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Improving outcomes
in acute aortic dissection

ABSTRACT

Aortic dissection remains a serious cardiovascular emergency with significant
early and late mortality and morbidity. Improving outcomes is directly linked
to early clinical diagnosis, swift confirmation by appropriate imaging and
management by dedicated teams with high levels of expertise in a complex

clinical condition.

ortic dissection is defined as disruption of the

medial layer (tunica media) of the aorta as a

result of an intimal tear, leading to separation of

the aortic wall layers and subsequent formation

of two lumens within the aorta; a true and a
false lumen. This can be followed by aortic rupture or
impaired blood flow (malperfusion) to a range of organs
compromised either by an intimal flap or as a result of
compression from the false lumen (i.e. heart, brain, bowels,
kidney and limbs), resulting in a wide spectrum of impact
depending on the affected organ (Hiratzka et al, 2010;
Erbel et al, 2014).

The incidence of diagnosed aortic dissection is 3.5—
6/100000 per year, tends to be higher in men and increases
with age. Interestingly, it is estimated that physicians
suspect the diagnosis correctly in only 15-43% of patients
(Mészdros et al, 2000). Furthermore, aortic dissection is
the cause of death in 1.1-1.5% of cases of sudden death
in non-hospitalized patients undergoing post-mortem
(Mészdros et al, 2000).

The most common risk factor associated with aortic
dissection is poorly controlled hypertension, which is
observed in 65-75% of individuals. Other risk factors
include pre-existing aortic diseases or bicuspid aortic valve
disease, inherited aortic diseases (Marfan, Loeys—Dietz
syndromes), history of previous cardiac surgery, cigarette
smoking, direct blunt chest trauma and intravenous drug
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abuse (Hagan et al, 2000; Januzzi et al, 2004; Hiratzka et
al, 2010; Erbel et al, 2014).

Aortic dissection is classified using either the Stanford
or DeBakey classification (Figure I), both of which separate
dissections into different types based upon their anatomical
location. The Stanford classification divides dissections
into two types, type A and type B. Type A involves the
ascending aorta regardless of the distal extension (DeBakey
types I and II) (Figure 2a) and type B involves only the
aorta beyond the left subclavian artery (DeBakey type IIT)
(Figure 2b) (Hiratzka et al, 2010; Erbel et al, 2014).

Occasionally, a tear or a false lumen can not be
demonstrated in the aorta despite the presence of
haematoma in the media of the aortic wall. This is called
intramural haematoma, defined as a circular or crescent-
shaped thickening of >5mm of the aortic wall in the
absence of detectable blood flow. It is classified and treated
in a similar manner to aortic dissection.

Presentation and diagnosis

When patients present to the emergency department they
can have a range of symptoms. However, abrupt onset of
severe ripping, sharp chest and/or back pain is the most
frequently reported symptom, occurring in up to 85%
of patients with anterior chest pain. This presentation is
more commonly associated with type A dissections whereas
patients with type B present more frequently with pain in
the back or abdomen (Hagan et al, 2000; Hiratzka et al,
2010; Erbel et al, 2014).

The abruptness of its onset is the most specific
characteristic that can help differentiate aortic dissection
from other causes of acute chest pain (Erbel et al, 2014).
Moreover, pain can migrate following the extension of
aortic dissection flap and associated organ injury in up
to 20% of patients (Hagan et al, 2000; Erbel et al, 2014).
Cases presenting with no pain are more difficult to diagnose
and usually tend to be missed (Alter et al, 2015). However,
a thorough history and a low threshold for the inclusion
of aortic dissection in the differential diagnosis can help.

Patients can also have symptoms related to organ injury
secondary to dissection (malperfusion or obstruction) such
as cerebrovascular events, abdominal pain, myocardial
infarction and limb ischaemia. Interestingly, the classical
teaching of pulse deficit only occurs in 15-30% of patients
but where present is pathognomonic. The murmur of aortic
regurgitation can be detected in 12-44% and cardiac
tamponade second to intrapericardial bleeding may be
associated with shock with cardiogenic or obstructive
haemodynamics.
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Chest pain is a very common presentation to the
emergency department. To ensure timely clinical diagnosis
of aortic dissection, detailed history taking, a high index
of clinical suspicion and an understanding that aortic
dissection can mimic several other acute serious conditions
(acute coronary syndrome and pulmonary embolus)
are paramount, as individual signs and symptoms lack
sensitivity and specificity. Without clinical suspicion,
patients are not immediately channelled into an appropriate
imaging pathway, especially as some patients can be
completely asymptomatic when arriving at the emergency
department.

One key issue that impacts on the early diagnosis of
aortic dissection is the fact that most available emergency
department chest pain algorithms are designed primarily
to detect acute coronary syndromes and do not take aortic
dissection into account, resulting in substantially delayed
diagnosis in almost half of cases (Spittell et al, 1993;
Hiratzka et al, 2010; Erbel et al, 2014). This is entirely
understandable given that for every aortic dissection
presenting to the emergency department there will be
about 200 patients presenting with an acute coronary
type syndrome, and more with symptoms of chest pain.
In fact, myocardial infarction and the associated rise in the
troponin level can be present in a considerable number
of patients with aortic dissection; this can be the result
of the false lumen expansion causing the compression of
coronary ostia or the propagation of the dissection flap
into the coronary arteries (Jdnosi et al, 2009; Kelley et
al, 2009). Both troponin elevation and electrocardiogram
abnormalities may mislead the physician to a diagnosis of
acute coronary syndrome and delay proper diagnosis and
management of acute aortic dissection (Spittell et al, 1993;
Hansen et al, 2007).

As clinical diagnosis can be elusive it would be ideal
if there was a biochemical marker that could be used as a
diagnostic tool. D-dimer measurement can be useful as its
level is immediately typically very high in aortic dissection,
compared with other disorders such as pulmonary embolus
where the D-dimer level tends to increase gradually
(Sutherland et al, 2008). However, D dimer is not sensitive
or specific enough to make it practically useful as a ‘rule
in or rule out’ test.

A range of markers have been investigated, such as
o-smooth muscle actin, smooth muscle myosin heavy
chain, soluble elastin fragments and polycystin-1, with
some success but so far none of these has translated into
routine clinical practice (Ranasinghe and Bonser, 2010;
Peng et al, 2015).

In 2010 the American College of Cardiology /
American Heart Association proposed a risk assessment
and scoring system based on predisposing conditions,
pain features and clinical examination that divides
patients into three categories based on the probability of
aortic dissection (7zble 1) (Hiratzka et al, 2010). Proper
adoption of such a scoring system in the emergency
department is the key to prompt and appropriate triaging
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Figure 1. Classification of aortic dissection.

DeBakey Type | Type Il
Stanford Type A Type A
v v

7 7

{

Type lll
Type B

Figure 2. Axial computed tomography scan view of (a) ascending aortic dissection

and (b) descending aortic dissection.
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of patients toward the most suitable diagnostic modality
for confirmation of diagnosis. Moreover, developing
teaching programmes in local emergency departments
and the dissemination of approved protocols to educate
medical staff to appreciate that pain associated with
aortic dissection can be transient or absent and to
dispel the common misconceptions based on historical
teaching of aortic dissection can play an important role
in improving outcomes by facilitating correct diagnosis,
early and prompt referral to specialist services leading
to improved outcomes (Kung et al, 2007; Harris et al,
2011; Alter et al, 2015).

Imaging

Once aortic dissection is suspected, the patient should
undergo suitable imaging to make the diagnosis as quickly
and accurately as possible. Imaging can also provide a
comprehensive assessment of the entire aorta including
diameters, shape, dissection flap extent, and aortic valve
and aortic branch involvement.
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Table 1. Clinical data to assess the probability of acute aortic

dissection

High risk conditions

High risk features

High risk

examination features

Marfan syndrome or other connective tissue diseases
Positive family history of dissection

Known thoracic aortic aneurysm

Previous aortic intervention

Chest, back or
abdominal pain
described as follows:

Abrupt onset
Severe intensity
Ripping

Evidence of Pulse deficit

malperfusion . )
Systolic blood pressure differences
Neurological deficit

New aortic murmur

Hypotension or shock

Based on American Heart Association guidelines (Hiratzka et al, 2010)

The role of plain chest radiograph is limited. Chest
radiograph cannot diagnose aortic dissection, but a
proportion of patients with suspected aortic dissection have
an abnormal chest radiograph that can direct physicians
toward suspecting aortic dissection. However, it should be
omitted in unstable patients to avoid delays in performing
more specific imaging modalities (Erbel et al, 2001).

Computed tomography, magnetic resonance imaging and
transoesophageal echo are equally reliable in the diagnosis
of aortic dissection. Computed tomography and magnetic
resonance imaging are superior to transoesophageal echo
because they offer assessment of extension and branch
involvement. Although transoesophageal echo does give
functional information about the aortic valve and cardiac
function, this is now a routine part of intraoperative care
once the diagnosis is made (Nienaber et al, 1993; Shiga
et al, 20006).

Computed tomography is currently the most commonly
used imaging modality because of its speed, availability
and high sensitivity and specificity. A multi-slice computed
tomography with and without contrast should be used
to perform the examination in combination with cardiac
gating and three-dimensional reconstruction to allow
careful evaluation of both the aorta and its branches
(McMahon and Squirrell, 2010; Abbas et al, 2014).
Optimum imaging is achieved by contrast administration
via the right arm as this reduces the streak artefact in the
region of the brachiocephalic vein. If there is no alternative
but to use the left arm vein, a saline bolus can be used in
addition to the contrast to minimize the streak artefact
from the inferior vena cava.

Gated computed tomography scanning can significantly
improve accuracy by timing the acquisition of the images
to the cardiac cycle and reducing artefact from the base of

the aortic root caused by both valvular and cardiac motion.
This can overcome one of the challenges for the radiologist,
which is the potential for overdiagnosis of dissection on
standard computed tomography (Meyersohn et al, 2015).
The scan should cover the whole of the aorta from the root
to the bifurcation so if there is a dissection it can be tracked
in its extent, particularly assessing the great vessels of the
arch and the vessels arising in the abdomen.

Clinicians should have a low threshold for using
other modalities such as magnetic resonance imaging
or transoesophageal echo in cases where computed
tomography cannot confirm or rule out the diagnosis (<5%)
(Hagan et al, 2000; Erbel et al, 2014). Transoesophageal
echo gives particularly clear views of the aortic root and can
be extremely useful when there is diagnostic uncertainty or
in unstable patients with high suspicion of aortic dissection
as it can be carried out in the operating theatre or intensive
care, although it does require operator expertise (Nienaber
etal, 1993). However, a significant number of patients will
require multiple imaging modalities to establish the correct
diagnosis and plan the extent of surgical intervention. The
International Registry of Acute Aortic Dissection reported
that more than 50% of the patients in the registry required
multiple imaging modalities such as computed tomography
and echocardiography, suggesting that the diagnosis of
acute aortic dissection cannot be excluded confidently
based on negative findings of a single test. Another imaging
test is strongly recommended if the initial diagnostic test
does not identify aortic dissection when the diagnosis is
strongly suspected clinically (Moore et al, 2002).

A one-step 64-slice or higher multi-detector computed
tomography examination for chest pain — a ‘triple rule-
out’ protocol to evaluate patients with acute chest pain
in the emergency department — has been proposed to
investigate the main three potential major causes: aortic
dissection, pulmonary embolus and coronary artery disease
(Gallagher and Raff, 2008). Different studies of triple rule-
out computed tomography angiography for chest pain have
demonstrated that it can provide a cost-effective evaluation
of the coronary arteries, aorta, pulmonary arteries and
adjacent intrathoracic structures for the patient with acute
chest pain, especially in patients judged to have low to
intermediate increased risk for acute coronary syndrome,
and whose chest pain symptoms might also be attributed
to acute pathological conditions of the aorta or pulmonary
arteries (Gallagher and Raff, 2008; Shapiro, 2009; Yoon
and Wann, 2011).

Management of aortic dissection

Most of the contemporary evidence concerning the
treatment of aortic dissection has been derived from the
International Registry of Acute Aortic Dissection (Hagan
et al, 2000) with similar supporting evidence from the
German Registry for Acute Aortic Dissection Type A
(Conzelmann et al, 2011; Rylski et al, 2014). Treatment
depends very much on the anatomical location and the
type of dissection (Hagan et al, 2000; Erbel et al, 2014).
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Type A aortic dissection

Acute type A aortic dissection is associated with a
mortality rate of 1-2%/hour immediately after the onset
of symptoms (50% within the first 48 hours if not operated
on) (Hagan et al, 2000). Emergency surgical intervention
is the treatment of choice in acute type A aortic dissection
and is associated with more favourable outcomes, even
in patients with unfavourable presentations and/or major
comorbidities (Hagan et al, 2000; Hiratzka et al, 2010;
Pocar et al, 2010; Conzelmann et al, 2011; Tsukube et
al, 2011). Mortality rates can vary in different units,
but the reported overall in-hospital mortality of patients
undergoing surgery for type A aortic dissection in the
International Registry of Acute Aortic Dissection is 25%.
Despite being high, this remains significantly better than
conservative management which carries mortality rates of
60% (Perko et al, 1995; Hagan et al, 2000; Trimarchi et
al, 2005). It is important to note that the mortality rates
from the International Registry of Acute Aortic Dissection
registry include returns from different units and although
they present a real world picture, specialized units with
large volume and great expertise have reported much
lower in-hospital mortality (10-15%) (Bavaria et al, 2001;
Yekeler et al, 2005).

Upon confirmation of type A aortic dissection at a
community hospital, the patient should be transferred
to an area which offers critical care services (monitored
bed, oxygen and direct nursing care) such as an emergency
department resuscitation area or a critical care unit. Initial
medical treatment should be focused on reducing shear
stress on the aorta by controlling pain, blood pressure
and heart rate and prompt referral to a specialist centre
for definitive management. Pain can be controlled by the
administration of opioids such as morphine while blood
pressure and heart rate can be controlled by intravenous
beta-blockers with some alpha effects such as labetalol,
aiming for a systolic blood pressure of 100-120 mmHg
and heart rate of 60 beats/min (Hiratzka et al, 2010; Erbel
etal, 2014) (Figure 3). Swift transfer of the patient should

Figure 3. Initial management algorithm for patients with acute
type A aortic dissection.

Rate or pressure control
Intravenous beta blockers (labetalol)
(If beta blockers are contraindicated, substitute diltiazem or
verapamil)

Titrate to heart rate <60 beats/min
+

Pain control
Intravenous opiates

Titrate to pain control

+

Immediate surgical referral
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be arranged promptly by an emergency ambulance with
paramedic crew present and a trained transfer doctor (with
airways and circulation skills) escort for patients who are
unstable or requiring inotropic support.

Upon arrival at the tertiary centre, the patient is moved
to the operating room and monitored invasively using
bilateral arterial lines (which are placed depending on the
configuration of the dissection flap), central venous line,
near-infra red spectroscopy and transoesophageal echo. The
first step is to establish cardiopulmonary bypass in a safe
and effective manner, considering the extent of the planned
surgical intervention. There are different surgical options
based on the extent of the dissection, involvement of the
aortic valve and surgical expertise. These options can vary
from interposition graft replacement of the ascending aorta
(Figure 4) with or without valve repair or replacement,
composite root replacement and valve-sparing techniques
(David or Yacoub operations) (Hagan et al, 2000; Hiratzka
etal, 2010; Erbel et al, 2014). Aortic valve replacement is
needed in 20-25% while the rest of the patients presenting
with aortic regurgitation can be managed by valve repair
(resuspension) (Erbel et al, 2014). Most patients will have
the distal anastomosis fashioned using an open technique
(no cross clamp) and the surgery will include hemi arch
or total arch replacement under deep hypothermic arrest
which necessitates the use of techniques to manage cerebral
perfusion during repair (Conzelmann et al, 2011; Kriiger
et al, 2011; Erbel et al, 2014).

Patients presenting with evidence of visceral
malperfusion in acute type A dissection may benefit from
extended surgery or endovascular intervention in order
to close the primary entry tear and decompress the false
lumen. However, this can be technically demanding and
associated with increased morbidity and mortality, and
alternative methods such as septal fenestration techniques

Figure 4. Schematic intraoperative image of ascending aortic dissection.

a. Pre-surgery. b. Post-interposition graft replacement.
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€ 6 Patients undergoing surgical intervention

on the thoracic aorta should be followed
up regularly, particularly in the first year
after surgery. 99

can be used to decompress the false lumen and establish
flow to visceral vessels (Williams et al, 1990; Erbel et
al, 2014). Similarly, limb ischaemia not reversed by the
primary operation may require concomitant vascular
reconstruction such as femoro-femoral bypass to alleviate
the malperfusion.

New data have emerged to support a potential role for
endovascular stenting in a small selected group of patients
with limited type A aortic dissection and favourable
anatomy who are deemed very high risk for conventional
surgery (Roselli et al, 2015), and this is likely to be an
area of development in the future. Some groups have
also advocated more extensive primary surgery to include
complete arch replacement as primary therapy or the use
of interval endovascular stenting of the descending thoracic
aorta to treat the distal aorta either concomitantly or during
the same hospital stay (Chen et al, 2010, 2016; Martin et
al, 2016).

Type B aortic dissection

Type B aortic dissection can be divided into uncomplicated
or complicated. Complicated dissections are associated with
persistent or recurrent pain, uncontrolled hypertension
despite optimal treatment, early aortic expansion,
malperfusion, and signs of rupture such as haemothorax
or mediastinal haematoma (Hiratzka et al, 2010; Erbel et
al, 2014).

Most type B aortic dissections are uncomplicated
and evidence from the International Registry of Acute
Aortic Dissection suggests that such patients will benefit
from medical treatment rather than surgery which can
be associated with significant morbidity and mortality.
Medical treatment should be directed towards controlling
pain, heart rate and blood pressure with close surveillance
to identify signs of disease progression that may require
endovascular intervention (thoracic endovascular aortic
repair) (Hagan et al, 2000; Nienaber et al, 2013). These
procedures are usually carried out in specialist theatre
facilities (hybrid) that can provide advanced imaging
modalities and allow concomitant open and endovascular
interventions to be carried out if needed.

Initially, patients should be treated in a similar manner
to acute type A aortic dissection (as discussed above) in a
high dependency unit aiming to control heart rate, blood
pressure and pain. Intravenous B-blockers are started
immediately with a low threshold for adding more arterial
vasodilator if needed. Oral antihypertensives are usually
introduced within the first 24 hours of presentation and
doses titrated according to blood pressure (Erbel et al,
2001). Patients can be discharged once blood pressure is
controlled and they are pain free. Upon discharge, patients

are advised against strenuous activities and informed to
attend the emergency department if they have any new
onset of chest pain or back pain or any symptoms that
could be related to malperfusion syndrome such as
claudication or abdominal pain.

It is recommended that patients are monitored carefully
over the first year after the event (3—6-month intervals) then
yearly if they are stable. Assessment should include clinical
assessment and imaging of the aorta (usually a computed
tomography scan) (Erbel et al, 2014). There are no clear
recommendations about antiplatelet or anticoagulation
medications in patients with type B aortic dissection
(Lachat et al, 2008), so the authors’ strategy is to restart
patients on their regular antiplatelet or anticoagulation
medication early.

Complicated type B aortic dissection, on the other
hand, requires urgent intervention to restore normal blood
flow in the true lumen and improve distal perfusion. Open
surgical repair of type B aortic dissection is extremely
demanding and outcomes remain suboptimal despite
refinement of techniques, with in-hospital mortality that
can be as high as 50% (Fattori et al, 2008; Grabenwoger
et al, 2012). Thoracic endovascular aortic repair is the
preferred approach over open surgery, with associated 30-
day mortality of 8% and stroke and spinal cord ischaemia
of 8% and 2% respectively (Grabenwoger et al, 2012).
However, although recommended by different steering
bodies in Europe and USA, thoracic endovascular aortic
repair remains underused in the UK because of limited
expertise and variability in providing ad-hoc out of hours
endovascular services.

Patients undergoing surgical intervention on the
thoracic aorta should be followed up regularly, particularly
in the first year after surgery, with the first follow up
performed 1 month post-intervention to exclude any early
complications. This is followed by regular surveillance
with either computed tomography or magnetic resonance
imaging within 6 months, 12 months and then yearly to
monitor for late complications such as aneurysmal changes
in the remaining aorta (Raudkivi et al, 1989; Erbel et al,
2014).

A major step toward improving outcomes in aortic
dissection surgery starts with appreciating the fact that
most patients are diagnosed in peripheral hospitals and
transferred to the nearest cardiac centre for definitive
treatment which means that they may undergo surgery
by a team with limited experience in initial management
or even advanced adjunctive techniques such as different
arterial cannulation techniques, cerebral protection, valve
reconstruction and extended procedures. This may impact
on both early and late mortality and morbidity as a large
body of evidence is emerging to support the notion that
favourable outcomes in aortic surgery are related to volume
and expertise. Thus, there is a need to concentrate expertise
within established programmes of aortic surgery. Specific
on-call arrangements are needed for multidisciplinary
aortic teams which should include dedicated surgeons,
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anaesthetists, scrub team and endovascular interventionists,
allowing patients to benefit from the volume—outcome
relationship (Iribarne et al, 2015).

Conclusions

Aortic dissection remains a serious cardiovascular emergency
where short- and long-term mortality and morbidity are
significant and in need of improvement. Recent clinical and
technical advances have improved mortality over the years,
but the average operative mortality remains unsatisfactorily
high. Improving outcomes is directly linked to early clinical
diagnosis, swift confirmation by appropriate imaging and
management by dedicated teams with high expertise in
such a complex condition. The principle of arrangements
between local hospitals and aortic specialized centres to
allow immediate direct transfer of patients with suspected
diagnosis of aortic dissection based on validated scoring
systems seems appealing. However, it is important to
recognize that not all patients will have dissection and some
will need a more general medical presence that some super-
specialized centres may lack.

High-quality studies to address the effectiveness, safety
and cost benefit of such a strategy are required to improve
outcomes of patients with type A aortic dissection without
denying appropriate treatment for other patients. BJHM
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