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SUMMARY

Title: Acute aortic dissection

Name: Azra Smajic

Acute aortic dissection is an acute state that potentially could be fatal. It is caused by
the separation of two layers of the aortic wall and allowing blood flow to enter

creating two lumens, one true lumen and one false.

The most common cause of acute aortic dissection are unregulated hypertension,
smoking, aneurysms and male gender. There are also genetic predispositions as

Marfan’s syndrome and Ehlers-Danlos syndrome.

Clinical signs of acute aortic dissection are not always clear and that is why acute
aortic dissection are often misdiagnosed. The most common symptoms described by
patients are severe, sharp pain in the chest and the diagnoses should be suspicions
from the anamnesis. One of the indications are usually the abruptness of the pain.

Acute aortic dissection can proven by computed tomography.

Acute aortic dissections are classified into two groups. This is type A and type B. The
importance of the classification is because this tells us about location of dissection
and the management and treatment options. Acute aortic dissections are treated by
surgery or by medication. Surgery procedure choice depend if the aortic valve is
damaged or not. Bentall procedure, valve sparing aortic root replacement and
thoracic endovascular aortic repair are three most common procedures used for

aortic dissection repair.

Keywords: Acute aortic dissection, Tunica media, Hypertension, Classifications,

Medication, Surgery.



Sazetak

Title: Akutna disekcija aorte

Ime: Azra Smajic

Akutna disekcija aorte je akutno stanje koje je potencijalno smrtonosno. Uzrok je
razdvajanje slojeva aortne stijenke koje posljedi¢no dozvoljava utok krvi te

raslojavanje stijenke uz stvaranje dvaju lumena; pravi lumen i laZzan lumen.

NajCesci uzroci akutne disekcije aorte je neregulirani krvni tlak, puSenje, aneurizmi i

muski spol. Marfanov sindrom i Ehlers-Danlos sindrom su genetske predispozicije.

KliniCki znakovi akutne disekcije aorte Cesto se ne prepoznaju lako, $to moze dovesti
do neispravne dijagnoze. NajCes¢i simptomi su opisani od pacijenata kao
probadajuca oStra bol u prsima i dijagnoza bi se trebala posumnjati od anamneze.
Jedan od indikacija je i iznenadna, naglo nastala bol. Akutna disekcija aorta u pravilu

se dokazuje kompjuteriziranom tomografijom.

Akutna disekcija aorte se klasificira u dvije grupe. Tip A i tip B. Vaznost klasifikacije
je u tome 8to nam ona govori o lokalizaciji disekcije te 0 mogucnostima lije€enja.
Akutna disekcija aorte se lijeci kiruski ili medikamentno. Izbor vrste kiruskog zahvata
ovisi o tome da li je aortna valvula ostecena ili nije. Procedura po Bentallu, zamjena
aortnog korijena uz postedu valvule i torakalni endovaskularni postupak postavljanja

aortnog stent-grafta su naj¢eS¢e metode izbora za popravak aortne disekcije.

Kljucne rijeci: Akutna disekcija aorte, Tunica media, Krvni tlak, Klasifikacija,

Medikamenti, Kirurgija.



1. Introduction

Acute aortic dissection is rare condition but life threatening. It has a lethality rate of 1
to 2% per hour after onset of symptoms in untreated patients. Acute aortic dissection
is defined as the separation of the aortic wall layers. Tears enter in the space
between the intima and media layer and form of a true and false lumen. This can
ensue aortic rupture or impaired blood flow.

The incidence is higher in men and increasing with age. One of the known risk
factors for acute aortic dissection is poorly controlled hypertension which occur in 60-
75% of diagnosed individuals. Other occurring risk factors are pre-existing aortic
diseases or bicuspid aortic valve disease, genetic diseases such as Marfan and
Loeys-Dietz syndromes, history of previous cardiac surgery, trauma to the chest,
cigarette smoking and intravenous drug abuse. [1]

The aorta arises from the left ventricle forming the arch and continuing as the
descending aorta, until the bifurcation into common iliac arteries. The bifurcation is at
the level of the sacroiliac joint. [2]

There are two types of classification for acute aortic dissection, Stanford and
DeBakey.

There are no one sign or symptom that can positively identify acute aortic dissection
and the clinical manifestations are diverse.

Treatment of acute aortic dissection is dependent on type and extension of the
dissection. In type A aortic dissection surgery is the option and in type B aortic
dissection will depend on if it is uncomplicated or complicated because medical

treatment is an option. [1]



2. Risk factors

There are several recognized risk factors for developing acute aortic dissection. Men
are more likely to develop acute aortic dissection than female concerning both type A
and type B dissection. The mean age for the onset is around 65 years. Usually the
patients with type B dissection are older than those with type A.

Hypertension is believed to be one of the more important risk factors because the
presence in about 80% in affected patients. [3]

Another risk factor for acute aortic dissection and aneurysm is smoking. Smokers are
twice as more affected than for non smokers. Aortic dilation is as we can see an
increased risk but not essential but 60% of acute aortic dissection will occur at the
diameter of 55mm. [4]

It is unclear whether atherosclerosis is involved in the development of acute aortic
dissection but what has been seen is that atherosclerosis is more commonly present
in type B dissections than in those of type A. [5]

Diabetes and obesity have no proven association with acute aortic dissection. [6]



Table 1: Risk factors for acute aortic dissection

Accepted from Swiss Medical Weekly, www.smw.ch*

Male sex

Age >65 years
Hypertension
Smoking
Aneurysm

Congenital disorders

Marfan syndrome

Loeys-Distz symndrome
Vascular Ehlers-Danlos syndrome
Bicuspid aortic vahse

Inflasmmatory disease

Aortitis

Giant cell arteritis
Takayasu arteritis

Systemic lupus erythematous

* Gawinecka, j., Schonrath, F., & von Eckardstein, A. (2017). Acute aortic dissection:
pathogenesis, risk factors and diagnosis. Swiss Medical Weekly, 147(3334).



3. Predisposing factors

There are a few genetic diseases and conditions that are predisposing to acute
aortic dissection. Marfan syndrome is a a fibrillin 1 deficiency and animal models
imply that FBN1 mutations causes morphological changes in vascular smooth
muscle cells and releasing of matrix-degrading enzymes that causes elastolysis,
fibre calcification and inflammation. Among patients with type A dissection and
Marfan’s syndrome at the age of 60 the prevalence is around 50%.

Ehlers-Danlos syndrome the vascular type is linked to defects in the synthesis of
type 3 procollagen which regulates the type 1 collagen fibrillogenesis. When there is
abnormal type 1 fibrillogenesis the vascular smooth muscle cell signalling end up in
thinner intima media thickness which will eventually result in increased wall stress
and higher risk of arterial dissection. [7]

Loeys-Dietz syndrome is as well associated with acute aortic dissection. The genes
that are mutated are encoding growth factor 3 and form this syndrome.

Most common cardiovascular malformation is congenital bicuspid valve which is in
general population occurring 1-2% and is a risk factor. The connection of aortic
dissection and bicuspid valve are very similar to those that were described for
Marfan’s syndrome, meaning that vascular matrix remodelling is due to some deficits
of components of elastin, emilin, fibrillin and increased release of matrix
metalloproteinase. [8][9]

Mutations in the subsequent genes, as well as others have been linked to bicuspid
valve and aortic complications. The genes discussed are NOTCH1 (familial and
isolated and left ventricular outflow tract imperfections), TGF3-2 and ACTA2
(bicuspid aortic with familial aortic aneurysm). [10]

The prevalence of aneurysm and aortic dissection with a bicuspid valve and a higher

age for acute aortic complications.



4. Anatomy of aorta

The aorta consists of 3 parts, the ascending aorta, the aortic arch and the
descending aorta. The ascending aorta arises from the left ventricle initially starting
behind the pulmonary trunk. The ascending aorta will the make a curve forming the
aortic arch and continue posteriorly over the root of the left lung reaching all the way
to T4 and then start descend on the left side anteriorly of the vertebral column as the
descending aorta.

The first branches that are risen from the ascending aorta are right and left coronary
arteries.

The aortic arch gives rise to vessels that are supplying head, neck and arms. It starts
with the brachiocephalic trunk which is 2-3 cm long. The brachiocephalic trunk
ascends obliquely towards the right over the trachea and divides to form the right
common carotid and right subclavian artery. On the left part of the aortic arch the
arteries emerging directly from the arch as the left common carotid artery and left
subclavian artery. The aortic isthmus is formed from the level of the left subclavian
artery to connect and become the descending aorta, which consist of the thoracic
aorta and abdominal aorta. [2]

The aorta is an elastic artery, consisting of extracellular matrix, fibroblast-like cells,
endothelial cells, intimal cells,nerves and smooth muscle. There are several layer of
the vascular wall which is called tunica externa, tunica media and tunica intima. The
tiny vessels feeding the tunica externa and tunica media are called vasa vasorum.
They supply the aorta because of the thickness.

The largest components of the vascular wall is the tunica media. Inside the tunica
media we can find smooth muscle and extracellular matrix. The key unit of the aorta
is this elastic lamella which is these two combined. The role of the smooth muscle is
to not dramatically change the diameter when the aorta is active but rather to keep
the stiffness. The elastic matrix consist of elastic fibers, collagens aminoglycans and
proteoglycans. [11][12]



5. Classification of dissection

Aortic dissection is can be classified by two ways. By Stanford classification or
DeBakey.

Stanford classification consist of type A and type B. Type A dissection shows the
involvement of ascending aorta independent of site of the tear and if the distal part is
included. Type B dissection shows the involvement of the aortic arch and/or the
descending aorta without including the ascending aorta.

Debakey classification goes this way. Type | dissection involves ascending to
descending aorta meaning the whole aorta. Type |l dissection include the ascending
and or the the aortic arch without descending aorta. Type Il will only involve the
descending aorta.

There has to be a classification based on the clinical status. Then we mention the
hyperacute which means that 24 or less hours have passed since the beginning of
incidence, acute from 2-7 days, subacute 8-30 days and chronic more than 30 days.
[13]

Classification and identification is one of the key parts in aortic dissection because
based on what class the aortic dissection is further treatment is appropriately
decided.

Treatments will be described in a later section.
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Figure 1. Classification schemes of acute aortic dissection. Reprinted from Acute

Aortic Dissection with permission from Braverman et al.



Figure 2. Contrast computed tomography scan demonstrating acute type A aortic

dissection with enlargement of the ascending aorta and intimal flap (arrow) in the
ascending and descending aorta. Both the true lumen (TL) and false lumen are
opacified with contrast in this example.

Reprinted from Acute aortic dissection with permission from Braverman et al.



Figure 3. Uncomplicated acute type B aortic dissection. Reprinted from

Uncomplicated Acute type B Aortic Dissection: Selection Guidelines for TEVAR.

Emilia et al.



6. Pathophysiology

Aortic dissection result from a tear in the aorta in the intima layer and expose the
medial layer with highly pulsatile blood flow. The most frequent site of tear in the
intima are the segments of the aorta that are exposed to the greatest shear stress.
These sites are the ascending or the proximal part of the descending aorta. The
outcome of this is separation of the wall layers and a formation of false lumen. From
the false lumen the blood can re-entry to the true lumen. [3]

The false lumen can potentially end blindly in a cul-de-sac and create a blood clot. If
the thrombosis occur in the the early stage the thrombosed false lumen is smaller
than the true lumen but if the thrombosis occur in the later stage the false lumen may
become larger than the true lumen. Since the false lumen can grow because of the
blood clotting it can compress the true lumen and create a decrease in systemic

perfusion. The dissection can also spread to the coronary arteries. [14][15]

Aortic rupture is life threatening which occur if the adventitia disrupture. Aortic

disruption leads to rapid blood loss and death. [3]

Looking at the molecular level aortic dissection is the consequence of remodelling of
the aortic wall structure as a reaction of inflammation and extracellular matrix
degradation. Macrophages that are activated and infiltrating the tunica media are
secreting matrix metalloproteinases and proinflammatory cytokines. The collagen
and elastin fibers are degraded rapidly by metalloproteinase-9 and
metalloproteinase-12. These metalloproteinases are involved in the connection of
Marfan’s syndrome and aortic dissection.

It is important to keep in mind that it is not only the increase of activity of
metalloproteinases but the imbalance between them and the inhibitors called tissue
inhibitors. [16][17]

Vascular endothelial neogenesis might also be involved in the aortic wall remodelling
causing the dissection. Primarily VEGF is responsible for vasculogenesis and
angiogenesis but it also promotes proinflammatory actions. [18]

Arterial hypertension that is the silent attacker mentioned previously and one of the

main risk factors of aortic dissection. In can act indirectly as a proinflammatory

10



activator by recruiting macrophages. Patients with hypertension show higher level of
proinflammatory molecules such as metalloproteinase-9, metalloproteinase-2
macrophage chemoattractant protein-1, VEGF and interleukin-6. These all lead

eventually to matrix degradation and finally aortic dissection. [19][20]
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7. Clinical signs and symptoms

Acute aortic dissection will manifest in most patients as a sudden onset of severe
anterior chest pain. The location of the pain point to where the origin of the
dissection is. The most frequently reported symptom is severe ripping, sharp chest
and or back pain occurring up to 85%. The presentation described above is mostly
described with aortic dissection type A. Type B will be presented as pain in the back
or abdomen.

The abruptness of the onset is the most specific symptom for acute aortic dissection.
There can be dissections with no pain as a symptom and these are extremely
difficult to diagnose so they tend to be missed. [1] Painless dissections are more
common in Marfan’s syndrome and in neurologic complications from the disease.
The anterior chest pain may mimic the pain described when myocardial infarction is
the diagnosis and this happens because the dissection in the ascending aorta or the
arch of the aorta and interfering the flow to the coronary arteries. Neck and jaw pain
indicate that the dissection is involving the aortic arch.

If there is tearing pain or ripping pain in the interscapular area the most likely cause
is dissection of the descending aorta.

Aortic dissection could be suspected in patients with symptoms of myocardial
infarction but with normal electrocardiographic (ECG) findings.

In 20% of cases there are neurological deficits. In approximately 5% syncope is
present and may be the result of increased vagal tone, hypovolemia or dysrhythmia.
Cerebrovascular accident (CVA) symptoms include hemiplegia, hemiparesis and

hemianesthesia.

Cardiovascular manifestation include congestive heart failure secondary to acute

aortic regurgitation, including dyspnea and orthopnea. [21]

12



8. Diagnosis

Diagnosis is made by clinical picture and imaging. Acute aortic dissection is a
dynamic process and the spectrum of clinical presentation is wide. As mentioned
above the symptoms that are most commonly described by patients are not
symptoms specifically for the acute aortic dissection but the abruptness is one of the
leading complains that should raise the suspicion. [22]

Chest radiography and 12-lead electrocardiogram may be the first method imaging
technique but the majority of patients do not show any abnormalities in these
examinations.

Transthoracic echocardiography (TTE) is a non-invasive and rapid assessment of
several aortic segments. The disadvantage is that the sensitivity is limited which
mean that even if negative results aortic dissection can not be excluded. Other
disadvantages are patients with pulmonary emphysema, obesity and those on
mechanical ventilation [23].

There are three imaging techniques that have high sensitivity and specificity and
those are transesophageal echocardiography (TOE), contrast-enhanced computed
tomography (CT) and magnetic resonance imaging (MRI) [24].

The portable TOE is an asset in the emergency department in patient that are
hemodynamically unstable but TOE is a technique that needs an experienced
observer otherwise false negatives are of high risk.

MRI is the most precise but rare used imaging technique since its lack of availability.
[25]

Contrast-enhanced CT is the most used imaging technique and provides fast image.
The only disadvantage is the ionising radiation and allergic reaction to the contrast
as well as renal failure [26].

13



9. Types of surgery

There are four types of surgery treatments for aortic dissection type A but here is
going to be discussed three of them, Bentall procedure, valve sparing aortic root
replacement and thoracic endovascular aortic repair.

The Bentall procedure is a surgical procedure where there is a graft replacement of
the aortic valve, aortic root and the ascending aorta followed by the re-implantation
of the coronary arteries into the graft. The Bentall procedure was first described in
1968. [27] Although being used for many years, achieved ultimate goals and saved
lives the procedure still lose the native valve which leaves us with two options, either
mechanical or bioprosthetic valve. For younger patients none are ideal because with
the former the patient is facing lifelong anticoagulation therapy or the risk for
reoperation due to the degeneration of the bioprosthetic valve. [27]

The valve sparing aortic root replacement meaning the replacement of the root
without the replacement of the valve. There are two main techniques, reimplantation
(David procedure) and remodeling (Yacoub procedure). [28]

The valve sparing aortic root is more time consuming and technically more complex
but it has shown to be more long-term favorable as well as lower rates of mortality,
lower reintervention, less postoperative complications and the avoidance of
anticoagulation therapy. [29]

A paper written by Yang et al. that compared the short-term and midterm outcomes
after the David and Bentall procedure showed that the David procedure is more
technically challenging and more time consuming as documented by longer
cardiopulmonary bypass and cross clamp time. Even with these challenges there are
only a few adverse effect. What is interesting is that in this paper the David
procedure was chosen on the significant younger patients with less hypertension.
[30]

Thoracic endovascular aortic repair is a procedure that comprises of placement of an

expandable stent graft within the aorta without operating the aorta directly. [31]

14



10. Treatment of Type A and Type B

The treatment and management will depend on the anatomical location of the

dissection and what type it is.

Acute type A aortic dissection has a high mortality rate, up to 1-2%/hour directly after
onset of first symptom, even up to 50% within 48 hours if it is not operated on. The
treatment of choice is emergency surgical intervention and this is associated with the
most favorable outcomes even in patients that present with unfavorable condition
with major comorbidities.

The mortality rate can vary from hospital to hospital up to 25% according to the
International Registry of Acute Aortic Dissection. Although being so high it is better
than conservative treatment which carries a mortality rate of 60%. [32]

When the diagnosis of type A dissection is made there are some crucial steps to
follow. The patient should be taken to an emergency department and the focus
should be to reduce the shear stress on the aorta. This is made by controlling blood
pressure, heart rate and pain controlling.

When the patient is transported to the tertiary center immediate surgery should be
done. Depending on the extension of the aortic dissection either valve replacement

technique or a valve sparing that was discussed in previous section. [33]

Type B aortic dissection is different from type A dissection because it is divided by
either uncomplicated or complicated dissection.

Complicated type B dissection are the ones with recurrent pain, uncontrolled
hypertension although on treatment, early aortic expansion and malperfusion and
signs of rupture as hemothorax or hematoma of mediastinum.

Most type B dissections are uncomplicated meaning having none of the former
mentioned. The International Registry of Acute Aortic Dissection suggest that
uncomplicated type B dissection should be treated medically rather than surgically.
Medical treatment including pain control, blood pressure and heart rate control and
monitoring if there is any progression. This is a similar manner to the first step in type
A dissection.[34]

15



Complicated type B aortic dissection is different in treatment, it requires urgent
intervention to restore the perfusion and and restore the flow in the true lumen. Since
open surgical repair is extremely demanding and have high in-hospital mortality the
preferred approach is thoracic endovascular aortic repair.

Patient that underwent thoracic endovascular surgery should be followed up first
year after surgery regularly to exclude any complication, this is made by either
computed tomography (CT) or magnetic resonance imaging (MRI) within 6 months
and 12 months. [35]

16



11. Discussion

Acute aortic dissection which is always acute and always have to be considered. Still
knowing the facts and pathophysiology of acute aortic dissection the mortality is still
high preoperatively and postoperatively. Acute aortic dissection is not common but it
is not rare either and the question remaining for years why the outcomes are not as
promising as it could be considering the knowledge and the amount papers
published on the subject.

All the risk factors are not specific for only acute aortic dissection but can be risk
factors for a number of diagnosis. If patients have any of the predisposing factors
such as Marfan’s syndrome, Ehlers-Danlos syndrome or Loeys-Dietz syndrome
where all the risk factors such be avoided such as smoking and hypertension
perhaps these patients should be well informed that they are in higher risk of acute
aortic dissections and any of the previously mentioned symptoms should be
examined by a physician. If not in the category of the predisposing factors the
diagnosis of acute aortic dissection is likely not considered in the differential

diagnosis.

What are common practice in today's developed countries are using non-invasive
methods before proceeding to invasive which is logical, less expensive and safe for
patients. A patient coming with chest pain is to be examined thoroughly.
Echocardiogram is one of the first non-invasive methods being used as diagnostics
and for acute aortic dissection and in an ECG the results will be mostly unspecific.
This being the exclusion point for plenty other diagnosis we should have in mind that
acute aortic dissection may be a player in the field. Another procedure which also
belongs to the non-invasive is transthoracic echocardiography. What was mentioned
in previous section is that this is a procedure which has a debatable sensitivity and
the outcome of not recognizing acute aortic dissection is far more dangerous than
just using the TTE as a sole diagnostic tool.

Contrast-enhanced CT will be the imaging technique that diagnose acute aortic
dissection almost perfectly but what can not be forgotten is that the kidneys are not

spared, especially if the patients have kidney renal or other renal condition.
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When diagnosed and identified what type of dissection the treatments are chosen. In
practice the first step in both dissection type A and type B, initially the aim is to
control the heart rate, blood pressure and pain. Intravenous beta blockers on low
dose so more arterial vasodilators can be added if needed. Oral antihypertensives

are usually introduced the first 24 hours.

If the acute aortic dissection is of type A the further process must be to detect if the
valve is affected or spared. When the valve is affected Bentall procedure is the only
way and have been now used for quite some time and with the progression of
modern medicine this procedure is not as fatal as when first described. The dilemma
for valve option for young and old population is not most obvious. Mechanical valves
are being used as well as prosthetic but the both the adverse effects are present.

If the acute aortic dissection is of the type A and valve sparing both the Daid and

Yacoub procedures have been described with promising results.

Type B are depending on if it is complicated or uncomplicated.
Why type B acute aortic dissection is preferably not operated on is because the
studies has shown that the risk for recovery is higher when treated medically that

with surgery. The reason is not known.

18



12. Conclusion

Acute aortic dissections remain an emergency where the short term and long term
morbidity and mortality is still unacceptably high. The recent technology is improving
the outcomes but perhaps not in the rates we want to and the rates we are
expecting. The connecting steps are the time of the diagnosis and the direct imaging
and conformation to the time of the operation.

What can not be forgotten is that this emergency condition is not the most common

and not the primary diagnosis that the physician have in mind.
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