].

Based on autopsy studies, it is estimated that about 1-2% of the population has
an aortic aneurysm, increasing to 10% in the older population [2]. In the United
States, an aortic aneurysm rupture is in thirteenth place due to cause of death [2].
Abdominal aortic aneurysms (AAA) are the most common type, and most of them
are atherosclerotic. The ascending tract aneurysms (ATAA) instead of the present
as the most common etiology medial degeneration, a process normal in aging, but
which accelerates pathologically if the person has other disorders, such as hyper-
tension, bicuspid aortic valve, or genetic alterations [2].

2. Etiology

The etiology of aneurysm formation is not yet exact connoted. Aneurysmal
disease main problem is the wear of the aortic wall, which progressively increases its
dilation and the risk of rupture [3].

Biochemical studies have shown that there is a decrease in elastin in this
pathology as opposed to a more significant increase in the share of collagen,
increasing the ratio of collagen to elastin in the aneurysmal wall [4, 5].
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Animal tests have highlighted that the aortic wall weakening is also due to the
intervention of matrix metalloproteases, which act on the degradation of elastin
and the destruction of smooth muscle cells [4].

Infections are an uncommon cause of aneurysmal pathology, with cases ranging
from 0.65% to 1.3% of cases. Most are attributable to staphylococci, but strepto-
cocci, salmonella, and syphilis can also occur [6, 7].

Fungal infections are sporadic, but there are some documented cases [6].

Among the genetic disorders predisposing to this type of disease, we have
Ehlers-Danlos, a hereditary connective tissue disorder, specifically type IV, which
induces an autosomal dominant collagen type reduction III [8].

Another autosomal dominant genetic pathology of connective tissue is Marfan
syndrome. People with this pathology present a mutation of the fibrillin gene,
predisposing them to aortic aneurysms, dissection, mitral insufficiency, deformities
of the chest wall, joint laxity, and increased arm and leg length [9].

Another one is the Loeys-Dietz syndrome, an autosomal dominant pathology
characterized by arterial tortuosity and aneurysms, hypertelorism, and bifid uvula
or cleft palate. To be suspected in cases of aortic dissection or aneurysmal rupture in
young patients [10].

3. Natural course

Familial thoracic aortic aneurysms (TAA) grow faster, up to 2.1 mm/year. There
are also various growth rates of syndromic TAA. In patients with Marfan syndrome,
TAA growth rates are on average 0.5-1 mm/year, while TAA in patients with Loeys-
Dietz syndrome (LDS) can grow even faster than 10 mm/year, causing death at an
average age of 26 years [11-14].

Descending TAA (DTAA) grew more (at 3 mm/year) than ascending TAA
(1 mm/year). Marfan syndrome patients with aortic valve disease and aortic dissec-
tion who underwent reparative surgery had TAA growth of 0.58 + 0.5 mm/year for
the descending aorta. Factors influencing the growth of aortic diameters over time
are hypertension, emergency procedures, and aortic dissection [15].

The dissection risk or rupture hazard increases rapidly when the aorta diameter
is >60 mm for ATAA and > 70 mm for DTAA. Although dissection can occur in
patients with a small aorta, the individual risk is very small [16].

AAA has a very long estimated asymptomatic growth period of approxi-
mately 1-6 mm/year. Several risk factors may contribute to its growth and
progression such as genetic and environmental factors, among which smoking
stands out as a determinant for rapid growth. The growth rate of the aneurysm
increases in proportion to its size. Diameter has an exponential effect on the risk
of rupture and women have a greater risk of rupture at diameters 10 mm smaller
than men [17].

4, Clinic

An accurate anamnesis and objective examination must be performed. Most
aneurysms are incidentalomas, occasional findings, highlighting chronicity, and
growth rate. It investigates whether you are faced with a smoker if you have expe-
rienced weight loss, abdominal pain, fever, or intestinal bleeding over time. It is
necessary to study the person from the renal point of view, as a situation of moder-
ate or severe renal failure increases the morbidity and mortality of the subject.
The patient’s abdomen’s objective examination is performed to see if a pulsatile
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abdominal mass is appreciated. Also, a cardiological objective examination is
performed for arrhythmias or valve defects [18].

For this pathology’s diagnostic and therapeutic treatment, a division between
thoracic aorta aneurysms and abdominal aneurysms is performed. This dichotomy
is artificial, as there are thoracoabdominal aneurysms and the possibility of mul-
tiple lesions in both areas. The presence of an aortic aneurysm can be associated
with aneurysms in other regions. During diagnostic tests, aneurysms of the iliac
vessels can also be observed, but those of the popliteal vessels can escape instead.
Some studies report that the prevalence of popliteal aneurysms on aortic aneurysm
pathology maybe 14% [19].

People with TAA are often asymptomatic, and the diagnosis is often sup-
ported by images taken for other reasons or screening. In Marfan syndrome,
aortic widening is generally maximum in Valsalva sinuses, responsible for
anuloaortic ectasia [20].

Asymptomatic patient is also present in the abdominal aortic aneurysm.

The sensitivity of the objective examination is low. People may present with
atypical abdominal pain or lumbar pain, but it is not enough to alarm us for this
pathology.

Acute abdominal pain with shock is often present in cases of aneurysmal rup-
ture. Ultrasonography is an excellent tool for screening and surveillance, with no
proven risks and low costs. It becomes useful during echocardiography to evaluate
aortic necessary for the future investigated by other diagnostic tools [21].

The CT scan with intravenous contrast medium (IV contrast) is the diagnostic
method for intervention planning. It also allows you to create a virtual angiogram
with 3D reconstructions to study the organ ratios. It can also evaluate the coexis-
tence of aneurysms or occlusive pathology at the level of the iliac or femoral artery
sectors [22].

MRI with contrast medium, and without it, is the main examination in patients
allergic to IV contrast or case of pregnancy of the patient and allows an accurate
study of soft tissue, although it does not show calcifications within the aortic wall.

5. Intervention criteria

For the ATAA, the intervention is based on the diameter of the vessel and the
patient’s medical history, evaluating the risks and benefits of surgical intervention
in the election. The surgery should be performed in patients with Marfan syndrome
and a maximum diameter greater than or equal to 50 mm [23].

Diameters of 45 mm may be considered eligible for surgery in cases with mul-
tiple risk factors such as the family history of aortic dissection, increased diam-
eter > 3 mm/year, severe aortic regurgitation, or desire for pregnancy [24].

Surgery should be considered in patients with a bicuspid aortic valve with a
diameter greater than or equal to 55 mm. The limit may drop to 50 mm in patients
with multiple risk factors, such as hypertension, aortic coarctation, familiarity, or
a3 mm/year increase in aneurysmal diameter. Without considering etiology, the
surgery should be performed in patients with an aortic diameter greater than or
equal to 55 mm.

The treatment is also indicated in patients with saccular aneurysms, pseudoa-
neurysms, symptomatic aneurysms and is also recommended for patients who
need valve surgery, considering eligible those who have formations with diameters
greater or equal to 45 mm [25, 26].

In aortic arch aneurysms, the surgery is performed for diameters greater than
or equal to 55 mm or where the compressive symptomatology is very evident.
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The decision must be accompanied by postoperative risk assessment, as replacement
surgery is associated with increased mortality and stroke possibilities [27].

In descending aortic aneurysms, the use of stent-graft positioned by endovas-
cular technique prevails. Endovascular surgery should be considered for aneurysms
with a diameter greater than or equal to 55 mm. In cases where an open procedure
must be performed, the indications are for diameters greater than or equal to
60 mm. Lower limits should be considered in patients with Marfan syndrome [28].

We recommend periodic ultrasound monitoring in AAA until it reaches diam-
eters more significant than 55 mm, if it becomes symptomatic or if it increases its
growth rate to values >10 mm/year [29].

6. Treatment

Until the advent of endovascular surgery, open surgery was the only possibil-
ity of treatment in cases of descending thoracic aortic aneurysm. Postoperative
mortality from open surgery was 10% [30].

Over 40% of patients experience perioperative cardiopulmonary complica-
tions. According to some authors, perioperative mortality is about 3%, and the
risk of complications like paraplegia increasing values between 0 and 4%. That is
true in the open and the endovascular approach, and it may be due to spinal cord
ischemia [31].

Since the use of stent-graft for endovascular surgery has been approved, this
method has increasingly replaced open techniques. Post-operative mortality has
decreased between 1.5% and 7%, with paraplegia risk between 1% and 3% [32, 33].

Open surgery should be considered in young patients with a low risk of periop-
erative complications.

Successful endovascular surgery depends on proximal implantation, distal to the
left subclavian artery, and distal to the thoracic aorta or extending to the abdominal
aorta above the celiac tripod. It is generally performed with one or more stent-graft
tubes, and the choice of devices depends on the surgeon’s anatomical characteristics
and experience.

Open surgery remains an essential treatment for patients with altered anatomy,
in young patients with few comorbidities, and in genetic collagen disorders. The
operation involves replacing the aortic aneurysmal portion with a tube graft,
performed by left thoracotomy [31].

During the clamping, perfusion is maintained by right or left cardiac by-pass,
allowing for less postoperative morbidity and mortality [34].

With the left by-pass, the oxygenated blood is taken directly from the left
pulmonary vein or left atrium and infused by the femoral artery’s cannulation.

The right by-pass allows greater hemodynamic control but requires higher levels
of heparinization and therefore bleeding. The distal clamp is placed just below the
proximal anastomosis, maintaining perfusion in almost the entire thoracic aorta as
the proximal anastomosis is completed.

When distal aortic perfusion is not used, the repair is achieved with a clamp
and seam technique, in which the aorta is clamped and repaired in sequence, with
attention to speed to minimize distal ischemia time.

During the open operation, the number and location of the segmental arteries
involved in the repair are predictive of the risk of spinal cord ischemia. In a wide
range of open procedures, spinal cord ischemia was rare if the segmental arteries
involved were < 8 but was 12.5% if >13. Before opening the aneurysm sac, the men-
tal arteries are cut or clamped to avoid back bleeding and subsequent theft from the
spinal cord [35].

22



Aortic Aneurysm: A Surgical Point of View
DOI: http://dx.doi.org/10.5772/intechopen.96057

Abdominal, thoracic aneurysms involve various extensions of the aorta, from
the left subclavian artery to the aortic bifurcation, all with some degree of involve-
ment of visceral segmentation. Currently, open surgery remains the therapy of
choice in the United States. Successful surgery involves replacing the diseased aorta
through a large left thoracoabdominal incision. When the entire visceral segment is
involved, the renal and mesenteric arteries are reconstructed through a Carrel patch
(typically a single patch for the right renal artery, the superior mesenteric artery,
and the celiac trunk with a separate left renal by-pass), or a Coselli graft with a
branch to each visceral vessel.

A branched graft is preferred for patients with congenital aortic disease, as these
patients are at high risk of patch aneurysms. The need for exposure, dissection, and
reconstruction of the visceral segment makes the repair of the thoracoabdominal
aorta aneurysm technically complex and highly morbid. Postoperative mortality
in high-volume centers has been reported as low as 8%. However, the National
Surgical Quality Improvement Program and National In-patient Sample mortality
was 10% and 22%, compared to 2% [36-38].

Half of the patients suffer from postoperative pulmonary, cardiac, and renal
complications [36, 37].

Techniques have been developed to maintain distal perfusion and minimize
renal and visceral ischemia during the reconstruction of the thoracoabdominal
aorta aneurysm. In most cases, cardiopulmonary by-pass with femoral arterial
cannulation is used to maintain distal perfusion. During the reconstruction of the
visceral segment, renal ischemia is mitigated by direct perfusion of the renal arter-
ies with cold crystalline solution or blood from the by-pass circuit. Visceral perfu-
sion is also maintained with blood from the by-pass circuit. Besides, mild systemic
hypothermia is often used to minimize the impact of ischemia [39].

There are no commercially available devices approved for total endovascular
TAA repair in the United States. However, a hybrid type II TAA repair with
thoracic aortic aneurysm repair (TEVAR) has been described, followed by open
replacement of the remaining visceral segment and abdominal aorta involved.
That can be performed either as a single-stage repair or as a 2-stage repair. While
postoperative mortality is similar, there is evidence that a staged approach, either
when performing a hybrid or open repair, is associated with a lower risk of spinal
cord ischemia (SCI) [40, 41].

Aortic arch aneurysms are usually treated in conjunction with the treatment of
an ascending or descending aneurysm. The arch is best exposed through a median
sternotomy and most often is replaced with a branched graft with an individual
branch for each vessel of the arch. Arch replacement is associated with significant
early morbidity and mortality and involves substantial risk of neurological compli-
cations, both from cerebral ischemia and embolization. In most cases, arch repo-
sitioning is performed in hypothermic circulatory arrest. The cerebral blood flow
can be maintained with selective cerebral perfusion prior to the degree of cerebral
perfusion.

In the endovascular era, 2 techniques for hybrid aortic arch repair using a
combination of open and TEVAR surgery have been developed. Eradication of the
supraoptic arch involves by-passing all 3 branches of the arch from the ascending
aorta, followed by the TEVAR, including the arch. The proximal holding area is in
the non-aneurysmal ascending aorta or proximal arch. The alternative approach is
the endovascular modification of the elephant truck technique, used for patients
with ascending and descending aneurysms. With this technique, the aortic arch is
replaced with a branched graft that includes an extension of the distal tube graft.
This is extended distally into the descending thoracic aorta beyond the distal anas-
tomosis. The pathogenesis of the ascending aorta aneurysm is different from that of
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descending aneurysms and abdominal aorta in many cases. It frequently occurs in
patients with Marfan syndrome and other disorders of familial connective tissue or
bicuspid aortic valves [42].

In addition, isolated ascending aortic aneurysms are rare, as most occur in con-
junction with aortic root aneurysms and arch aneurysms. Therefore, ATAA repair is
often performed in conjunction with additional procedures [43].

For aneurysms involving root aneurysms, surgery can be achieved by aortic root
and/or ascending tract replacement and aortic valve replacement or reimplantation
or composite aortic valve, root, and ascending aorta replacement with coronary
artery reimplantation (Bentall procedure).

Recently, endovascular techniques have been introduced in the ascending aorta.
The Zenith Ascend TAA Endovascular Graft (Cook Medical, Bloomington, IN) is
a device dedicated to the ascending aorta that has been used for type A and ATAA
dissection. However, its use remains experimental and is not approved by the Food
and Drug Administration for commercial use in the United States [44].

Before the 1990s, open surgery was the only treatment option for abdominal
aortic aneurysms and, while continuing to provide more remarkable survival
than observation, was characterized by high morbidity and postoperative
mortality [45].

However, the paradigm of intervention on AAA changed forever after the intro-
duction of endovascular repair of AAA (EVAR), first described by Parodi et al. [46].

Since then, the use of endovascular techniques in treating aortic aneurysms
has expanded considerably, and EVAR is now the primary treatment for AAA.
Before the endovascular era, surgical mortality after AAA repair was ~5%. After
EVAR adoption, overall operating mortality from AAA repair dropped to 2.4%
in 2008 [47].

The rapid adoption of EVAR has provided a AAA treatment option for many
patients who are not candidates for open surgery. Instead, they remain patients
with anatomical constraints that preclude the Use of EVAR. Young and other-
wise, healthy patients may benefit from open surgery due to its longer duration.
Also, patients with anatomical features that make it more likely to require revi-
sion, such as a highly angled neck, may benefit from an open approach. Finally,
patients with connective tissue disorders should be treated with an open approach
if possible, since long-term endovascular complications are inevitable in this
population secondary to their disease progression. In addition to patients with
substantial medical comorbidity, EVAR is preferred in patients for whom an open
intervention would pose additional technical challenges, such as patients with a
hostile abdomen. For patients who are eligible for both EVAR and Open, a shared
decision-making process based on an in-depth discussion of each approach’s risks
and benefits is essential.

EVAR excludes an aneurysm from the bloodstream through the placement of a
bifurcated stent, most introduced through the femoral arteries. The bag’s exclusion
depends on adequate proximal and distal sealing between the graft tissue and the
vessel wall. For AAA under renal, the abdominal endovascular aortic aneurysm
operation is performed with proximal fixation in the neck under renal and distal
fixation in the common iliac arteries. The graft choice depends on anatomical
criteria, the availability of the device, and the experience/preference of the surgeon.
While each graft has been evaluated through prospective trials, the direct compari-
son between graft types is limited. In addition to neck length, angle, and diameter,
other features that affect proximal hold are calcification of the neck, reverse taper-
ing, and mural thrombus.

Some devices use suprarenal fixation to improve proximal tightness, where an
uncovered stent extends over the renal arteries. Observational studies have shown
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that suprarenal fixation is associated with a slightly higher risk of postoperative
renal complications [48, 49]. When selecting a device that uses fixation above the
renal arteries, this difference should be weighed against the potential improvement
in proximal fixation.

Sub-renal devices are designed to fixate distally in the common iliac artery
(CIA). However, aneurysmal CIAs presents a technical challenge as they prevent
proper distal implantation. Surgeons have overcome this obstacle with 2 techniques:
internal iliac artery embolization (IIA) and branched iliac devices.

Open AAA repair consists of replacing the aneurysmal segment with a synthetic
graft. In most cases, a tubular graft from the renal neck to the bifurcation is enough.
However, if the bifurcation or proximal CIA is diseased, a bifurcated graft can be
used. The successful repair depends on the exposure of the abdominal aorta and
proximal and distal vascular control.

For surgery, the abdominal aorta is exposed through a transperitoneal or retro-
peritoneal approach.

A transperitoneal approach is performed with the patient in a supine position
through a midline laparotomy. It provides rapid access to the distal abdominal
aorta and bifurcation. The aneurysm’s neck is exposed by packing the intestine into
the right abdomen and dividing the Treitz ligament. A retroperitoneal approach
is performed with the patient in the right lateral decubitus position through an
incision on the left side that extends inferiorly parallel to the right abdomen. The
peritoneal and retroperitoneal contents are moved anteromedially, exposing the
entire abdominal aorta and the left iliac artery. It provides excellent visceral seg-
ment exposure; however, exposure of the right CIA bifurcation can be occasionally
difficult. The choice of exposure depends on the patient’s anatomy and the surgeon’s
preferences. Patients with hostile neck anatomy or short neck may benefit from a
retroperitoneal approach and improved visceral segment exposure. Conversely,
patients with right CIA aneurysms requiring a bifurcated graft may benefit from a
transperitoneal approach.

With the aorta exposed, vascular control is achieved. During AAA repair, an
aortic, renal cross-clamping position should be used whenever possible. Suprarenal
clamping is associated with higher rates of acute renal injury (AKI) and higher
overall complication rates [50].

Hostile neck anatomy may require an adrenal clamp position. In such cases, an
attempt should be made to minimize renal ischemia time, and the clamp should
be moved distally once the proximal anastomosis is completed. Distal control is
achieved with bilateral CIA clamping or balloon occlusion if adequate distal control
cannot be achieved through a cross-clamp.

Once access is obtained, the bag is opened, the thrombus is removed, and the
aneurysmal segment is replaced with a synthetic graft [51].

7. Complications

Any manipulation of the aortic arch carries the risk of carotid artery emboliza-
tion and subsequent stroke. This risk is magnified in patients with a very proximal
implant area, mural thrombus in the arch, or history of previous stroke [52].

Stroke of the posterior circulation can also occur due to coverage of the left sub-
clavian artery or embolization through the subclavian. Before TEVAR performing a
carotid-subclavian by-pass can reduce this risk and benefit from improving the risk
of paraplegia [53-55].

Paralysis due to spinal cord ischemia is a very feared risk in TEVAR. Risk factors
include extensive coverage of the thoracic aorta, preventive AAA repair, and the left
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subclavian artery coverage. Visceral ischemia can occur with intentional or uninten-
tional coverage of the origin of the celiac artery. An intact pancreatic-duodenal arch
may reduce this risk [56].

The large device diameter required for the TEVAR requires a relatively large
sheath of 20 to 26F. It is essential to evaluate patient access through femoral and
iliac vessels to preoperative CT to minimize access problems. Calcified, small,
tortuous vessels are the most at risk. When an iliac rupture occurs, balloon occlu-
sion can be used for temporary vascular control until the artery can be repaired.
Reports suggest that 9.4 to 23.8% of patients require non-standard techniques for
safe access [57-59].

Fever and leukocytosis may occur in the immediate postoperative period due
to activation of the endothelium reacting to stent placement, to be considered in
patients with elevated inflammatory markers and pleural effusions with an other-
wise harmful infectious analysis [60-64].

Post-implantation graft migration occurs with an incidence from 1 to 2.8%
[65]. Indeed, aortic tortuosity and graft oversizing are associated with migration
risk [66].

Patients with traumatic aortic rupture may be particularly at risk of graft
failure, possibly due to morphological differences in the unhealthy aorta [67].
Endoleak is relatively rare after TEVAR, with rates reported in the literature
ranging from 3.9 to 15% [68].

The risk of death is about 4% in patients with uncomplicated aortic aneurysms.
The most common etiology of death is myocardial infarction. For patients with a
ruptured aortic aneurysm, mortality can reach 80%. The abdominal wall’s retro-
peritoneal incision is associated with a weakening of the lateral abdominal wall
muscles, resulting in swelling of up to 15% of patients. Trans peritoneal incision is
associated with a 12-20% risk of ventral hernia formation [69, 70].

The para-anastomotic aneurysm risk is about 0.8% at 5 years, 6.2% at 10 years,
and is close to 20-40% at 15 years after open surgery. Several factors influence the
risk of postoperative renal failure. These include a longer renal ischemia time, the
division of the left renal vein, the bilateral suprarenal aortic clamp position, and
the use of additional renal artery procedures. In a juxta-renal aneurysm repair
study, postoperative transient renal dysfunction occurred in 37% of patients, with
the majority resolving by the end of hospital stay [71].

Colon ischemia can vary significantly in severity. It can be isolated to the mucosa
of the colon, or it can be transmural. The incidence of colon ischemia is 1-3% after
elective repair and up to 10% after the broken AAA emergency repair. A routine
postoperative colonoscopy has been performed in centers where the incidence is
even higher: 5-9% after elective repair and 15-60% after rupture. The etiology of
colon ischemia may include non-obstructive ischemia due to shock or vasopressin
medication, occlusion of the lower mesenteric artery and/or internal iliac arteries
and/or atheroembolization. Risk factors associated with colon ischemia develop-
ment have included the type of repair, rupture, duration of surgery, kidney disease,
lung dysfunction, blood loss, femoral anastomosis, and loss of the hypogastric
artery [72].

Sexual dysfunction is common in patients with peripheral arterial disease.

As shown in the DREAM study, preoperative sexual dysfunction in the group of
patients undergoing open surgery and, in the group, undergoing EVAR was 66%
and 74%, respectively. The data analyzed after surgery show a greater level of
sexual dysfunction in the open group and returned to normal after 1.5 months in
the EVAR group and 3 months in the open group [73].

Postoperative sexual dysfunctions’ incidence in the two treatments was
estimated later, indicating 7.4% in open surgery and 4.7% in EVAR treatment,
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equalizing sexual function at 1-year follow-up in the two groups according to the
ACE analysis [74].

Graft infection complicates about 0.3% of all aortic operations. In endovascular
and open aortic aneurysm operations, infection rates are low. Staphylococcus spp. is
responsible for most infections followed by gram-negative bacteria. Infection tends
to appear on average 3 years after surgery. Treatment includes removal of the graft
and infected or necrotic tissue by extra-anatomic bypass or in situ repair [69, 75].

Advantages of extra-anatomic bypass include placement of a prosthetic graft
through a noninfected field, excision in one or two settings, and easily accessible
axillary and femoral arteries for relatively rapid surgery, but the risk of aortic
stump rupture with fatal consequences is 33%. Extra-anatomic graft infection can
be observed in up to 20% of patients and graft occlusion with limb loss in 27% of
cases [76].

The extra-anatomic by-pass is not a viable option when the infrarenal aorta is
insufficient to create an aortic stump. In this situation, an in-situ by-pass should be
considered with the use of an antibiotic-impregnated graft, an aorta taken from a
corpse, or an autologous venous by-pass. Normally rifampicin is used to impregnate
the Dacron graft for antistaphylococcal and partially anti gram-negative action.
Advantages of using Dacron include easy availability of materials and the absence of
an aortic section. The procedure with neoaortoiliac system uses homologous grafts
of femoropopliteal vein, which do not need anticoagulation therapy, to replace the
injured wall and through the in-situ approach it is possible to avoid sectioning the
aorta. Problems with this procedure include the need for a preintervention to obtain
the vessel and the possibility that it may not meet the predetermined length [77].

An aortoenteric fistula (AEF) is a connection between the third or fourth por-
tion of the duodenum and the aorta. Most aortoenteric fistulas occur after aortic
surgery, making primary aortic fistulas an infrequent condition. The incidence
of AEF has been reported up to 4% of aortic repairs. AEF causes aortic and graft
infection and can cause bleeding. Symptomatology includes abdominal pain, fever,
melena or hematemesis, and weight loss. Treatment includes control of excessive
blood loss, peripheral organ perfusion and treatment of the infection.

The treatment option in open surgery involved the use of a bypass to allow
resection of the infected tract and repair of the gastrointestinal tract injury. EVAR
has also been studied in the setting of aortoenteric fistulas. In a revision of EVAR
for AEF, persistent/recurrent infection or recurrent bleeding may occur in 44%
of patients following the procedure and with a mortality rate of 29% due to septic
complications in most cases [78].

Limb ischemia is a complication that can occur in up to 25% of cases of open
surgery. It tends to occur more for grafts reaching the femoral arteries and in the
female population [79].

The types of treatment are based on removal of the thrombus by endovascular
secondary intervention or open. The most frequent complication in EVAR treat-
ment involves endoleaks, which occur in up to 25% of cases in the postoperative
period. There are different presentations of endoleaks. Type I represents incomplete
adhesion between the aortic wall and the endovascular device, in turn dividing into
two subtypes: Ia for the proximal complication and Ib for the distal one. When pres-
ent, it must be treated as it is associated with a high risk of rupture due to increased
pressure within the pouch [80, 81].

It can be treated with an open approach if resolution by endovascular surgery
is not possible. The most common type of endoleak is type II, found in 10-20% of
patients. The primary cause is a reversal of flow in the inferior mesenteric artery
(IMA) or lumbar artery that carries blood within the aneurysmal sac. It undergoes
spontaneous reslution in 50-60% of cases within 30 days [82].
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Type II endoleaks were not associated with an increased risk of sac rupture, so
they should not be treated. However, surgical treatment will be necessary in type I
endoleaks if they are associated with increased pressure in the aneurysmal sac or if
they do not spontaneously recede. They can be treated by retrograde trans arterial
catheterization, direct puncture of the sac, or by laparoscopy.

Patients with type II endoleak had more significant complications (death,
rupture, reintervention, or conversion to open surgery) and increased aneurysm
sac enlargement. Type II endoleak was determined as a risk factor for the growth of
the aneurysm diameter greater than 5 mm, especially if type II endoleak persisted
for more than 6 months and was recurrent or associated with a type I and/or III
endoleak [83].

A type III endoleak arises from a poor seal between the components or from a
separation of the frank components. It is associated with the sacralization of the
aneurysm and increased risk of rupture.

It must be treated when found. It can be treated either with a stent replace-
ment for low leakage or with aortoiliac devices and a femoral-femoral by-pass for
component separation.

A type IV endoleak refers to diffuse contrast redness seen occasionally immedi-
ately after implantation. It reflects the porosity of the graft material and is usually
self-limiting and does not require treatment. Endoleak, also called type V endoleak,
occurs when an aneurysm sac continues to be pressurized, and there is no exact
source of endoleak. Management options include endograft realignment, open
conversion with explantation and lumbar/IMA supervision if the culprit is found,
or explantation with open surgery.

Aneurysm rupture after EVAR continues to be a significant driver of frequent
postoperative follow-up in EVAR patients. The ACE study found a 2% incidence of
aneurysm rupture after EVAR. Risk factors for aneurysm rupture included type Ia
and III endoleak, graft migration, and graft bending [84].

Intermittent claudication after EVAR is usually related to the coverage of the
hypogastric arteries by the stent. The ACE study found a 14% incidence of claudica-
tion after EVARs. In most patients, it usually resolves over time; however, in about
15% of patients, this complication persists [74, 85].
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Abstract

The aorta is the largest artery in the body and can have aneurysms, which are
focal expansions of the vessel wall that can occur anywhere throughout the artery.
These can be classified as thoracic, abdominal or thoracoabdominal aneurysms and
can be caused by several etiologies, including degenerative, infectious, and genetic
causes. Most aortic aneurysms are asymptomatic and are detected incidentally while
looking for other primary diseases with a physical exam finding of a pulsatile mass,
or with imaging such as ultrasound, computed tomography, x-rays, or magnetic
resonance imaging. When symptoms are present, they are often nonspecific and
occur due to inflammation, rapid expansion, compression/erosion of the aneurysm
into surrounding structures, or rupture. Uncontrolled aortic aneurysms can lead to
fatal outcomes, thus making proper management essential. Management can range
from medical treatment to surgical repair based on location, size, rate of expansion,
and presence of symptoms.

Keywords: Aortic aneurysm, thoracic aneurysm, abdominal aneurysm, diagnosis,
treatment, risk factors, hypertension

1. Introduction

Aortic aneurysm is a heart disease that consists of the formation of a bulge in
the largest artery in the human body: the aorta. For a better definition, the dilation
must be permanent, localized and exceed at least 50% the normal diameter of the
aorta. A dilation greater than 50% and that occurs in a diffuse way, that is, involv-
ing several arterial segments, differs as arteriomegaly. Likewise, ectasia is different
from aneurysm when compared, since the dilation regarding ectasia shows less than
50% increase when compared to the original diameter of the artery [1].

AAAs tend to dilate progressively over time, while TAAs have a slower expan-
sion when compared to AAAs [2, 3]. The expansion of AAAs can vary greatly
from one to another, however, the larger the aneurysm, it tends to expand at a
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Figure 1.

Different sites of Aortic Aneurysms including Thoracic and Abdominal. (From Centers for Disease Control and
Prevention (CDC).

higher rate than smaller aneurysms. In view of the lower growth rate, TAAs tend
to be asymptomatic. When TAAs are symptomatic, they are associated with rapid
growth, large size and high risk of rupture, which also leads to a higher risk of
mortality (Figure 1) [4, 5].

1.1 Epidemiology

The epidemiology of aortic aneurysm has several important nuances when
it comes to its division for obtaining data. The different types are divided into 8
categories by the Centers of Disease Control and Prevention in the United States
of America (CDC), taking into account the location of the aneurysm (thoracic,
abdominal, abdominal thoracic or unspecified site) and the presence of aneurysm
rupture (ruptured or without mention of rupture).

Table 1 shows that the most lethal type of aortic aneurysm are abdominal aortic
aneurysms, followed by aneurysms with an unspecified site, thoracic aneurysms
and, finally, thoracoabdominal aneurysms. Also, through the data in the table, we
can see that ruptured aneurysms have higher death numbers when compared to the
absence of rupture.

171.1 (Thoracic aortic aneurysm, ruptured) 15,254
171.2 (Thoracic aortic aneurysm, without mention of rupture) 12,403
171.3 (Abdominal aortic aneurysm, ruptured) 74,390
171.4 (Abdominal aortic aneurysm, without mention of rupture) 36,233
171.5 (Thoracoabdominal aortic aneurysm, ruptured) 1,784
171.6 (Thoracoabdominal aortic aneurysm, without mention of rupture) 2,937
171.3 (Aortic aneurysm of unspecified site, ruptured) 23,809
171.9 (Aortic aneurysm of unspecified site, without mention of rupture) 13,654
Table 1.

Underlying Cause of Death, 1999—2019 (partial). Centers for Disease Control and Prevention (CDC) [6].
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Analysing the epidemiology of AAAs separately, it is possible to extract several
pertinent information, such as the predominance of males in the involvement of
AAA as aresult of screenings studies [7-10]. Abdominal aortic aneurysms have an
annual incidence of 0.4% to 0.67% in western populations [11-14].

Deaths due to complications from TAAs, such as rupture and dissection, are
usually attributed to other related causes such as acute myocardial infarction for
those who are not conducted by post-mortem examinations. This situation is a
consequence of TAA being a clinically silent disease [15]. The annual incidence of
thoracic aortic aneurysm was estimated in two studies between 5.6 to 10.4 cases for
100,000 patient-years [16, 17].

1.2 Risk factors

There are different risk factors for the two main types of aneurysms. For AAAs,
the main factors are atherosclerotic risk factors, advanced age, male sex, Caucasian
race, family history, tobacco use, presence of other large vessel aneurysms, food and
alcohol consumption. These factors have an influence on both the development of
AAA and its expansion and rupture. Another important observation is that tobacco
abuse seems to be the most relevant factor to its development. There are some fac-
tors that contribute to the reduction of the development of AAA, such as diabetes
mellitus and moderate alcohol consumption [18].

For TAAs, there are some studies that show that the factors that predicted TAAs
also were the same that predicted aortic atherosclerosis. These factors would be high
blood pressure, high serum cholesterol and cigarette smoking [19].

1.3 Different types/causes

There are different types of arterial aneurysms. They are divided based on fac-
tors such as location, origin, histological aspects and clinicopathological manifesta-
tions [1]. The main study object in this chapter will be aortic aneurysms.

The main division that is used for aortic aneurysm is based on its location. Thus,
its division is separated into abdominal, thoracic and thoracoabdominal aortic
aneurysms. The first two are the most frequent ones [6].

The field of genetics and how it affects the development of this disease has
brought new knowledge about its causes. TAAs may be associated with several syn-
dromes, while AAAs are not [20]. The genetic predisposition of TAA development
is well documented. Some of the main genetic influences are Marfan syndrome,
Ehlers-Danlos syndrome, syndromic connective tissue disorders, Loeys-Dietz
syndrome, as well as other syndromes and nonsyndromic disorders. These are being
studied for better knowledge of TAA causes [21].

Apart from genetics, there are some causes that improve the chances of the
development of thoracic aortic aneurysms. Some causes worth mentioning are
syphilis, aortic arteritis, bicuspid aortic valve, aortic dissection, and trauma [22].

1.4 Pathogenesis

The origins of both of the main types of aortic aneurysm seem to be
related to the origins of atherosclerosis in some cases, depending on the area
affected [3, 23].

The main alteration TAAs have in the vascular walls are usually cystic medial
degeneration. Histologically, there is the loss of smooth muscle cells and elastic fibre
degeneration. These processes lead to arterial weakening and, as a result of it, the
aortic dilatation occurs resulting in aneurysm formation [22].
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In AAA, the extracellular matrix of the aorta is affected by the degradation of
elastin and collagen, which are essential for wall integrity. This process weakens the
aortic wall and contributes to the formation of the aneurysm [22].

2. Clinical findings
2.1 Thoracic aortic aneurysm (TAA)
2.1.1 Asymptomatic TAA

Aortic aneurysms are often clinically silent if there are no associated complica-
tions such as dissection, compression, or rupture. When complications are present,
symptoms can mimic other diagnoses. Therefore, it is necessary to suspect a compli-
cated aortic aneurysm in all patients with chest pain [24].

When a thoracic aortic aneurysm is asymptomatic, the diagnosis is usually made
incidentally by imaging while searching for another medical condition, such as
echocardiography (in aortic murmur), computed tomography (pulmonary nodule
or pulmonary embolism), or in screening for the disease in question, in patients
who are at high risk for the disease [25].

Regarding biomolecular markers, no specific one has yet been found that identi-
fies the presence of thoracic aortic aneurysm [26-28]. Although some studies have
correlated increased levels of D-dimer with the presence of thoracic aneurysm- due
to the deposition of a thrombus in the dilatation, newer literature has shown that
this product is nonspecific, and can rise in a series of thrombotic events, not only in
thoracic aneurysms [29-31]. D-dimer has been used mainly in patients who show
symptoms based on its negative predictive value. Moreover, matrix metalloprotein-
ases, cytokines, acute phase reagents, lipoproteins, homocysteine and transforming
growth factor beta were also studied, but none of them proved to be a useful predic-
tor in the diagnosis of thoracic aneurysms [28].

Some of the clinical findings related to aortic aneurysm are intracranial
aneurysm, inguinal hernia, abnormalities of the branched aortic arch, simple
renal cyst and positive family history of aneurysm or aortic dissection. In this
sense, patients with these conditions are considered patients with thoracic aortic
disease [2].

2.1.2 Symptomatic TAA

The symptoms of thoracic aortic aneurysms are closely linked to rapid expan-
sion, which predisposes dissection or rupture of the aorta. In order to reduce the
chance of rupture, if it has not already happened, surgical management is indicated,
even if the dimensions of the aneurysm are not extensive.

The most common symptom related to dissection/rupture of a thoracic aneu-
rysm is sudden onset of chest, back and/or severe abdominal pain.

Especially in young patients, it is important that the doctor makes a detailed
anamnesis, seeking to correlate the patient’s clinical history with Marfan’s syn-
drome, Loeys-Dietz syndrome, Ehlers-Danlos vascular syndrome [15], Turner
syndrome, bicuspid aortic valve or other connective tissue disorders associated with
thoracic aortic disease. As soon as the TAA expands and compresses the adjacent
structures, the pain begins, which may be at the site of the rupture, or in adjacent
regions, presenting with irradiated pain.

Depending on the location of the aneurysm, some specific symptoms can
be found:
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* Heart failure due to aortic regurgitation resulting from dilation of the aortic
sinus and annular distortion, in the case of aneurysm in the aortic arch;

* Ischemia or myocardial infarction; due to compression of a coronary artery.

* Continuous murmur that can progress to heart failure, if the aneurysm is
located in the sinus of Valsalva and there is a rupture on the right side of
the heart;

* Dysphagia by esophageal compression (hoarseness of the left recurrent
laryngeal nerve or compression of the left vagus nerve or hemidiaphragmatic
paralysis by compression of the phrenic nerve), in the case of large aneurysms
that affect the transverse and descending arch, [22];

* Symptoms such as wheezing, coughing, hemoptysis, dyspnea or pneumonitis,
if the aneurysm compresses the tracheobronchial tree;

* Thromboembolism or superior vena cava syndrome (swelling of the neck, face or
upper extremities), if the aneurysm causes occlusion of the superior vena cava;

* Acute neurological complaints if there is aneurysmal compression of the
branches of the vessels of the aortic arch or arterial thromboembolism.

In order to cause symptoms, descending aortic aneurysms need to be much
larger than ascending aortic aneurysms. Back pain may occur due to erosion of the
aneurysm into the spine, or to visceral or extremity ischemia.

Rupture is the most serious complication, often in the left thorax or pericar-
dium, with severe chest pain and hypotension or shock. If the rupture is in the
descending aorta, aortoesophageal fistula and hematemesis may be present.

The association between systemic manifestations (fever, weight loss), increased
leukocyte count, and increased D-dimer may indicate a major thoracoabdominal
aneurysm [32, 33]. Another two important signs in clinical reasoning are the pres-
ence of anaemia, which reveals acute blood loss as the cause of the shock, and high
levels of lactic acid due to ischemia.

Patients with thoracic aortic aneurysms that present with symptoms of chest
pain are usually submitted to electrocardiography (ECG), which may be compatible
with myocardial infarction, signs of myocardial hypertrophy due to long-standing
hypertension or valve disease.

The main physical characteristics related to thoracic aortic aneurysms are:
Marfan syndrome, Loeys-Dietz syndrome and familial TAA which is associated
with livedo reticularis, iris flocculi, congenital mydriasis (ACTA2 mutation) and
peripheral vascular malformation [15, 33, 34].

2.2 Abdominal aortic aneurysm (AAA)
2.2.1 Asymptomatic AAA

Most individuals with AAAs have no symptoms, but when they do, pain is the
most common, and may or may not be associated with AAA rupture. Like TAA,
asymptomatic AAA is discovered incidentally, on imaging studies that were aimed
at investigating another cause, or in routine physical examination (especially in
patients who complain of coronary, peripheral or cerebrovascular diseases, or during
population screening) [35].
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About 30 percent of asymptomatic abdominal aortic aneurysms can be sus-
pected by the presence of a pulsatile abdominal mass, which can be palpated on
routine physical examination [36]. In addition, asymptomatic AAA is also com-
monly detected as an incidental finding in imaging studies, and in most cases (2/3)
it is not communicated to the patient’s family [37].

Another manifestation that should lead to suspicion of AAA is arterial disease
due to the presence of another peripheral aneurysm (iliac, femoral, popliteal).

The pulsatile abdominal mass that leads to AAA grows over time, and these
dilations are typically asymptomatic, until the catastrophic rupture event [38],
where abdominal pain, and even lower limb ischemia due to interrupted blood flow
will be felt [39].

2.2.2 Symptomatic AAA

Non-ruptured aneurysms can exceptionally be diagnosed after complications,
such as distal embolization and, even more rarely, acute thrombosis. Minor and
less specific symptoms include chronic vague abdominal and back pain, which
can result from direct pressure or distention of adjacent structures. The recent
onset of severe low back pain was considered an indication of impending rupture.
Ureterohydronephrosis can also occur, especially if the aneurysm is inflammatory
or involves iliac bifurcation [38].

The set of symptoms that lead to the suspected diagnosis of a ruptured abdomi-
nal aortic aneurysm: sudden onset pain in the abdominal region or flank (which
can radiate to the scrotum), shock and the presence of a pulsatile abdominal mass.
Regarding shock, its degree will vary according to the location of the rupture, the
size, and the time between the event and the diagnosis.

It is known that most patients affected with AAA are asymptomatic, however,
when present, in 50% of symptomatic cases, the classic triad of severe severe
pain, pulsatile abdominal mass, and hypotension is present [40]. Limb ischemia
or systemic manifestations are also common in infected or inflamed aneurysms
[41-43].

The pain varies according to the diameter and position of the aneurysm,
whether intact or ruptured, and if ruptured, it may be contained or free. Despite
being typically located in the abdomen, the pain can radiate to the groin or
thigh [44].

Thrombus embolism or atherosclerotic debris from a ruptured aneurysm can
lead to limb ischemia [45, 46], which in addition to the clinical manifestations of
interrupted blood flow, can also cause pain. Such clinical manifestations will be
apparent if vessels are more affected and arterial occlusion is not well compensated,
and may present as sore and blue fingers (blue toe syndrome) or with a cold, pulse-
less and sore extremity.

Other possible manifestations of AAA are systemic symptoms that reflect the
presence of an infected or inflammatory aneurysm or disseminated intravascular
coagulation. The main symptoms to be mentioned are fever and malaise. In the case
of inflammatory aneurysm, chronic abdominal pain, weight loss and changes in
serum markers are suggestive symptoms [47-50].

With abdominal palpation, in some cases it is possible to feel a pulsating abdom-
inal mass and in patients with AAA rupture, some degree of abdominal distension
and tenderness will be present [40].

In the case of ruptured AAA, it is possible to find ecchymosis in the patient
(Gray-Turner’s sign, Cullen’s sign, Fox’s sign and Bryant’s sign) [51]. Moreover,
evidence of distal embolization or ischemia on vascular physical examination
supports the diagnosis of AAA [52].
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3. Diagnosis

Most people with aortic aneurysms are asymptomatic, leading to slow, unnoticed
growth of the disease. In this sense, most diagnoses are made by routine exams. These
tests are effective in reducing mortality, especially in high-risk populations. Therefore,
imaging methods are used, with ultrasound being preferred, as it is not invasive,
cheap and generates compelling information, such as the diameter of the vessels [53].

A diagnosis of aortic aneurysm requires an image of this artery to be confirmed.
Thus, it is important for imaging tests, both initially and for probable complica-
tions, to be taken priority over tests such as ECG, for example [15]. Routine exams,
such as chest x-rays on the other hand, often detect aneurysms in asymptomatic
patients. Although ultrasound is a priority when a hypothesis of aortic aneurysm is
raised, echocardiography, magnetic resonance imaging (MRI) or computed tomog-
raphy (CT) are great tools for diagnosis, even when done for a condition unrelated
to the aneurysm [54].

Expansion of the aneurysm can cause chest and lower back pain, as well as
coughing, hoarseness or even difficulty breathing. Abdominal aortic aneurysms, for
example, can be checked by physical examination of the abdomen, but the factors
for the development of symptoms are not yet well defined, and factors such as
obesity complicate this type of examination.

3.1 Screening

Thoracic aortic aneurysms (TAA) are among the top 15 causes of death in the
United States. In addition, approximately 1in 1000 Americans develop TAA per
year, 95% of whom are asymptomatic. Data such as these demonstrate the impor-
tance of screening for the disease.

It is known that diseases as well as unhealthy behaviors (hypertension or smok-
ing) can damage the heart and blood vessels. In addition, hereditary diseases such as
Ehlers-Danlos syndrome and Marfan syndrome can increase the risk of aneurysm.
Although the prevalence of abdominal aortic aneurysm (AAA) is high, AAA find-
ings in screening are generally small in size [55]. These findings point to the impor-
tance of epidemiological studies and the impact they can have on the outcome of
the diagnosis. In this sense, the incidence of AAA, for example, increases sharply in
individuals over 60 years of age, as well as a reduction in smoking that can decrease
the frequency of this injury [56].

In this sense, it is appropriate to survey the history of habits and diseases, not
only for the individual patient, but also for aortic aneurysms in the entire popula-
tion in question. Factors such as Caucasian race, smoking, men of advanced age
and family history are important data to be analyzed for a blunt screening of great
importance [3]. Screening, therefore, can change the outcome of the disease,
since with clinical and epidemiological criteria, disease morbidity and mortality
can be reduced.

The US Preventive Services Task Force conducted a review of the evidence on
the effectiveness of single and repeated screening for AAA, as well as its harm
and benefits. Ultrasonography, for example, was given as the primary method in
primary care for the detection of AAA, due to its sensitivity (from 94-100%) and
its specificity (from 98-100%), in addition to not being invasive and of easy execu-
tion [57]. In screening, there are some damages that can be observed. Although
some data show that women who smoke or have a family history are at higher risk
of AAA compared to women in the opposite group, there is insufficient evidence
that screening has great benefit [57]; this is an example that even if it looks like
a good strategy, it can still generate major complications: the concern about the
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existence of overdiagnosis and excessive treatment is something of great impact.
Overdiagnosis is a major problem in the screening and outcome of the disease-cure
relationship of aortic aneurysms, including public health, as it can wrongly consider
patients as mild to severe patients, which generates unnecessary or even harmful
treatments [58]. In the U.S. Preventive Services Task Force study, it was reported
that after the introduction of PSA exam, there was a considerable increase in new
cases of prostate cancer. The expected drop in mortality did not occur, and this was
justified by the numbers of overdiagnosis, which reached almost 50% of patients
diagnosed in the study in that period [59]. For all these reasons, screening is under-
stood as a tool of extreme need, but with the possibility of error and damage in the
epidemiological study.

3.2 How to determine the etiology eg infectious vs. degenerative

Whether due to trauma or a pre-existing disease, aortic aneurysms occur
due to the weakening of the vessel walls. In this sense, the failure is due to the
biomechanics of the aortic wall [60]. Aortic aneurysms have as main factors for
development of atherosclerosis, old age and male gender, as well as smoking and
family history [61]. For hypertension, there was a 60% finding for patients with
TAA [16]; besides that the existence of other aneurysms was also an important
factor [62].

One can also mention the characteristics that inflammatory reactions in the ves-
sels can bring. Especially, when considering aortitis, some inflammatory disorders
can cause TAA, for example [63]. According to a prospective study by Pacini et al.,
among 788 patients referred for surgery for TAA, approximately 40% were due to
aortitis, proven histologically. In this sense, these factors demonstrate an important
causal relationship for the disease.

4. Treatment/management
4.1 Medical management

To this day, for a smaller aneurysm without indication for elective repair, there
is no specific medication or other pharmaceutical therapy that is proven to reduce
the rate of aneurysm growth or its risk of rupture. Even though Beta-blockers have
been advocated to decrease aneurysm deterioration in the past, their effectiveness
wasn't proven. Interestingly Doxycycline, an antibiotic with metalloproteinase
inhibition action demonstrated decreased expansion rates in animals and humans.
However, to this day it is not recommended for this purpose. Nevertheless, address-
ing future cardiovascular events in patients with aortic aneurysm is recommended.
Hence, smoking cessation, blood pressure management, statins, beta-blockers and
Angiotensin II receptor blockers are recommended. Alongside, serial noninvasive
surveillance of aortic development [64, 65].

4.2 Surgical techniques

Surgical repair is the definitive treatment for aneurysms. It can be classified
according to the approach: endovascular or open aortic, or according to the aortic
segments: thoracic aorta, abdominal aorta, and aortic arch.

Open aortic repair is aimed to replace the dilated aortic segment with synthetic
graft tube. This procedure is done under full anesthesia and it is classified as a
high risk procedure. On the other hand endovascular repair aims to exclude the
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dilated segment from the systemic circulation, by insertion of an endograft. This
procedure can be done under local anesthesia and it carries relatively reduced risk
in comparison to open repair.

During open surgical repair the aneurysmal sac is replaced with a polyethylene
terephthalate graft. The procedure is carried out in a sterile environment under
general anesthesia. First, abdominal or thoracic aorta is exposed, then a proximal
clamp is placed: below the renal arteries in AAA or distal to the aortic arch in
descending TAA, following a distal clamp. Later, the aneurysmal segment is dis-
sected and replaced with a tube graft. Then depending on the aneurysm location
visceral arteries are integrated to the tube graft. Finally, abdominal wall or thoracic
closure is performed.

In contrast, in endovascular repair first, bilateral or unilateral access via the
patient’s common femoral artery is established, by a surgical incision or percutane-
ously. Then, vascular sheaths, through which guidewires, catheters, and the endo-
graft are introduced into the femoral arteries. Then, retrogradely, the “main body”
of the endograft is placed over the aneurysmal sac. Finally, the graft is dilated into
place with a balloon, and wires, sheaths, and delivery systems are withdrawn. All
along the procedure angiograms are used to evaluate graft location, landing zone
and patency of visceral/renal arteries.

Alternatively, For aortic segments that involve vital arterial branches (e.g. renal
arteries, celiac trunk, carotid artery and subclavian artery) a hybrid technique
could be employed. During a hybrid repair, these vital branches are first passed sur-
gically to a proximal or distal healthy aortic or iliac segment, and then an endograft

is deployed [66, 67].

4.3 Indication for repair

Elective aortic aneurysm repair is indicated under any one of the following
conditions [68, 69]:

* Rupture or dissection
* Acute dissection resulting in malperfusion or other life-altering complications
* Symptomatic states

o Pain consistent with rupture and unexplained by other causes

o Compression of adjacent organs

o Documented enlargement >1 cm/year for AAA and descending TAA.
Or > 0.5 cm/year for aortic arch aneurysm.

o Diameter is greater than 5.5 cm for men, > 5 cm for women. Descending TAA
with a diameter of >6 cm for men, >5.5 cm for women. While for Ascending
TAA, surgical treatment is recommended for lower aortic diameter (5 cm for
males).

Importantly, elective surgery, regardless of the modality and aneurysm location
over the aorta carries lower mortality and morbidity in comparison to emergent
surgery. Emergent surgery is done in life-threatening cases, such as aortic rupture
or dissection, and should be avoided by encouraging patients to undergo elective
aortic repair [70, 71].
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4.4 Complications

Although different approaches of aortic aneurysm repair carry different risks, com-
mon complications are hemorrhage, myocardial infarction, renal failure, ileus, incisional
hernia, ischemic colitis, embolization, and aneurysm rupture [65, 72]. Nevertheless, it
appears that the endovascular repair method carries a lower short-term mortality rate
than open repair [72, 73]. However, the biggest disadvantage of endovascular repair is
the high risk of complications post-procedure that may need reintervention [74].

An endoleak is a complication that might appear in endovascular aortic repair,
in which the graft fails to channel blood back to the systemic circulation. Endoleaks
can subdivide into [67, 75]:

* TypeIendoleak: an improper sealing between the proximal graft and aorta at
the proximal or distal fixation zone.

* Type Il endoleak: blood flow from collateral arteries flow to the aneurysmal sac.

Type III endoleak: separation of stent-graft modular components leading to
blood flow to the aneurysm sac.

* Type IV endoleak: blood flow through the pores of the stent-graft.
* Type V endoleak: blood flow into the aneurysmal sac from an unknown source.

Endovascular repair might also lead to access site complications such, perfora-
tion, hematoma, and fistula from vascular damage [72, 76].

Technical complications from the graft itself may also occur, with problems rang-
ing from graft migration or kinking in the vessel, to graft infection. The incidence of
endograft infection is less than 1 percent, with a mortality rate up to 50 percent [77].

Some studies have shown that ischemic complications are more common in endo-
vascular compared to open repair of aortic aneurysms [78]. Causes of ischemia include
occlusion due to endograft positioning, arterial thrombosis, embolism, or arterial
dissection and can affect the distal limbs and body organs (intestines, kidneys, etc.).

Spinal ischemia is a rare complication in AAA endovascular repair, and is found
in 0.21 percent of patients, but has an incidence of up to 12 percent in TAA repair
[79]. This complication can manifest with findings such as paraplegia, pain or
paralysis, typically developing within 12 hours after repair [80].

Although this complication is commonly seen in TAA, its mechanism continues
to be ill-defined. In one study, perioperative hypotension (MAP <70 mmHg) was
found to be a strong predictor of spinal cord ischemia in patients undergoing
endovascular TAA repair [81]. Other contributing factors include long procedural
duration, previous open infrarenal aortic repair, extent of aortic coverage by the
device, endovascular leakage, or thrombosis of collateral blood flow. For spinal cord
ischemia, spinal drainage is the most appropriate management, and is also used to
reduce the risk of this ischemia [82].

5. Conclusion
Aortic aneurysms have a wide range of possible presentations and etiologies.
Uncontrolled aortic aneurysms can lead to fatal outcomes. Therefore prevention,

recommended screening, early diagnosis, regular monitoring, and prompt manage-
ment are imperative to decrease mortality and complications.
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Chapter 5

Complications Associated with
Aortic Aneurysm Repair

Zachary Chadnick and Kuldeep Singh

Abstract

Aortic aneurysm repair is a common procedure and may be performed in an
open or endovascular fashion, It is important to be aware that there exist many
potential hazards associated with aortic aneurysm repair. The fact that this entity
can be treated in an open or in an endovascular fashion increases the complexity
of the problems that may arise. To begin there exists the inherent risks associated
with any surgical procedures in the high-risk patient including bleeding, infec-
tion, cardiovascular and respiratory issues that may arise. Complications can also
occur in the acute or delayed setting and can present several months or even years
after repair. Aneurysms may form in the abdominal or thoracic aorta and each
segment has its own unique set of issues that may present after repair. Experience
and knowledge of associated problems is imperative for early recognition and best
outcomes.

Keywords: aortic, aneurysm, repair, Complications, endoleak, migration, rupture,
ischemia, thoracic, abdominal

1. Introduction

Aortic aneurysm treatment can be divided into open and endovascular repair,
each with their own benefits and disadvantages [1-3]. The technique is chosen
based on the patient’s age, anatomy, and comorbidities. Numerous graft and graft
materials exist as well. Associated complications vary based on the chosen tech-
nique [3-5]. In this chapter we will discuss both acute and delayed complications of
open and endovascular repair of thoracic aortic aneurysms (TAA) and abdominal
aortic aneurysms (AAA). Factors associated with increased complications and
poor outcomes are advanced age, more severe disease, need for emergent interven-
tion with a ruptured aneurysm, and presence of associated comorbidities such as
cardiovascular disease (CVD), chronic obstructive pulmonary disease (COPD) and
diabetes mellitus (DM) [6-8].

Aneurysms of the various portions of the aorta often have their own unique
etiology and pathogenesis and therefore may require different interventions and
thus have their own unique complications. Various classification systems exist for
thoracoabdominal aneurysms but the Crawford classification is most commonly
used (Table 1) [9]. AAAs are typically classified based on the proximity or involve-
ment of the renal arteries. Anatomic knowledge and knowledge of the classification
systems is important when discussing repair or issues associated with the repair.
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Typel Distal to the left subclavian artery and extending to include the origin of the celiac axis and
possibly SMA Possible renal involvement, but does not extend below the renal arteries

Typell May or may not include part if not all of the ascending aorta Contains descending aorta distal
to the left subclavian and extends to the infrarenal aorta, possibly to the aortic bifurcation

Type Il Distal half of the descending thoracic aorta (6th intercostal space) into the aortic bifurcation
TypelV Entire abdominal aorta from the diaphragm to the aortic bifurcation
TypeV Distal half of the descending aorta (6th intercostal space) and extending to the visceral

segment but avoiding the renal arteries

Table 1.
Crawford classification of thoracoabdominal aortic aneurysms.

2. Nonspecific complications

There are several complications of aortic aneurysm repair that are non-
procedure specific. Given the common comorbidities associated vascular disease
many patients, are at risk for cardiovascular events including, stroke, myocardial
infarction (MI), and thromboembolic events [6, 7, 10, 11]. Patients with a AAA are
considered to have the equivalent of coronary artery disease (CAD) [12]. Many
risks can be mitigated in elective repair by undergoing the appropriate preoperative
risk stratification and medical optimization. Patients will benefit from evalua-
tion for concomitant CAD, carotid disease, renal function - especially if the renal
arteries are involved [13]. Perioperative morbidity is often due cardiovascular,
pulmonary, and ischemic events. CAD is the leading cause of both early and late
mortality following AAA repair. COPD and renal insufficiency are also associated
with increased perioperative morbidly and mortality [14-16].

Endovascular aneurysm repair (EVAR) is associated with overall lower compli-
cation rates compared to open surgery. Systemic and non-specific complications
include cardiopulmonary, ischemic, and renal issues related to both IV contrast and
embolic disease. In endovascular repair the risk of renal disease ranges from 3 to
12% while cardiovascular complications range from 1.8-5.3% [2, 17-19]. In several
studies there are similar risk factors for cardiovascular complications in open repair
and no significant differences were seen with respect long-term cardiovascular
mortality between EVAR and open repair [20].

The incidence of pulmonary complications ranges from 2.9-3.3% with EVAR,
and are thought to be higher with open repair. The need for postoperative mechani-
cal ventilation is as low as 3.0% [12, 17], and the procedure can be done without the
need for intubation and general anesthesia depending on anatomy. Many patients
undergoing open repair can be extubated immediately after the procedure. Rates of
pulmonary complications are associated with advanced age and pulmonary comor-
bidities at baseline [16, 21].

2.1 Prophylaxis

Patient undergoing both endovascular and open AAA repair are considered to
be at moderate to high risk for thromboembolic events therefore use of chemical or
mechanical deep vein thrombosis (DVT) prophylaxis is recommended. Incidence
of DVT occurs in 1-10% [11] and due to comorbidities, most patients undergoing
aortic surgery are at increased risk. Pharmacologic prophylaxis can be omitted in
patients who have a ruptured aneurysm as the risk of bleeding is outweighed by
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the risk of developing a DVT. Of note the use of intraoperative heparin should not
be confused with appropriate pharmacological DVT prophylaxis. This due to the
late administration as it is often only given after vessel clamping, especially in open
surgery [11, 14, 22].

Antibiotic prophylaxis is also recommended to decrease rate of graft infection
in both open and endovascular surgery. Bowel preparation is not routinely recom-
mended as its associated with poor outcomes secondary to dehydration. Due to the
potential high volume of contrast use, nephropathy can be mitigated by several
strategies such as minimizing contrast use and pre-hydration [12, 23]. Renal artery
stenting can be used especially in the setting of renal artery stenosis with preexist-
ing renal insufficiency if planning to use a device with suprarenal fixation, although
utility is not well-established routine use is surgeon and patient specific [23-25].
Ureteral stenting can be considered in patients undergoing open repair with a
suspected hostile abdomen although routine use is not recommended [23]. Lastly
hypogastric embolization may be needed to prevent a type II endoleaks or to gain
adequate seal zone. With the advent of branched devices use of hypogastric coiling
is now decreasing and limited to specific circumstances [25, 26].

2.2 Ischemia

Ischemic complications are frequent and, in some studies, occur at a higher rate
in endovascular compared to open surgery, this is thought to be driven by endograft
limb occlusion [27]. Lower extremity ischemia is the most common complication
and may be due to thrombosis, embolism, dissection or obstruction secondary
to malposition [2, 27-30]. This occurs in up to 7% of the patients and occurs
within months of repair. Occlusion typically manifests as acute limb ischemia but
may present as rest pain, intermittent claudication or decreased femoral pulses.
Treatment often requires open femoral crossover graft placement as endovascular
technique may not be effective [28, 29, 31].

Intestinal ischemia following EVAR can affect both the small and large bowel
although colonic ischemia is more common and thought to be due to endograft
coverage of the IMA. Rates are similar with respect to open repair ranging from 1
to 3%. Ischemia in the setting of the SMA is rare and thought to be secondary to
embolism due to wire manipulation in the suprarenal aorta [30]. A higher rate of
colonic ischemia is associated with ruptured aneurysm, long operative duration,
presence of a large IMA occluded during repair and preoperative hypogastric artery
embolization [30, 32].

Pelvic ischemia can often occur due to hypogastric artery embolization done
either for pre-op planning or incidentally. When patients have difficult anatomy or
iliac artery aneurysmal disease the artery is prophylactically embolized. Due to the
presence of iliac branch devices utility is now limited. However atheroembolic and
thromboembolic phenomena can still occur with attempts to preserve hypogastrics.
Symptoms include buttock claudication and erectile dysfunction in up to 40% of
patients [33].

Renal ischemia can be due to embolism, thrombosis, dissection or impingement
of the origin by the endograft. Incidence ranges from 0.7-18% [34-36]. AKI devel-
ops at an average frate of 6.7% which is significantly lower than that for open repair.
Inadvertent coverage of the renals by the graft is associated with a short neck,
salvage can be attempted by shifting the graft inferiorly, stenting the occluded
renals and via surgical bypass. It is unclear whether suprarenal fixation is associated
with deterioration in renal function [35].
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3. The abdominal aorta

The abdominal aorta is the most common site of arterial aneurysm and is
defined by an increase in 50% above the normal size. The abdominal aortaisa
retroperitoneal structure beginning at the diaphragmatic hiatus extending to the
aortic bifurcation at the level of fourth lumbar vertebrae where it branches into the
iliac vessels. It lies slightly to the left of the midline to make room for the superior
vena cava (SVC). It’s branches from cranial to caudal are: the left and right inferior
phrenic arteries, left, right and middle suprarenal arteries, the celiac axis, the supe-
rior mesenteric artery (SMA), the left and right renal arteries, possible accessory
renal arteries, the left and right gonadal arteries, and finally the inferior mesenteric
artery (IMA). The middle sacral and paired lumbar arteries are present as well.

EVAR is one of the most important advancements in vascular surgeries recent
history. Using minimally invasive endovascular procedures folded graft compo-
nents are delivered into a vessel lumen via an access vessel and a sheath. The graft
is deployed leading to expansion of the endograft, the graft makes contact with the
vessel walls sealing and excluding the aneurysm sac from blood flow and pressure.
The endovascular technique has a significant reduction in perioperative morbidity
and mortality due to avoidance of aortic exposure and cross-clamping [37, 38].
Although with endovascular repair is associated with high technical success and
lower associated complications compared to open repair, the dynamicity of the
graft leads to increased rate of late complications. These are related to a technical
aspect of the endograft placement such as problems with access, stability or integ-
rity of the endograft the majority of the time.

AAAs are described as infrarenal, juxta/pararenal, or suprarenal renal depend-
ing on the involvement of the visceral and renal vessels, with origins below, at or
above the levels of the renals respectively. They most often occur between the renal
and inferior mesenteric arteries with only 5% involving the renal or visceral arter-
ies. Up to 40% involve the iliac arteries. Infrarenal aneurysms with or without iliac
involvement ca be treated easily using standard endovascular techniques however
visceral involvement will often require more complex endovascular repair with
fenestrated, branched or physician modified devices, or open repair [39, 40].

3.1 Endovascular abdominal complications

Anatomic suitability is the primary determining factor for successful long
term endovascular repair. Aortic neck diameter, length, and angulation, taper and
infrarenal length are all important measurements to determine feasibility of endo-
vascular repair. In addition to these standard measurements, aberrant anatomy such
as renal artery anomalies, horseshoe kidney, iliac artery diameter, distance from
bifurcation and sac diameter are all parameters that must be taken into account
when planning a successful endovascular repair. With continuing advancements in
endograft design their utility and range of use continue to grow. Studies have shown
that poor compliance with device specific recommendations are associated with
high aneurysm enlargement [41].

The overall complication rate for EVAR is approximately 10% but can range up
to 30% in some studies [4, 5, 17]. Endograft complications rarely require conver-
sion to open surgery. Whether complications occur during the initial surgery or are
delayed they can usually be managed endovascularly if they require any interven-
tion at all. The main reason for reintervention is typically device related complica-
tions. The overall incidence of conversion to open surgery is approximately 2%

[42]. Higher complication and conversion rates are associated with larger aneurysm
diameter [43].
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Vascular access is most commonly obtained percutaneously via the bilateral
femoral arteries but can be obtained via femoral cutdown. Open access can be more
challenging in obese patients or with prior groin surgery but it may be preferred in
patients with severe femoral disease [44, 45]. Prior to device deployment anticoagu-
lation is initiated via weight-based dose heparin to prevent thrombosis and embolic
complications, this may be reversed at the surgeon’s discretion at the end of surgery
if it is deemed the patient is high bleeding risk. Although routinely done, routine
use is not associated with improved outcomes [11, 22].

The most common technical compilations include injury to the iliac and femoral
vessels vascular injury during access, device deployment or closure. Endoleaks
are another common complication and occur when there is persistent flow into
the aneurysm sac leading to expansion. Some endograft complications are device
specific and will not be discussed here [44, 46].

Contrast related complications such as allergy and nephropathy are unique to
endovascular repair and occur at a rate from 0.7-2%. Contrast induced nephropa-
thy is thought to be caused by agent induced renal ischemia causing acute tubule
necrosis. Moreover, the long-term use of contrast for surveillance has been associ-
ated with decreased renal function in some studies [47-50]. This can be mitigated
with dilute use, use of CO, angiography and use of intravascular ultrasound for
surveillance [24, 36, 51].

Graft deployment occurs after the endograft is precisely placed at the target
location, Prior to deployment the blood pressure is typically lowered with a mean
below 60 to prevent premature deployment and distal migration, this is referred
to as the wind-sock effect. Once deployed the graft is planned at the proximal and
distal landing zones as well as at the graft junctions. Evaluation for an Endoleak
immediately follows using repeat arteriography. Endoleaks of the thoracic aorta
occur at a rate of around 3.9%, lower than the associated rates at 15.3% with abdom-
inal aortic repair [1, 52].

3.2 Endoleaks

An endoleak is defined as the presence of persistent blood flow into the aneu-
rysm sac after graft placement and is one of the most common complications
associated with endovascular aneurysm repair. Entire chapters and textbooks have
been dedicated to the various types of endoleaks and their management so this will
only be a brief overview. Endoleaks occur from inadequate fixation or sealing of
the graft, breakdown of graft material, component separations, stent fractures and
endograft collapse [52]. There are five types of endoleaks overall.

Type I endoleaks occur when there is an incompetent seal at the proximal (IA)
or distal (IB) attachment site (Figure 1). Rates can be decreased by strict adher-
ence to the on label instructions for use of the device. Type 1 endoleaks must be
repaired if identified and are associated with persistence aneurysm growth. These
can be repaired with additional ballooning or the placement of additional endograft
components.

Type II endoleaks result from flow into the aneurysm sac from one or more
patent branch vessel such as a lumbar vessel or the IMA. Preemptive measures
such as embolization can be used and are often effective, however routine use is
often not justified or recommended. This is because many type II endoleaks do not
require treatment and remain asymptomatic with no effect on disease progression.
Embolization, glue insertion, and use of branched devices have all been used with
variable success.

Type III endoleaks result from the dissociation of the graft components or graft
fracture. Certain grafts are associated with higher incidence of type III endoleaks
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Figure 1.
Type 1 endoleak caused by slipped graft with no fixation.

and thus these can be prevented through judicious device selection. Type IV
endoleaks occur due to graft porosity. Like type 1 endoleaks, both type Il and IV
endoleaks can be repaired with ballooning, additional graft component placement
and relining. Both type I and type III endoleaks require urgent intervention while
type I and IV endoleaks typically do not require intervention at the time of the
initial surgery.

Type V endoleaks are undefined and occur when the aneurysm continues to
grow without any demonstrable endoleaks or all imaging modalities. It is referred to
as endotension and has no well-defined or established treatment. Routine surveil-
lance using computed tomography (CT) scan, ultrasound (US) and magnetic reso-
nance imaging (MRI) have all been described and various time intervals depending
on disease severity. The most common protocols utilize CT angiogram (CTA) at 1, 6,
and 12 months with annual follow up thereafter [3, 12, 14].

3.3 Access site and other early complications

Immediate problems are common but unpredictable and are typically correct-
able at the time of surgery if recognized early. The most common problems are
related to insertion of the delivery system in up to 7.7% of cases [53]. Arterial rup-
ture and dissection occurred at 0.7% and 0.9% rate respectively. Problems related
to deployment and retrieval each occur at a rate of 0.4%. Accidental coverage of the
visceral vessels occurs at a rate of 0.8%, atheroembolism occurs in 0.5% of patients.
Lower limb ischemia is due to graft limb kinks and limb occlusion in 0.7 and 0.9%
respectively. Lastly the hypogastric artery exclusion is required in 2.7% of patients.

Access site problems during EVAR are among the most common complications
at a rate of 9-16% [53-55], these include, hematoma, thrombosis of the access
vessel, distal embolization, dissection, pseudoaneurysm and formation of an
arteriovenous fistula. Due to the unique pathophysiology and varying severity of
these complications they are all managed in their own unique ways. Percutaneous
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access prevents the need for femoral cut down and thus increases the rate of wound
infection. With the advent of new devices and delivery systems there are reduced
complication rates compared to the original devices and are now as low as 4.4%.

3.4 Late complications

Although graft thrombosis can occur in the early post-operative period the
endograft is a dynamic entity and may respond as such. Late endograft complica-
tions occur in up to 30% of cases leading to angulation, kink, migration and throm-
bosis of the endograft [56, 57]. Larger neck diameter is also associated with adverse
events. Migration of the endograft can be identified on abdominal plain films and
should be further evaluated with CT [58].

Device migration is one of the most common causes of secondary intervention
after EVAR and is due proximal neck dilation either secondary to continued degen-
eration or oversizing [43, 59]. Another late complication is component separation
and is due to the modular design of the endografts. Although the prevalence has
decreased with the newer endografts, it can still occur due to inadequate overlap
and poor graft integrity. Shrinking of the aneurysm sack can also lead to changes
in the forces pulling at the limbs causing movement, decreasing the overlapping
length and eventually separation (type III endoleak).

Limb Kinking and occlusion are more common in endovascular repair at a rate of
2.3% vs. 0.2% of open cases. Some studies have shown rates as high as 3.7% and an
association with endoleaks, graft thrombosis, migration and need for conversion to
open repair. Diagnosis can be made on duplex US, CT or MRI. Symptomatic patients
can be treated with additional endovascular approaches and stenting and if the limb
remains patient but if occluded open repair and bypass may be required [43].

3.5 Post implantation syndrome

Post implantation syndrome typically occurs in the early post-operative period
and is thought to be due to endothelial activation. It occurs between 13 and 60%
of patients. This occurs secondarily to the placement of the prosthetic graft and
typically presents with fever, leukocytosis and a generalized inflammatory response
with elevated mediators such as C-reactive protein, IL-6 and TNF-alpha. With
placement of thoracic grafts pleural effusions are common as well, the POMEVAR
trial assessed whether preoperative steroids improved outcomes [48]. The trial
showed that inflammatory markers were lower in the steroid group, and postopera-
tive narcotics requirements were lower as well. No differences were appreciated in
perioperative morbidity however patients fulfilled discharge criteria one full day
sooner. No long-term data exists nor does any optimal dosing strategy.

3.6 Conversion

Open AAA have their own associated risks and complications in both the elec-
tive and emergent setting. Unplanned conversion from endovascular failure also has
its own associated risk factors and is associated with worse outcomes than a planned
open procedure. This is thought to be due to the fact that patients may not have been
a candidate for open procedure. Due to the known need for conversion to open,
when patients are being prepared for endovascular procedures preoperative risk
stratification for open surgery is still often recommended [42, 48].

Although many differences exist when comparing open and endovascular
surgery the principal distinction results from the need for aortic cross-clamping in
open surgery. Depending on the extent of the disease suprarenal and supraceliac
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control is often needed for at least a short period of time leading to further organ
ischemia and hemodynamic shifts. The perioperative morbidity and mortality is
increased in conversion from open to endovascular repair in both the elective and
emergent setting ranging from 10 to 13% [48-50]. Conversion surgery is associated
with higher risk than open surgery [48] however morality rates or comparable and
lower in some studies. Late conversion is associated with worse outcomes than early
conversion [60].

3.7 Open abdominal complications

Although endovascular approaches gaining popularity for the majority of AAAs,
indications for open repair still exist and are mainly due to unfavorable anatomy
for EVAR. Open repair is recommended for patients requiring intervention who
do not meet the criteria for any endovascular device [19, 20]. Open repair is con-
traindicated in patients whose procedure risk is outweighed by risk of rupture.

Of note, despite the higher perioperative morbidity and mortality associated with
open repair, the long-term outcomes are similar when compared to endovascular
repair [20].

Factors associated with higher complication rates in open repair are mainly due
to medical comorbidities such as CAD, COPD, cerebrovascular disease, and renal
dysfunction with serum Cr >2,0, AAA diameter > 6.5 cm, suprarenal cross clamp-
ing, advanced age, and female sex. Patients should all receive appropriate preop-
erative screening and medical optimization including cardiovascular evaluation,
Aortic imaging to assess extent of the disease and evaluation for horseshoe kidney
or an inflammatory aneurysm which require special considerations for repair
[14, 60]. Inflammatory aneurysms are characterized by perianeurysmal fibrosis
and contrast enhancing and thickening of the aneurysm wall. An inflammatory
component is present in approximately 3% of aneurysms [61-63]. Although these
can be repaired endovascularly open repair is often preferred and a retroperitoneal
approach is often recommended.

Access to the aorta can be obtained via the transperitoneal or retroperitoneal
approach, the former can be further divided into a midline or transverse inci-
sion [64]. Although overall perioperative mortality is similar for both approaches
[65-67], the retroperitoneal method is associated with lower rates of postoperative
complications such as pneumonia, hernias, ileus, reduced blood loss, and shorter
ICU length of stay. Retroperitoneal incisions are however associated with increased
risk of wound complications including flank hernia and incisional pain. Ultimately
incisional approach is based largely on patient factors, and surgeon experience/
preference [66, 68].

Anastomotic aneurysms are another complication unique to open repair. They
can be true aneurysms related to ongoing degeneration or false/pseudoaneurysms
resulting from disruption of the suture line [69]. Suture line disruption can be due
to technical error but has a strong association with infection. Both true and false
aneurysms can occur proximally or distally and typically require redo surgery
for repair. Relining is an alternative if it is feasible and no associated infection
exists [70].

3.7.1 Ischemia related to open repair
As with endovascular repair complications include ischemia, and renal dysfunc-

tions. Late complications include incisional hernia, anastomotic aneurysm, graft
infection and aortoenteric fistula. Late complications occur in 9.5% of patients [71].
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In open surgery extremity ischemia can occur due to clamp injury, wall dissection,
thrombosis and distal thromboembolism [19, 21]. Minimizing dissection and clamp-
ing heavily diseased regions can minimize extremity ischemia. Pelvic ischemia can
lead sexual dysfunction may be due to pelvic nerve dysfunction with autonomic
nerve injury resulting in impotence [36].

Renal dysfunction can result from decreased blood flow during mobilization
and clamping of the aorta or due to embolism of debris into the renal arteries.
Incidence is high with suprarenal repair however infrarenal repair can still reduce
renal blood flow and result in renal dysfunction. Renal failure is associated with
higher 30-day mortality [25, 37]. The small and large intestine can be both affected
in open repair. Acute mesenteric ischemia is rare with an infrarenal AAA. Colonic
ischemia is increased with ruptured aneurysm however the incidence of ischemia
depends on method used to detect the disease and many patients will not have
significant symptoms.

3.8 Compartment syndrome

Abdominal compartment syndrome results in organ dysfunction secondary to
increased compartment pressures. This can occur following open or endovascular
repair in patients who have a ruptured aneurysm. This is thought to be due to the
increased volume resuscitation needed combined with the increased retroperito-
neal volume in blood loss. Rates are as high in 10 of patients Following EVAR [72].
Management is with decompressive laparotomy with EVAR and reopening the
incision and fascia if open repair was performed. If there was severe limb ischemia,
reperfusion of the affected limbs could result in extremity compartment syndrome
requiring prompt recognition and intervention with fasciotomy. The myonecrosis
associated with compartment syndrome is treated with hydration, cardiac monitor-
ing and supportive care.

3.9 Infection

Infection is rare with some studies showing rates as low as 0.3% in all aneurysm
surgeries. Infection rates range from 0.4 to 3% in EVAR and are associated with
high mortality rates ranging up to 50% [73-77]. Aneurysm extension in the femoral
region can increase the incidence up to 3%. Early presentation is thought to be due
to seeding with skin flora or inadequate sterile technique while late presentations
are associated with an aortoenteric fistula (AEF). AEFs are caused by erosion of the
graft into the small bowel — most commonly the third portion of the duodenum.
This is much more common with open repair [73]. Treatment typically requires
removal of the infected graft with extraanatomical reconstruction to restore blood
flow to the lower extremities. In-situ reconstruction can be also be used [75, 77].

Autogenous conduit such as femoral vein graft can be used and is reserved
for use in the presence of gross infection [78, 79]. If the patient does not have
an adequate donor vessel antibiotic impregnated grafts, cryopreserved arte-
rial conduits and endovascular grafts have all been used with varying success.
Conservative strategies exist with antibiotic therapies if the patient cannot tolerate
open surgery. Bloodstream infection and postoperative surgical site infection are
associated with aortic graft infection and occur at a mean of 3 years following the
procedure [79]. Timely administration of prophylactic antibiotics and adherence
to strict sterile technique all decreased the incidence of surgical site infections.
PTFE grafts may be associated with increased infection resistance as opposed to
polyester grafts.
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4, The thoracic aorta

Thoracic aneurysms are much rarer than abdominal aneurysms and can
involve one or more segments. Classification is based on the various anatomic
structures involved including the root, ascending, arch and descending portions.
Approximately 60% of thoracic aneurysms involved the root and ascending por-
tion, 40% involve the descending and 10% involve the arch. Another 10% of aneu-
rysms involve the thoracoabdominal aorta often involving more than one segment.

4.1 Endovascular thoracic aorta

Endovascular repair of the thoracic aorta (TEVAR) is a minimally invasive
approach and has fewer complications and associated morbidities than open repair.
Mortality rates range from 1.9-3.1% [3, 41, 44, 80], with overall morbidity rates
being as low as 9% [42] Despite being its initial use as a treatment for patients who
were unable to tolerate an open procedure, it is now the preferred treatment options
due to the improved risk profile in most patients with suitable anatomy. Indications
for open vs. endovascular approaches are often unclear and many surgical societies
place an emphasis on individualized approach taking many factors into account,
furthermore many hybrid techniques exist with a combination of open and endo-
vascular approaches [3, 6, 7, 17].

From an anatomical and endovascular standpoint, the thoracic aorta is divided
into 4 landing zones (0-4) which determines the need for aortic debranching and
endovascular coverage (Table 2). Endovascular repair avoids a sternotomy/tho-
racotomy, and the need to cross clap the aorta. Lack of aortic cross clamping has a
lower incidence of end organ ischemia. Endovascular surgery is associated with less
respiratory dependency, and has significantly improved post-operative pain, fur-
thermore endovascular surgery has Unless related to a genetically mediated disease,
endovascular repair is preferred for most descending aortic aneurysms [81-83].
Like with the abdominal aorta TEVAR can require conversion to open repair in
certain situations such as in the case of persistent endoleak and late rupture.

4.1.1 Graft related complications

Various devices exist for thoracic aortic aneurysms. The degree of support varies
from device to device and each is thought to have their own benefits and setbacks.
Flexibility is associated with increased adaptability to aneurysm configuration
overtime while some feel that fully supported endografts are more resistant to
kinking ant subsequent thrombosis. Furthermore, increased graft complexity is
associated with more complications.

A notable risk with TEVAR is coverage of the left subclavian artery [84]. This is
implemented in many patients without sequelae or complications however certain
groups of patients may not tolerate coverage. Although routine revascularization

Zone 0 Proximal to the origin of the brachiocephalic artery

Zone1l Distal to the brachiocephalic but proximal to the left Common carotid

Zone 2 Distal to the left common carotid but proximal to the left subclavian

Zone 3 Less than 2 cm from the left subclavian without coverage

Zone 4 More than 2 cm distal to the left subclavian but within the proximal half of the thoracic aorta
Table 2.

Thoracic aortic landing zones.
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is not necessary, patients with a dominant left vertebral system, hypoplastic right
vertebral artery, patent left inferior mammary after CABG, functioning left upper
extremity dialysis AV-fistula or an incomplete Circle of Willis are at high risk of
symptoms including stroke and paraplegia. Any planned coverage in these patients
should be preceded by left carotid to subclavian bypass or carotid transposition.
Symptoms of subclavian coverage can include development of debilitating arm
pain, acute hand ischemia and claudication symptoms. These can be treated with
elective revascularization, however may resolve overtime without interventions as
collateral circulation develops [85-87].

Depending on the extent of disease the carotid, renal and visceral vessels can all
be covered as well. If the renal arteries or superior mesenteric artery are involved
the use of a fenestrated or branched graft should be used if possible [40, 41, 53, 88].
If deemed impossible a hybrid procedure can be performed with debranching and
reimplantation, or a bypass procedure to restore adequate blood flow. If there is
adequate collateral circulation to the covered vessel as occurs with the celiac axis
in most patients, no further intervention is required. If not required for circula-
tion and collateral flow exists certain vessels may be prophylactically embolized to
prevent a an endoleak [89, 90].

4.1.2 Non-graft related complications

Endovascular procedures require delivery of a large bore sheath into the aorta
with separate access for arteriography. This is typically performed via a femoral cut
down or in a percutaneous fashion to avoid femoral cutdown. Access site complica-
tions associated with TEVAR result from passage of the sheath into the vessel and
can result in iliac artery disruption. Rates of disruption are increased if the vessel
is small-diameter, tortuous, or excessively calcified. Adjunctive procedures may be
performed prior to sheath placement such as angioplasty and stenting to facilitate
sheath placement and reduce complications. Other strategies to decrease access site
complications are creation of an iliac conduit, directly expose the common iliac or
aortic exposure with direct delivery of the graft through the abdominal aorta.

Due to risk of neurologic and vascular complications patients are transferred
to a monitored unit postoperatively for routine neurovascular checks assessing for
stroke, spinal cord and extremity ischemia. These are rare and in the absence of
symptoms, patients are typically stable for discharge after 2-3 days [91-93].

Ischemia secondary to vessel coverage was discussed in detail in the AAA section
however ischemia can also occur secondary to embolism during graft placement or
from retrograde dissection. Dissection can occur in the immediate perioperative
period or be delayed. Rates are as high as 2.5% and are associated with hyperten-
sion, vascular disease, presence of an acute dissection and use of bare metal
stent [6, 85, 94].

4.2 Ischemic and neurologic complications

The first complication that will be discussed related to thoracic aortic aneurysm
repair is paresis and paraplegia. This can occur along any segment and its risk is
related to the extent of aortic involvement. It has been estimated to occur at rates
between 8% and 30%. The rates of spinal cord ischemia are comparable if not
slightly lower with endovascular repair compared to open surgery and range from 3
to 11% [84, 93, 95-97]. Spinal cord ischemia occurs in the acute setting with a mean
onset time of 10.6 hours following repair.

There are three major blood supplies to the spinal cord, the vertebral arteries
in the neck, the anterior spinal artery and the two posterior spinal arteries that
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anastomose distally at the conus medularis. The anterior spinal artery supplies the
anterior two-thirds. The thoracic spinal cord especially dependent on radicular
contributions to the anterior spinal artery, namely the Artery of Adamkiewicz
between T9-T12. There are reserves with collateral circulation however as more of
the arterial system is disturbed the higher the likelihood of injury. If able to limit
the disruption to 8 or fewer segments then the risk of paresis and paraplegia are low.
Crawford Type II aneurysms have the highest risk.

Certain spinal precautions can be implemented in both open and endovascu-
lar repair to decrease risks. Whether open or endovascular repair is performed,
extent of coverage is the highest associated risk factor with paralysis [98, 99].
Hypotension, procedural duration, need for reimplantation and renal insufficiency
are all associated risk factors [93, 96, 99]. Spinal ischemia is very rare with EVAR for
AAA with an incidence of <0.21% [100] compared to has high as 12% for TEVAR
repair. Risk of paraplegia can be mitigated with cerebrospinal fluid drainage using
a lumbar drain [99]. Perioperative monitoring using spinal perfusion pressure is
also recommended with an intrathecal pressure recommended to be <10 mmHg
[101, 102]. Reimplantation of patient lower intercostal arteries, namely T8-T12 is
also associated with decreased risk of neurologic deficits.

Ischemic complications from TEVAR can occur in the extremities, visceral
organs and cerebrovascular system as well. Although less specific to the spinal cord,
ischemia to the brain and emboli from plaque/thrombus disruption can lead to
stroke and stroke-like symptoms, mesenteric ischemia, and ALI. Overall, 30-day
stroke rates were once as high as 20% in patients requiring arch repair but have
decreased significantly.

Due to the proximity of the seal zones to the carotid and vertebral artery there is
risk of embolic stroke, these are associated with proximal graft deployment, pres-
ence of mobile atheroma in the arch and previous stroke. Rates range from 4 to 8%
and are comparable with open surgery [103]. Silent embolization is also though to
commonly occur however the significance is not well understood at this time.

4.2.1 Visceral ischemia

Celiac axis coverage is controversial and although not typical, can result in
visceral ischemia. Collateralization via in the pancreaticoduodenal arcade should
allow blood flow via the SMA however this is not always the case. If the graft were
to cover the SMA or renal arteries, revascularization would be necessary if a fenes-
trated or branched device was not used [90, 104].

4.3 Delayed complications

CT Scan is used for surveillance and typically done at 1, 6, and 12 months post
operatively with annual surveillance thereafter. Secondary intervention is fairly com-
mon [3, 17, 103, 105] and evidence of endoleaks typically require prompt interven-
tion. Type II endoleaks in the setting of stable aneurysm sack size can be observed.

Late outcomes are usually related to the natural history of the disease and
related to the graft itself, endoleaks have been discussed but the device can migrate,
collapse or infold as well [1, 47]. Migration above 1 cm caudally can occur at a rate
of 1-3% over a one-year period. This is increased with grafts that are oversized
or associated with tortuous seal zone. In-folding and collapse primarily occur in
younger patients and has a higher association with traumatic dissection and is
related to severe proximal aortic angulation or oversizing. Symptoms are related to
aortic occlusion and require prompt intervention. Overlapping and device separa-
tion has been reported as well, however all of these issues typically respond well
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to endovascular techniques [106, 107]. The need for secondary intervention from
various causes ranges from 3.6 to 24% [108-111].

A large case series with 1 year follow up looked at patients treated with endovas-
cular stents for aneurysm, dissection and traumatic injury with fatal complications
occurring in 4% of patients resulting from aneurysmal rupture, stent erosion into
the esophagus, bleeding and arterial injury [112]. Late stent complications occurred
in 38% of patients and presented with malposition, endoleaks, dissection, distal
embolization, gut ischemia, and infection. Aortobronchial and aortopulmonary
fistulas related to compression as a consequence of endoleaks are rare but potential
lethal complications.

4.4 Open thoracic complications

Although endovascular procedures are gaining popularity for many thoracic
pathologies, open surgery still remains the standard of care for various situations.
Open surgery remains the standard of care for ascending aneurysms >5.5 cm,
>4.5 cm with associated genetic anomalies (>4.2 cm with patients with Loeys-Dietz
Syndrome), and rapid expansion. Patient selection must also be considered and
may be an indication for open repair. As many open thoracic procedures require
cardiopulmonary bypass and often use hypothermic circulatory arrest, the associ-
ated risks and complications all apply and will not be discussed in detail [3, 92]. In
summary patients who do not me the anatomic criteria to place an available endo-
graft and require repair they must undergo an open procedure.

Bleeding requiring intervention occurs in 10% of patients requiring emergent
repair and 3% of patients undergoing elective repair. Bleeding can lead to cardiac
tamponade, shock, dilutional coagulopathy and have other associated transfusion
related complications. It can also present in a delayed fashion with a hemothorax
requiring further intervention. Prevention can include correction of all coagulation
defects, obtaining strict hemostasis, use of antifibrinolytic and hemostatic agents.
Bleeding can occur with TEVAR, EVAR and Open AAA repair however is most
severe when associated with open thoracic repair [3, 113, 114].

Ischemic renal and neurologic complications are discussed above however
emboli and ischemia can affect the extremities and visceral organs as well.
Peripheral nerve injuries can result as a consequence of excessive traction, but
often improve with conservative management and do not require any interventions
[30, 35]. Distal arch surgery is associated with injury to the recurrent laryngeal
nerve resulting in hoarseness and vocal cord paralysis, while injury to the phrenic
nerve is associated with diaphragmatic paralysis and respiratory distress/failure [3].

Para-anastomotic pseudoaneurysm is a notable potential late complication of
open thoracoabdominal repair, and often occurs in the setting of graft infection.

It is often repaired with re-do open repair, however endovascular options exist for
certain patients with appropriate anatomy and prohibitive risk to open surgery [69].

4.5 The aortic valve

The involvement of the aortic valve requires special consideration with repair
and thus has its own specific set of associated complications. Furthermore, aortic
stenosis and insufficiency may present as a late complication of ascending aortic or
arch repair. This can also be associated with re-aneurysm formation, dissection and
endocarditis of the valve. Furthermore, involvement of the aortic valve and root
require coronary artery reimplantation. Valve-sparing aortic replacement is possible
and recommended for patients with ascending disease who do not have significant
root dilation [115-117].

65



Aortic Aneurysm - Clinical Findings, Diagnostic, Treatment and Special Situations

5. Conclusion

In conclusion many complications exist with respect to aortic aneurysm repair
and exist among all types of repair and relate to the comorbidities associated
with the disease such as myocardial infarction and stroke, while others related to
graft placement and surgery as occurs with visceral ischemia. Endovascular and
Open repair and the Abdominal and thoracic aorta each do have their own unique
associated risks. Open procedures have high rates of infection and bleeding, while
endovascular repair have higher associated risks of contrast related injuries and risk
conversion to open surgery. The thoracic aorta has higher associated rates of spinal
ischemia and paralysis.
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Chapter 6
Aortic Aneurysm in Pregnancy

Jennifer Chin and Marguerite Lisa Bartholomew

Abstract

Aortic aneurysms in pregnancy are rare but often fatal due to the natural
physiologic changes of pregnancy and comorbidities specific to pregnancy, which
increase the risk for aortic dissection and rupture. These physiologic changes
are most pronounced in the third trimester and during the peripartum period,
when approximately one third of dissections occur. In patients with known aortic
aneurysms or conditions that make them prone to aortic aneurysms, preconcep-
tion counseling can make pregnancy safer and more manageable. Aortic aneu-
rysms diagnosed during pregnancy are usually due to underlying connective tissue
diseases or aortopathies that have not been previously diagnosed. These women
require multidisciplinary care including but not limited to obstetrics and gynecol-
ogy, maternal fetal medicine, neonatology, cardiology, cardiothoracic surgery,
cardiothoracic anesthesia, and genetics. Decisions include screening for dissec-
tion, when to proceed with surgical management, the best mode and timing for
delivery, postpartum care, and contraception.

Keywords: aortic dissection, pregnancy, postpartum, delivery timing, contraception

1. Introduction

Aortic aneurysms in pregnancy are a rare but potentially fatal occurrence. The inci-
dence in the general population is low at 2.6-3.5 per 100,000 person-years [1]. Women
present with aortic aneurysms at an average age of 67 years, which is older than the
average age of men presenting at 60 years. A significant index of suspicion is neces-
sary to identify aortic aneurysms during pregnancy. Symptoms of aortic aneurysm or
aortic dissection include significant chest pain that may or may not radiate to the back,
dyspnea, syncope, and dysphagia. Chest x-ray (PA and lateral) should not be withheld
for pregnant women with such symptoms. Although the cardiac silhouette may appear
mildly enlarged on chest x-ray during pregnancy, persistent symptoms with or with-
out a widened mediastinum should be evaluated with further imaging. In any patient,
the highest morbidity and mortality results from an aortic dissection. Table 1 shows
types of aortic dissections, their description, and their associated mortality rates.

The highest mortality risk is a Stanford type A acute dissection, which describes
an intimal tear involving the ascending aorta allowing blood to flow into the medial
layer, which can ultimately culminate in aortic rupture leading to ischemia, tam-
ponade, aortic regurgitation, or stroke. Stanford type A dissections typically pres-
ent with a pulse deficit, systolic blood pressure limb differential of over 20 mmHg,
focal neurologic deficits, or syncope [2]. Stanford type B dissections, which involve
the descending aorta, have a lower mortality rate of 10% after 30 days. These are
usually managed medically with strict blood pressure control as opposed to type A
dissections, which typically require surgical management [2].
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Type of Dissection Description Mortality

Stanford type A Involves ascending aorta 40%

Stanford type B Involves descending aorta 10%
Table 1.

Types of aortic dissections and associated mortality vates [1].

Risk factors for aortic aneurysms and resulting aortic dissections vary depend-
ing on age. For older women in the general population, hypertension and athero-
sclerosis contribute to the development of aortic aneurysms and aortic dissections.
In contrast, aortic aneurysms in reproductive aged women usually occur in the
setting of an underlying connective tissue or genetic disorder, such as Marfan’s
disease, Ehlers-Danlos syndrome, Turner’s syndrome, or Loeys-Dietz syndrome, or
an underlying aortopathy, such as bicuspid aorta, coarctation of the aorta, familial
thoracic aortic dissection syndrome, or aneurysm-osteoarthitis. Among women less
than 40 years old with aortic aneurysms, pregnancy has been shown to increase the
risk of dissection by up to 25 fold [1]. Fortunately, the incidence of aortic aneurysm
in pregnancy is low at 0.05 per 100,000 person-years; however, maternal mortality
is high and ranges from 21-53% [3]. Aortic dissections in pregnancy account for
0.1-0.4% of all dissections and represent 0.0004% of all pregnancies [4].

Due to the rare occurrence of aortic aneurysm and dissection in pregnancy,
management is largely based on case series and expert opinion. Treatment is
nuanced and complex often due to perceived conflicting priorities of maternal and
fetal health. The family’s wellbeing is absolutely dependent on maternal survival
and long-term health so these are not actually separate priorities. This chapter will
review the unique physiology and risk factors for aortic dissection in pregnant
women with aortic aneurysms, optimal management of known aortic aneurysms
in reproductive aged women prior to pregnancy, best practice guidelines for aortic
aneurysms during pregnancy, mode and timing of delivery of the pregnancy, and
recommendations for postpartum care including prevention of or planning for
another high-risk pregnancy.

2. Aortic aneurysm and dissection in pregnancy
2.1 Physiology of pregnancy in aortic aneurysms

Aortic aneurysms in pregnancy have a much higher risk of progression to aortic
dissection and rupture than aortic aneurysms in the general population. This
difference is incompletely understood, but can be mostly explained by physiologic,
specifically vascular, changes unique to pregnancy, as well as underlying connective
tissue or genetic disorders that predispose reproductive aged women to aortic aneu-
rysms. The clinical features of these diseases are often exacerbated in pregnancy
and increase the morbidity and mortality of aortic aneurysms in pregnancy and the
pregnancies themselves.

2.1.1 Vascular changes of pregnancy
During pregnancy, specific physiologic changes occur to support the fetus and
prepare for childbirth. Cardiovascular changes begin in the first trimester and peak

in the third trimester and peripartum period, starting at 28 weeks of gestation up
until 4 weeks after delivery. The vascular changes of pregnancy can negatively
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impact the progression of an aortic aneurysm and significantly contribute to the
increased risk of aortic dissection in aortic aneurysm in pregnancy. Some of these
changes include increased cardiac output, heart rate, circulating volume, and left
ventricular mass, all of which increase the risk of aortic dissection and rupture [1].
Estrogen and progesterone, both hormones that significantly increase in pregnancy,
have been proven to change the microstructure of the aortic media and intima
layers, causing fragmentation of reticulum fibers and loss of corrugation of elastic
fibers [4]. This weakening of the vessel walls further contributes to the increased
risk of aortic dissection and rupture. Some hypothesize that the gravid uterus, as it
increases in size, compresses the aorta and thus increases the aortic outflow resis-
tance, also increasing the risk of aortic dissection [1]. All of these vascular changes
are most pronounced in the third trimester, when 50% of aortic dissections occur,
and during the peripartum period, 4 weeks before and 4 weeks after delivery, when
33% of aortic dissections occur [2]. Certain conditions specific to pregnancy, such
as pre-eclampsia, which causes vasoconstriction and sudden severe elevation of
blood pressures, significantly increases the risk for aortic dissection and further
complicates management.

2.1.2 Connective tissue and genetic disorders in pregnancy

There are several connective tissue and genetic disorders that predispose
reproductive aged women to aortic aneurysms and have serious implications during
pregnancy, both on the progression to aortic dissection and rupture as well as the
pregnancy itself. While not an exhaustive list, the connective tissue and genetic
disorders that will be discussed in this section include Marfan syndrome, Ehlers-
Danlos syndrome, Loeys-Dietz syndrome, and Turner syndrome.

Marfan syndrome is an autosomal dominant connective tissue disorder that
affects approximately 3 in 10,000 people [3]. Among pregnant women with aortic
aneurysms, Marfan syndrome causes approximately half of aortic dissections [1].

It is characterized by musculoskeletal abnormalities including pectus excavatum,
ocular abnormalities, cardiovascular abnormalities including aortic aneurysm and
dissection, pulmonary abnormalities including spontaneous pneumothorax, skin
abnormalities including stretch marks, and dura abnormalities including lumbo-
sacral dural ectasia [5]. In the past, life expectancy was extremely limited, usually
due to cardiovascular complications related to the disease; however, with current
medical and surgical therapy, life expectancy can extend into the 70s. Diagnosis of
Marfan syndrome can be made clinically based on criteria within different organ
systems based on positive or negative family history. In the absence of family
history, 2 major criteria from 2 different organ systems and 1 other major or minor
criteria from another organ system must be met. In the presence of family history,
only 1 major criterion and 1 major or minor criterion from a different organ system
is necessary for diagnosis. Diagnosis can be confirmed by genetic testing, which will
show a mutation on the fibrillin gene on chromosome 15.

During pregnancy, women with Marfan disease incur a high risk of morbidity
and mortality due to the possibility of aortic dissection. This risk is particularly
pronounced when aortic root dilation is over 4 cm. When the aortic root dilation
is less than 4 cm, the risk of dissection is 1%; when the aortic root dilation is over
4 cm, the risk of dissection increases to 10%. Additionally, when aortic root dilation
is over 4-4.5 cm, pregnant women will likely experience an accelerated rate of aortic
root growth as compared to nonpregnant women [5]. In addition to maternal cardio-
vascular risk, there is likely an increased risk of obstetric and postpartum com-
plications including a higher rate of preterm labor, preterm premature rupture of
membranes, maternal urinary incontinence, and pelvic organ prolapse postpartum.
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In nonpregnant patients, beta-blockers significantly slow the growth of the
aortic root and decrease the risk of aortic dissection. There is some concern about
the use of these medications in pregnancy due to possible adverse effects for the
fetus including intrauterine growth restriction and fetal bradycardia. The risk
benefit ratio supports the use of betablockers for treatment of aortic aneurysm
during pregnancy. Selective beta-1 receptor blockers, such as metoprolol, are usu-
ally chosen due to a decreased risk of intrauterine growth restriction [5].

Several medications commonly used in obstetrics require careful use in pregnant
women with Marfan syndrome. In cases of threatened preterm labor, tocolytics
such as magnesium sulfate and calcium channel blockers can be used without
significant adverse events. However, beta-adrenergic agonists, such as terbutaline,
may increase the risk for tachycardia and arrhythmias and thus should be used
with extreme caution. Additionally, indomethacin, commonly used for tocolysis in
threatened preterm labor less than 32 weeks of gestation, can cause fluid retention,
which may increase the risk for aortic dissection, and thus should also be used with
extreme caution [5].

Ehlers-Danlos syndrome, less common than Marfan syndrome, occurs in
approximately 1in 5000 people. There are 6 different types of Ehlers-Danlos
syndrome, which generally causes hypermobility of the joints, poor wound healing,
tissue fragility, and hyperelastic skin [3]. The most severe type of Ehlers-Danlos
syndrome and the most dangerous during pregnancy is the vascular type of disease.
While hypermobility of the joints and hyperelasticity of the skin are less common
in this type of disease, there is a significantly increased risk of aortic dissection,
which is often not preceded by aortic dilation [3]. Due to tissue fragility, pregnant
women with Ehlers-Danlos syndrome vascular type also have an increased risk of
peripartum mortality up to 12% due to the risk of arterial or uterine rupture and
hemorrhage [3].

Loeys-Dietz syndrome is a connective tissue disorder caused by mutation of
the genes TGFBR1 or TGFBR2. Loeys-Dietz syndrome shares many characteristics
with Marfan syndrome and Ehlers-Danlos syndrome vascular type. The disease
is characterized by pectus excavatum, joint hypermobility, arterial tortuosity,
hypertelorism, and bifid uvula [3]. Life expectancy for women with Loeys-Dietz
syndrome is short with a mean age of death at 26 years, usually due to vascular
complications. Similar to Marfan syndrome and Ehlers-Danlos syndrome vascular
type, tissue fragility contributes to an increased risk of aortic dissection and uterine
rupture, conferring significant morbidity and mortality in pregnancy.

Turner syndrome is a genetic disorder caused by complete or partial loss
of one of the X chromosomes in a female. It occurs in approximately 1 in 2000
female births and is characterized by short stature, delayed puberty, premature
ovarian failure, learning disabilities, bicuspid aortic valve, coarctation of the
aorta, and aortic arch abnormalities [3]. Due to the high rate of aortopathy in
women with Turner syndrome, the risk of aortic dissection in pregnancy is
significantly elevated over the general population. While most women with
Turner syndrome experience infertility due to premature ovarian failure, women
with mosaic Turner syndrome may be fertile and thus capable of pregnancy. The
risk of death from acute aortic dissection among pregnant women with Turner
syndrome is 2%, and thus pregnancy is not recommended if a cardiac anomaly is
present [3].

While knowledge of these connective tissue and genetic disorders may aid in
diagnosis, aortic dissection may still occur in the absence of known risk factors and
thus should remain on the differential for any pregnant woman who presents with
chest pain radiating to her back.
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2.2 Management prior to conception

Screening for aortic aneurysm should ideally be performed prior to conception
in at-risk women. At-risk women include reproductive aged women with a personal
or family history of aortic aneurysm or dissection in the past, known connective
tissue or genetic disorder predisposing them to aortic aneurysm, known aortopathy,
congenital heart disease, previous cardiac surgery, or significant trauma [4].

Any female with known aortic disease should receive proper family planning
and contraceptive counseling as soon as and ideally before they are able to become
pregnant. Important aspects of counseling include the significant risk to maternal
health and the heritable nature of many underlying diseases that cause aortic aneu-
rysm and dissection. After careful review of a woman’ individual risk or based on
a woman’s family planning desires, surrogacy and adoption may be the safest route
for parenthood. Women should be aware that deciding to become pregnant can have
serious consequences to their own health.

Baseline workup includes referral to and establishment of care with a cardiolo-
gist if not already done, echocardiography, electrocardiogram, and genetic consul-
tation if necessary. Routine medications must be reviewed to make sure they are not
teratogenic as many patients are stable on warfarin, ACE inhibitors, and ARBs, all
of which carry significant fetal risk with exposure in utero [4].

Among women with Marfan syndrome, elective surgery is generally recom-
mended prior to conception when the baseline aortic root dilation is greater
than 4.7 cm [5]. This is due to the maternal risk of death exceeding 10% [4].
Preconception care should include echocardiography to assess the proximal and
distal aortic diameters and valvular and cardiac function. In women with signifi-
cant ventricular enlargement, Holter monitoring is recommended to evaluate for
arrhythmias.

Elective surgery should also be recommended prior to pregnancy in women with
bicuspid aortic valve and aortic root dilation greater than 5 cm due to the maternal
risk of death exceeding 10% [4]. Due to the high risk of aortic dissection, elective
surgery prior to pregnancy is also recommended in the following situations: history
of aortic valve surgery and aortic root dilation greater than 4.5 cm, Loeys-Dietz
syndrome and aortic root dilation greater than 4.2 cm, any aortic root dilation
greater than 5.5 cm regardless of underlying connective tissue disease, and symp-
tomatic, traumatic, or syphilitic aneurysms [4].

Importantly, while physicians may make recommendations one way or another,
women have autonomy over when and if they wish to become pregnant and thus
care teams must be willing to support women’s choices or refer to a team that can
provide proper clinical care.

2.3 Management during pregnancy

After thorough counseling or if a woman desires pregnancy regardless of the
risks, management of aortic aneurysm in pregnancy requires close follow up,
multidisciplinary care, and a heightened index of suspicion for aortic dissection or
need for surgical intervention.
2.3.1 Screening during pregnancy

After pregnancy is established, strict blood pressure control and serial imag-

ing are necessary to evaluate the aortic root diameter. Depending on the baseline
aortic root diameter and the underlying cause of aortic aneurysm, imaging can
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be obtained as frequently as every 4-8 weeks or as infrequently as every trimester
throughout pregnancy and then postpartum [3]. Blood pressure control and heart
rate control are recommended using beta-blockers to slow the growth of the aortic
root and help prevent aortic dissection [5]. Prompt recognition of rapid growth of
aortic aneurysm or aortic dissection is essential due to the high risk of progression
to aortic rupture, maternal death, and poor fetal/neonatal outcomes. If the aortic
root diameter is increasing too rapidly, surgery may be necessary during pregnancy
to decrease the risk of aortic dissection.

2.3.2 Imaging during pregnancy

Physicians who are unfamiliar with imaging in pregnancy may worry about fetal
risks with different imaging modalities. Echocardiogram is safe and sufficient to
monitor stability or progression of known aortic aneurysm in pregnancy. CT or MRI
should be used to evaluate the aortic arch or thoracic aorta if these areas are known
or suspected to be involved during pregnancy. In the workup of aortic aneurysm,
the benefit of an accurate diagnosis from a CT angiogram highly outweighs the
radiation exposure risk for the maternal-fetal dyad and should not be withheld.

The radiation exposure from a CT angiogram is 0.01-0.66 mGy, which is well below
the threshold for fetal injury (50 mGy) [6].

In an acute situation, such as when an aortic dissection is suspected, it is impor-
tant to select the correct and most accurate imaging modality. CT angiography
imaging is considered the gold standard and accuracy of diagnosis of aortic dis-
section approaches 100% with the newest machines available at most hospitals [7].
Transesophageal echocardiography is usually sufficient for diagnosing dissection;
however, studies have shown significant inter-observer variability. Magnetic reso-
nance angiogram is able to properly evaluate left ventricular dysfunction; however,
most imaging units refer acute patients to CT angiography due to the time sensitive
nature of diagnosis of aortic dissection [8].

2.3.3 Surgery during pregnancy

When aortic aneurysm or aortic dissection occurs in pregnancy, management
is largely based on case series and expert opinion. Withholding indicated surgery
from a pregnant woman as a result of concern for teratogenesis, pregnancy loss,
preterm birth, or litigation is unfounded, and may significantly contribute to both
maternal and neonatal morbidity [9]. Recommendations for aortic aneurysm
treatment and surgery triage are based on nonpregnant individuals. Table 2 shows
differing society guidelines for evidence-based timing of surgical intervention. In
general, if the aortic root diameter exceeds 5 cm, rapid progression in size is noted,
or there is aortic valve regurgitation, surgical intervention during pregnancy is
recommended and the benefits absolutely outweigh the risks [3]. While there is no
standardized definition of rapid progression, most agree that an increase of more
than 3-5 mm is significant. Pregnant women with aortic aneurysms are more likely
to have an underlying aortopathy, which should decrease thresholds for surgical
repair as risk for aortic dissection, aortic rupture, and maternal death are increased.
Preeclampsia also increases risk for dissection and rupture. Studies have also shown
an increased risk of mortality for patients with shorter stature, independent of size
of aneurysm, and thus some experts recommend basing clinical decisions on the
maximal cross-sectional area, which is calculated by dividing the square centime-
ters of the maximal aortic root diameter by the patient’s height in meters, rather
than the absolute aortic root diameter. When this measurement is used, surgical
intervention during pregnancy is recommended if the ratio is above 10 [4].
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Society Recommendation

Canadian society for Aortic root diameter at or above 5 cm, less if growing faster than 10% per year
vascular surgery

Japanese circulation Aortic root diameter at or above 6 cm, 5 cm if accompanied by pain

society

European society of Aortic root diameter greater than 5.5 cm, less if there is an indication for surgery on

cardiology the aortic valve to combine surgeries

American college of Aortic root diameter at or above 5.5 cm, less if growing faster than 0.5 cm/year,

cardiology 4-5 cm or maximal cross sectional area greater than 10 with aortopathy or bicuspid
aortic valve

*Symptomatic patients or patients with aortic dissection vequire urgent surgical intervention regardless of aortic root
diameter.

Table 2. i
Society guidelines for surgical intervention of asymptomatic thovacic aortic aneurysms [3, 10].

Contrary to popular belief, cardiopulmonary bypass (CPB), which is necessary
for cardiothoracic surgical intervention, is not strictly contraindicated during
pregnancy. The optimal mode and timing of delivery in relation to cardiothoracic
surgery is discussed in the next section, but for some women, continuing preg-
nancy during CPB may be considered if they have compelling surgical indications
and a previable or extremely preterm fetus. During CPB, several modifications can
improve the fetal mortality rate below 20%, including performing the procedure
under normothermic conditions in the left lateral decubitus position to maintain
placental perfusion and decrease the risk of uterine contractions and preterm labor,
high pump flow rate over 2.5-2.7 L/min~"/m"* to maintain placental perfusion,
short CPB and aortic cross-clamp time, perfusion above 70 mmHg, and hematocrit
over 28% [5, 11].

For some women, particularly in the late second or third trimester, cesarean
delivery immediately before cardiothoracic surgical intervention is the preferred
management option. A common misconception in this scenario is excessive uter-
ine bleeding if CPB and full anticoagulation are performed soon after cesarean
delivery. Post cesarean bleeding is controlled physiologically by myometrial con-
traction and a two-layer suture closure. Preventative and early detection strategies
include leaving the laparotomy open during the cardiothoracic surgery to directly
evaluate and manage any intra-abdominal bleeding, placement of a prophylactic
intrauterine balloon to provide uterine tamponade, or active monitoring of vaginal
bleeding with the use of Allen stirrups [5]. In a case series, twenty-one mothers
who had CPB initiated immediately after cesarean delivery had an average blood
loss of 800 mL. None had excessive bleeding requiring abdominal packing or
hysterectomy, and none used the additional preventative strategies mentioned
above [11].

2.3.4 Fetal diagnosis of Aortopathy

Genetic screening or testing of the fetus is recommended for autosomal
dominant aortopathies due to the high risk of transmission in the offspring. This
information can be used for delivery and neonatal care planning, such as what
level of care is needed, or it can be used by parents to determine whether or not to
continue this particular pregnancy. These conditions include but are not limited to
Marfan syndrome, Ehlers-Danlos syndrome, and Loeys-Dietz syndrome. This can
be accomplished by chorionic villus sampling or amniocentesis. Unfortunately, even
after obtaining fetal or placental cells, diagnosis of Marfan syndrome in the fetus
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may be missed as there are hundreds of mutations that have been identified on the
fibrillin 1 gene, and not all of them have been definitely linked to Marfan syndrome
[7]. Fetal sonographic findings may assist in fetal diagnosis of Marfan syndrome,
such as cardiomegaly, dilated ascending aorta, dilated pulmonary artery, or dys-
plastic atrioventricular valves [7].

2.4 Mode and timing of delivery

Optimal management for the health of the mother and fetus depends on the
size of the aortic aneurysm, presence or absence of aortic dissection, presence
of underlying aortopathy, fetal gestational age, and desires for the pregnancy.
Multidisciplinary counseling and informed consent are essential and complicated.
This section will review best practices for the mode of delivery, including assisted
vaginal or cesarean, and timing of delivery in relation to cardiothoracic surgi-
cal repair.

2.4.1 Mode of delivery

In pregnant women with aortic aneurysms, the mode of delivery depends on the
presence of aortopathy, size, and stability of the aortic aneurysm. Vaginal delivery
is recommended for women with aortic root diameters less than 4 cm. Epidural
for adequate analgesia to help maintain blood pressure and heart rate control is
recommended. Among pregnant women with Marfan syndrome, dural ectasia,
or dural sac dilation, should be ruled out prior to epidural placement as they may
often be asymptomatic in up to 90% of patients with Marfan syndrome [7]. Strict
blood pressure control with antihypertensive medications and an assisted second
stage of labor with either vacuum or forceps is recommended to decrease the risk of
dissection [3].

Cesarean delivery is recommended for women with an aortic root diameter over
4 cm, severe aortic valve regurgitation, significant progression of aortic aneurysm,
or history of a previous dissection or repair [7]. Detailed planning and communica-
tion with anesthesia, cardiology, and cardiothoracic surgery are necessary regard-
less of the mode of delivery.

2.4.2 Timing of delivery

Prior to fetal viability, providers must have a discussion with women about the
option of or recommendation for pregnancy termination. For example, Marfan
syndrome and other aortopathies with an aortic root size greater than 4 cmisan
indication for pregnancy termination due to the significant risk of maternal death
if the pregnancy is continued. If cardiothoracic surgical repair is indicated before
fetal viability, termination of pregnancy should be strongly considered due to
the fetal loss rate of up to 33% and the increased potential for long term neuro-
logic impairment after CPB [12]. The definition of fetal viability is nuanced and
depends on the woman’s personal beliefs, the accuracy of gestational age dating,

a particular state’s legislation, and institutional guidelines. The American College
of Obstetricians and Gynecologists defines the periviable period as between

20 and 25 weeks of gestation. Deliveries under 20 weeks 0 days are defined as
spontaneous abortions. With accurate gestational age dating, there is no survival
of neonates delivered at 20 and 21 weeks. Although there have been significant
advances in neonatal intensive care, individualized and evidence-based conversa-
tions about neonate survival and life without significant neurologic impairment
are essential.
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After fetal viability, the decision analysis shifts to decisions about CPB and
cardiac surgery with the fetus remaining in utero or delivery of the fetus just before
the cardiac surgery. Risks of prematurity include but are not limited to neonatal
death, low birthweight, respiratory distress, and neuro-developmental disabilities.
Before 32 weeks of gestation, maternal administration of intravenous magnesium
sulfate is recommended for fetal neuroprotection to reduce the risk of cerebral
palsy. Before 34 weeks of gestation, corticosteroids are recommended for fetal lung
maturation [13]. While there is no consensus, most experts recommend cesarean
delivery immediately followed by CPB starting at 28-32 weeks of gestation as it
is thought that at this gestational age, the benefits of delivery without exposure
to maternal CPB outweigh the risks of neonatal prematurity [4, 5]. Advances in
neonatal intensive care have improved neonatal survival and a lower gestational age
for delivery may be reasonable (above 25 weeks) if the patient chooses to avoid the
fetal risk of CPB and accept the risks of prematurity.

Before approximately 25 weeks of gestation, surgical repair via CPB with a viable
fetus in utero may be the best management plan. The obstetrician and patient must
then decide whether to monitor the fetal heart rate during cardiac surgery and what
actions should be taken in the event of nonreassuring fetal heart rate, such as perfu-
sion adjustments, intrauterine resuscitation, or delivery. This discussion requires
shared decision making and multidisciplinary planning [5]. If neither urgent
cesarean delivery nor intrauterine resuscitation are available or desired, intraopera-
tive fetal monitoring is not necessary and may cause more harm than benefit. At all
time points throughout the surgery, maternal life should be prioritized as maternal
cardiac arrest or severe hypoxemia will most certainly lead to fetal death or extreme
fetal morbidity. After 20 weeks gestation during a maternal cardiac arrest, the
uterus should be emptied by hysterotomy no later than 4-5 minutes after arrest
to maximize venous return and efficacy of maternal resuscitation efforts. If the
fetus is viable, delivery no later than 4-5 minutes after maternal cardiac arrest and
resuscitation also results in good neonatal outcomes. Tocodynamometry, to monitor
uterine contractions, is generally recommended intraoperatively (when feasible)
and postoperatively. Preterm contractions are common during and after CPB and
may or may not result in preterm labor [5].

2.5 Postpartum care

Equally as important as managing acute complications of aortic aneurysm in
pregnancy is planning for or prevention of the next high-risk pregnancy. This
section discusses optimization of care in the postpartum period after delivery
and options for contraception should the patient desire prevention of another
pregnancy.

2.5.1 Postpartum surveillance

The postpartum period represents a particularly vulnerable timeframe for
women as many of them will lose insurance coverage, neglect to care for themselves
due to focus on their newborn, and are recovering from their delivery and poten-
tially cardiothoracic surgery as well. The physiologic changes of pregnancy do not
immediately return to pre-pregnancy after delivery, and many of the cardiovascular
changes persist beyond the traditional 6 week postpartum period, when most
womens’s insurance companies will terminate their coverage. In a recent cohort-
crossover study, researchers found that the risk of aortic dissection and rupture
remain increased as compared to the general population as long as 1 year after
delivery [14]. This elevated risk of morbidity and mortality emphasizes the need for
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careful coordination of postpartum care and surveillance, including regular follow
up with cardiology and obstetrics and gynecology, careful maintenance of medica-
tion, and routine imaging and lab work.

2.5.2 Contraception

The postpartum period is a critical time to discuss contraception and plans for
childbearing in the future. Unfortunately, due to the medical complexity of these
patients and the effort required to coordinate care effectively, contraception is often
forgotten in the care of the recently postpartum woman with an aortic aneurysm or
aortic dissection during pregnancy. As mentioned earlier in this chapter, the discus-
sion of family planning and contraception has ideally already occurred before or as
soon as women with known aortic aneurysms are able to become pregnant. If this
has not occurred, it is beneficial to discuss contraception during the prenatal course
so that a plan is made for after delivery. If this has not occurred, this discussion
can happen during the postpartum period. Primary care providers, cardiologists,
and cardiothoracic surgeons may not be equipped to discuss the safest and most
reliable contraceptive options with patients, and thus this discussion may be best
suited for the obstetrician/gynecologist. Ideally, cardiologists and surgeons should
become familiar with selective contraceptive methods (such as the progestin-only
injectable) to provide short term so that women with cardiovascular disease do not
conceive before seeing an obstetrician/gynecologist.

The Centers for Disease Control and Prevention developed the US Medical
Eligibility Criteria (US MEC) for Contraceptive Use, which gives standardized
recommendations for each type of contraceptive method in the setting of certain
medical conditions [15]. In patients with complicated valvular heart disease,
estrogen containing hormonal contraceptive methods are contraindicated due to
the increased risk of heart attack and stroke. However, all other methods including
the copper and levonorgestrel IUDs, the etonogestrel implant, the progestin-only
injectable, and progestin-only pills, are considered safe and effective for these
women. Contraceptive counseling should include discussion of a woman’s priori-
ties in different aspects of the contraceptive method, such as efficacy, side effects,
patient autonomy, and future pregnancy plans.

3. Conclusion

Aortic aneurysm in pregnancy is a rare occurrence that leads to increased mater-
nal, fetal, and neonatal morbidity and mortality. Specific changes to women’s physi-
ology and complications unique to pregnancy predispose pregnant women with
aortic aneurysm to aortic dissection; therefore a high index of suspicion is lifesav-
ing. Pregnant women with aneurysms are likely to have an underlying collagen dis-
order or aortopathy and are at even higher risk for aortic root diameter growth and
progression to aortic dissection, rupture, and death. Such underlying conditions
also increase the risk for poor obstetrical outcomes such as uterine rupture, prema-
ture delivery, and maternal hemorrhage. In women who are known to be at-risk for
aortic aneurysm or aortic dissection, management and counseling prior to concep-
tion is essential and should include discussion of highly effective contraception,
surrogacy, and adoption. Management of aortic aneurysm in pregnancy requires
multidisciplinary care, imaging, and medication management. Indicated surgery
should not be withheld simply because of the pregnancy or provider discomfort as
absence of treatment results in worse outcomes. Decisions regarding surgery and
mode and timing of delivery are nuanced, complicated, and require shared patient
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centered decision making, effective communication, and cooperation from multiple
specialists in a tertiary care center. With careful planning, adequate facilities, and

skilled providers, favorable outcomes for mother and baby are possible for patients
who experience aortic aneurysm and dissection in pregnancy.
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