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ABSTRACT
Acute type A aortic dissection (ATAAD) is still one of the most challenging diseases that cardiac sur-
geons encounter. This review is based on the current literature and includes the results from the
Nordic Consortium for Acute Type-A Aortic Dissection (NORCAAD) database. It covers different aspects
of ATAAD and concentrates on the outcome of surgical repair. The diagnosis is occasionally delayed,
and ATAAD is usually lethal if prompt repair is not performed. The dynamic nature of the disease, the
variation in presentation and clinical course, and the urgency of treatment require significant attentive-
ness. Many surgical techniques and perfusion strategies of varying complexity have been described,
ranging from simple interposition graft to total arch replacement with frozen elephant trunk and
valve-sparing root reconstruction. Although more complex techniques may provide long-term benefit
in selected patients, they require significant surgical expertise and experience. Short-term survival is
first priority so an expedited operation that fits in with the surgeon’s level of expertise is in most cases
appropriate.
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Introduction

Acute aortic dissection is a rare life-threating condition of
the aorta, and is associated with significant morbidity and
mortality [1]. The most lethal of dissections involves the
ascending aorta and is commonly referred to as acute type
A aortic dissection (ATAAD) (Figure 1(a)). Unless prompt
surgical repair is performed, the patients usually die from
complications related to the dissection, including rupture of
the aorta, pericardial tamponade, aortic regurgitation, end-
organ malperfusion, or acute heartfailure [2,3].

This review has been written by nine cardiothoracic sur-
geons who have participated in the Nordic Consortium for
Acute Type-A Aortic Dissection (NORCAAD) collaboration,
which assembled a cohort of 1159 ATAAD patients who were
operated at eight Nordic university hospitals between 2005
and 2014 [4]. For ATAAD, as with most surgical emergencies,
there have been few randomized trials providing evidence for
optimal management [5]. Thus, contemporary, sizeable, mul-
ticenter observational registries, of which NORCAAD is an
example, stand out as important sources of information. This
review covers different aspects of ATAAD, including

epidemiology, pathophysiology, and surgical treatment, and
concentrates especially on the NORCAAD studies that have
been published so far [6–13]. We searched the PubMed and
MEDLINE databases using the search terms “dissection,”
“aortic,” “ascending,” and “type A.” In this review, we mainly
focus on articles on epidemiology, classification, pathophysi-
ology, risk factors, clinical presentation, diagnostic imaging,
biomarkers, treatment, complications, and long-term follow-
up of ATAAD that have been published in the past 10 years.

Definitions and classification systems

Dissection of the aorta occurs when the aortic media is sepa-
rated, usually by pulsatile flow that penetrates the intimal
layer of the aortic wall [14] (Figure 1(b)). This allows blood to
flow between the layers of the aortic wall, forcing the layers
apart, creating a false lumen parallel to the native (i.e. true)
aortic lumen (Figure 1(b)). Consequently, the false lumen can
propagate in both directions from the tear of intima and affect
most of its distal branches, including the coronary, cerebral,
and mesenteric arteries [15]. Another-but less common-
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mechanism for aortic dissection is a bleeding into the aortic
wall without an intimal tear, often called intramural hema-
toma [16]. Finally, traumatic dissections occur from tears of
the intima secondary to injury, which is most often iatrogenic,
such as during percutaneous coronary intervention (PCI),
cardiac catheterization, arterial cannulation for cardiopul-
monary bypass (CPB), cross-clamping of the aorta during
open heart surgery, or during cardiovascular interventions,
such as endovascular aneurysm repair (EVAR), transcatheter
aortic valve implantation (TAVI), or insertion of an intra-aor-
tic balloon-pump (IABP) [17,18]. Although it is debated, in
most instances, the recommended treatment for intramural
haematomas and iatrogenic dissections of the thoracic aorta is
similar to that for the more common conventional and non-
traumatic tear AATADs. Intramural haematoma, ruptured
aneurysms and non-traumatic and iatrogenic dissections con-
stitute what is collectively referred to as acute aortic syndrome
(AAS) [16,17].

Most dissections of the thoracic aorta present with acute
symptoms, although the definition of acute aortic dissection
is still debated [19]. ATAAD is usually defined as a dissection
that is diagnosed within 14days after onset of symptoms, but
definitions using time frames of 30 or 90days (subacute dis-
sections) have also been used [20–22]. The much less com-
mon chronic type A aortic dissections usually represent a

subset of patients who were not diagnosed at the time of
onset due to absence of symptoms or atypical symptoms and
who remained stable until eventually diagnosed [19]. Chronic
dissections are often treated with elective surgical repair and
will not be discussed further in this review.

The most commonly used classification for aortic dissec-
tions is the Stanford classification system, introduced in 1970
(Figure 1(a)) [23]. Stanford type A dissections involve the
ascending aorta proximal to the innominate artery (brachioce-
phalic trunk), regardless of extension into the aortic arch or
the descending aorta. Stanford type-B dissections involve only
the thoracic aorta below the left subclavian artery [3,17]. The
Stanford classification is not a classification of the tear site.
Consequently, an intimal tear distal to the left subclavian
artery with retrograde dissection into the ascending aorta will
be classified as being type A. By analogy, intimal tear and dis-
section originating in the aortic arch will be classified as being
type A if extending into the ascending aorta, and as type-B if
extending into the descending aorta, and as non-A non-B if
contained in the arch only [3,17]. According to the modified
DeBakey classification from 1982, both DeBakeytype-I and
type-II dissections involve the ascending aorta, but type I
extends beyond the innominate artery, while type II is located
entirely in the ascending aorta (Figure 1(a)) [23]. Thus,
Stanford type A dissections include both type-I and type-II
DeBakey dissections and Stanford type-B dissections are
defined as DeBakey type-III dissections. The Stanford classifi-
cation is clinically useful, to guide acute management, whereas
the DeBakey classification is more informative for long-term
follow-up, since it differentiates between proximal and distal
aortic involvement.

The Penn classification is a recent method of categorizing
type A dissections by their clinical presentation [24–26].
Class Aa is characterized by the absence of branch vessel
malperfusion or circulatory collapse, and class Ab by symp-
toms or signs of localized organ ischaemia. Class Ac is char-
acterized by circulatory collapse, with or without cardiac
involvement, and class Abc is characterized by localized and
generalized ischaemia combined.

Epidemiology

ATAAD accounts for 58–62% of all aortic dissections
[27,28]. The total case-fatality rate of ATAAD is estimated
to be 73% and pre-hospital death up to 49% [29].
Historically, the incidence of ATAAD has been reported to
be 2.5–6 per 100,000 patient years, reaching its peak during
the seventh and eighth decades of life [27,29–34]. Howard
et al. found that 35% of all aortic dissections occur in
patients who are older than 75 years [29], and age has been
identified to be an independent predictor of aortic dissec-
tion [27]. The increasing age of the population is probably
contributing to the higher incidence (8.7 per 100,000 patient
years) recently reported by Landenhed et al. (2015) [28],
and as a consequence of the increasing life expectancy it has
been estimated that the proportion of dissections in patients
over 75 years could reach 50% by 2030 and 57% by
2050 [29,32].

Figure 1. (a) Types of aortic dissection according to the Stanford classification
system (shown at top) and the DeBakey classification system (shown at bot-
tom). (b) Intimal tear and propagation of the dissection between the media
and intima layers of the ascending aorta. Drawings: Hj€ord�ıs Bjartmarz.
Copyright #Tomas Gudbjartsson.
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Risk factors

The most important risk factors for ATAAD are presented
in Table 1. Men are over-represented and constitute
62–68% of all patients with surgically treated ATAAD
[3,12,33]. However, women tend to present with their dis-
section at a higher age and constitute the majority of
patients over 75 years [27,35]. Hypertension has been
reported in 67–86% of patients with ATAAD, and is
together with smoking and atherosclerosis independent pre-
dictors of ATAAD [3,27,28].

Iatrogenic aortic dissections account for 1–5% of ATAADs
[12,19,27]. ATAAD during pregnancy is uncommon; it usually
occurs either during the last trimester or in the puerperium,
and is often associated with connective tissue disease [36].

In the NORCAAD registry, 8% of the patients have a fam-
ily history of aortic dissection [4] and it has been reported that
20% of patients with ATAAD have a first-degree relative with
a dilated thoracic aorta [37]. It has been suggested that aneur-
ysms localized in the ascending aorta are more often associated
with hereditary conditions, whereas descending aortic aneur-
ysms more often form as a result of atherosclerosis, advanced
age, and hypertension [38,39].

Marfan syndrome (MFS) is a monogenic autosomal domin-
ant disorder caused by a mutation in the FBN1 gene, encoding
the protein fibrillin-1. MFS patients typically present with a
pear-shaped aneurysm of the aortic root. The cardiovascular
manifestations of the disease are caused by the loss of the abil-
ity of fibrillin-1 protein to form polymeric fibrillins, leading to
diffuse medial degeneration with subsequently reduced
strength and integrity of the elastin-rich tissue of the aortic
wall. All medium-sized and large arteries in MFS patients are
at risk of dissection [38]. MFS has been reported in 3.4–6.7%
of ATAAD patients in the large registries [12,19,27], and in
the NORCAAD registry the proportion is 4% [4,11]. Fibrillin-

1 also appears to have a regulatory role by interaction with tis-
sue growth factor-b (TGF-b), which controls cell differenti-
ation, motility, and proliferation [38]. A mutation of the gene
TGFBR1 or TGFBR2, encoding TGF-b, is also the cause of
Loeys-Dietz syndrome, which is associated with a disseminated
arteriopathy with central and peripheral dissections [38].

Ehlers-Danlos syndrome has been reported in 0.6% of
patients with ATAAD in the GERAADA registry [40]. It
includes various genetic defects affecting the biosynthesis or
structure of collagen type I, II, and V. Among the six major
different Ehlers-Danlos subtypes, the vascular subtype—
together with the vascular-like subtype—are of special inter-
est in the context of aortic disease as these impact
Procollagen type III and Procollagen type I, respectively.
The clinical and vascular outcome of these subtypes depends
on the genotype and phenotype correlations [41].

Non-syndromic hereditary causes of ATAAD include
familial thoracic aneurysms and dissections (FTAAD),
resembling the aortic manifestations of Marfan syndrome.
These are caused by several different mutations in the gene
encoding fibrillin-1, with consequential loss of elastic fibres
and cystic medial degeneration [38]. The presence of a
bicuspid aortic valve (BAV) was reported in 6% of ATAAD
cases in the NORCAAD registry [12,42] which is markedly
higher than in the normal population (0.5–1%) [38].

Inflammatory conditions of the aorta, including aortitis
and vasculitis, may be associated with degeneration of the
medial and adventitial layers of the aortic wall [43]. Both
immunoglobulin G4 and complement 4d have been reported
to be involved in the pathogenesis of aortic dissection
[44,45], whereas giant-cell and Takayasu arteritis are associ-
ated with a T-cell-mediated inflammation of the vasa vasori,
potentially leading to aneurysm formation and fibrotic sten-
osis of the aorta [46].

Clinical presentation

Aortic type A dissection is characterized by a sudden,
intense chest pain sometimes described as “ripping” or
“tearing”; this occurred in 85% of patients in NORCAAD
[17]. The pain is usually located retrosternally or subster-
nally, and may propagate in a distal or proximal direction
as the dissection evolves. The aortic adventitia is innervated
with autonomic afferent nerve fibres, and the intimal tear
and disruption of the media results in intense pain of vis-
ceral character (Figure 2(a)) [47]. The severity and presenta-
tion of symptoms usually leads to immediate contact with
healthcare. In rare cases, the dissection presents with less
symptoms and is revealed in a subacute phase, or leads to
sudden death [17].

In one-third of the patients, the symptoms are accompa-
nied with malperfusion due to impaired flow in end-organ
arteries [48]. Lower-extremity malperfusion and pulse deficit
are easily detected clinically, while signs of intestinal and renal
ischaemia (Figure 3(a)) may be more difficult to detect in the
acute phase. In rare cases, cerebral ischaemia (Figure 3(b)) or
paraplegia are the first presenting symptoms of acute aortic
dissection [3]. ECG may show signs of cardiac ischaemia or

Table 1. Major risk factors for aortic dissection.

Lifestyle and cardiovascular risk factors
Hypertension
Age
Dyslipidemia
Smoking
Cocaine abuse
Pregnancy

Congenital and connective tissue disorders
Bicuspid aortic valve
Marfan syndrome
Ehlers-Danlos syndrome
Loeys-Dietz syndrome
Turner syndrome
Familial thoracic aneurysm and dissection

Iatrogenic
Coronary catheterization
Intra-aortic balloon pumps
Arterial cannulation during cardiac surgery
Aortic cross-clamping during cardiac surgery

Vascular inflammation
Giant-cell arteritis
Takayasu arteritis
Behcet’s disease

Infectious disease
Syphilis
Tuberculosis

Trauma
Deceleration injuries
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non-specific ST and T-wave alterations, and occasionally
coronary flow may be impaired due to coronary ostia dissec-
tion [49].

Acute chest pain may a lead to the suspicion of acute
coronary syndrome, and as the electrocardiogram (ECG) may
indicate ischaemia, patients are given anti-thrombotic
treatment and transported to coronary intervention units,
leading to delay in correct diagnosis and perioperative bleed-
ing complications The characteristic hyperacute onset of chest
pain may differentiate aortic dissection from other conditions.
In the subacute phase, the symptoms may be related to aortic
insufficiency or pericardial effusion in patients with a recent
history of chest pain. In more rare instances, aortic dissection
may appear as a hemorrhagic pericardial tamponade (Figure
3(c)), which should lead to the suspicion of aortic dissection
(until proven otherwise) [14].

Diagnosis

Prompt diagnosis based on early suspicion of ATAAD is
mandatory for successful treatment. Conventional chest
X-ray can show a wide mediastinum, which is not specific
for diagnosis [27]. The quickest and most accurate method,
however, of confirming the diagnosis is CT scanning of the
aorta [50]. The aim is to visualize the true and the false
lumen of the aorta during dissection, to identify tears of the
intima in-between the lumen, and to evaluate the extent of
the dissection and the involvement of the branching arteries
of the aorta including the arch vessels (Figure 2(b)). CT also
aids in the planning of the surgery and cannulation sites.
The sensitivity and specificity of CT are excellent [50], but
in patients with poor renal function or allergy to iodinated
dye, CT angiography is questionable and other imaging
modalities such as magnetic resonance imaging (MRI) or
ultrasonography can be considered instead. On the other
hand, MRI is seldom used-as it is too time-consuming and

still often unavailable, but it may complement CT
angiography in follow-up imaging of the aorta [51].

Transthoracic echocardiography (TTE) reveals the
functional state of the heart, valves and aortic root, and can
show dilatation of the aorta and pericardial effusion and tam-
ponade, but it is associated with poor visibility in the obese, in
patients with chest deformities, and in patients on mechanical
ventilation [52]. More detailed information is obtained with
TEE, especially for detection of pericardial effusion and aortic
valve regurgitation, and often identification of the primary
intimal tear in the aortic root. In expert hands, TEE is a
powerful diagnostic tool, and its sensitivity and specificity
approach 100% [52,53]. Coronary angiography is not indicated
as a primary diagnostic method for ATAAD, but sometimes it
is detected at coronary angiography, when acute coronary
syndrome (ACS) is initially suspected. In highly specialized
centres, coronary angiography is performed as part of a
complete work-up done in a hybrid suite, immediately before
open surgery, as up to 30% of ATAAD patients have unknown
but significant coronary artery disease that may warrant
treatment and affect outcomes [54].

Treatment

Medical treatment

Treatment of ATAAD mainly entails open surgery, but
medical treatment, anaesthesia, perioperative care, and
interventional procedures all have significant roles in
management. In each of these areas, there are new
approaches of interest, and ongoing controversy and debate.
However, aspects of medical treatment, anaesthesia, and
novel endovascular approaches are beyond the scope of
this overview.

Based on its dismal natural course, with an estimated
overall case-fatality rate of 73% [29] and, in the modern era,

Figure 2. (a) Acute type-A dissection seen intraoperatively with typical appearance where blood can be visualized underneath a thinned out adventitia of the ascending aorta.
(b) Preoperative CT scan of the same patient. Photos: T�omas Gudbjartsson.
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an in-hospital mortality rate of 58% in patients presented
for but not receiving surgical treatment [27], there is a gen-
eral consensus that emergency open surgical repair is the
standard of care in ATAAD [55].

Pre-hospital death actually occurs in 18–49% of patients
with ATAAD [29,30,32,33] and for those patients who
decline surgical treatment or are not offered surgery, opti-
mal medical treatment aims to suppress systolic blood pres-
sure to 110mmHg, thus reducing stress on the aortic wall
[18]. However, mortality in medically treated patients
increases by 1% to 2% for every hour after onset of symp-
toms, reaches 30–68% within two days, and reaches 49–73%
within the first two weeks [1,21,31,34], thus clearly arguing
for surgery being the primary treatment of choice.

Surgical treatment

Clinically, the goal of the operation is to improve the prog-
nosis, i.e. to save the life of the patient. In contemporary

reports, the overall early mortality from ATAAD (30-day or
in-hospital) in operated patients ranges from 5% to 24%
[56–59] and has uniformly been around 17% in current
multi-centre studies (German Registry of Acute Aortic
Dissection type A, (GERAADA), 17%; International Registry
of Aortic Dissection (IRAD), 18%; NORCAAD, 16%)
[11,48,49]. Patients who are clinically stable with normal
perfusion syndrome generally do well after surgery, with
low mortality (of around 3%) [59,60]. In contrast, in
patients with unstable haemodynamics or preoperative mal-
perfusion, the mortality is substantial (18–40%) [7,61].

Surgically, the goal of the operation is to resect the primary
entry tear of the dissection and re-establish flow in the true
lumen of the aorta to avoid or reduce the lethal complications
of ATAAD: rupture/tamponade, myocardial ischaemia, car-
diac failure related to aortic regurgitation, and life-threatening
end-organ malperfusion and ischaemia. This can often be
achieved with a supracoronary graft, replacing the dissected
ascending aorta (Figure 4(a–c)).

Figure 3. (a) Malperfusion of the kidneys in a patient with ATAAD. The left kidney has delayed enhancement of contrast through the false lumen of the dissection
while the right renal artery has normal perfusion from the true lumen. Photo: T�omas Gudbjartsson. (b) Type A dissection stretching from the aortic root and into
the brachiocephalic trunk and causing stroke due to carotid malperfusion. The intimal tear is seen with a complex dissection flap which divides the vessels into a
true and false lumen. Photo: Arnar Geirsson. (c) The pathology of pericardial tamponade in ATTAD with an intimal tear in the aortic root. Drawing: Hj€ord�ıs
Bjartmarz. Copyright: #Tomas Gudbjartsson.
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Cannulation for cardiopulmonary bypass

Regarding the means of achieving the goal of the surgical
management-cannulation for CPB, conduct of cerebral per-
fusion, proximal and distal extent of the aortic repair-there
is no solid evidence and no prevailing strategy, and several
opposing concepts are at play. Ideally, arterial cannulation
for CPB must bequick, simple, safe, and versatile. For a long
time, femoral artery cannulation was the primary choice in
ATAAD surgery. Both femoral arteries are accessible and
can be cannulated prior to sternotomy, even under local
anaesthesia in the haemodynamically deranged patient. On
the other hand, the femoral arteries are sometimes
arteriosclerotic and frequently dissected. In DeBakey type-I
dissections (extending beyond the aortic arch), there is a
risk of malperfusion of vital organs including the brain
when retrograde flow through the thoraco-abdominal aorta
has commenced, depending on the behaviour of the intimal
flap [62]. The axillary/subclavian arteries (predominantly on

the right) are alternative cannulation sites, are much less
prone to arteriosclerosis or dissection, and provide antero-
grade flow in the aorta-are also suitable to combine with
antegrade cerebral perfusion during a period of hypothermic
circulatory arrest (HCA) [63,64]. However, these arteries are
often less accessible and valuable time can be consumed in
this pursuit, especially if the best-documented approach,
perfusion through an anastomosed 8mm graft [65], is used.
Alternatively, techniques to directly cannulate the true
lumen of the dissected ascending aorta (either epi-aortic
ultrasound-guided localization of the true lumen, or by
ascending aortic transection) have been proposed and they
are associated with acceptable outcomes (0–15% early
mortality, 4–21% stroke) [66,67], but aortic transection
requires temporary exsanguination and cannot be performed
before sternotomy. In a recent review and meta-analysis
including 715 patients from nine retrospective studies
comparing axillary and femoral cannulation, early mortality
and neurological dysfunction were lower with axillary

Figure 4. Key steps in surgical repair of ATAAD. (a) Resection of the ascending aorta starting proximally at the sinotubular junction. (b) Resuspension of the aortic
valve commisures to treat or prevent aortic regurgitation. (c) Open distal anastomosis with hemiarch replacement (with perfusion cannulae omitted for clarity). (d)
Completed repair; perfusion through integrated graft side-arm. Drawings: Hj€ord�ıs Bjartmarz. Copyritght: #Tomas Gudbjartsson.

6 T. GUDBJARTSSON ET AL.



cannulation than with femoral cannulation (early mortality:
6.7% vs. 21.6%; neurological dysfunction: 14.3% vs. 26.4%)
[68]. Similarly, in a summary of 14 retrospective studies
(n¼ 1829), axillary artery cannulation compared favourably
with both central (aortic) and femoral cannulation, with
3–8.6% early mortality and 1.8–4% stroke [69]. In larger
multi-centre studies, no effect of cannulation sites on early
mortality was observed in the GERAADA database
(n¼ 2137): 15.1% vs. 18.8% for axillary vs. femoral
cannulation [61]; nor in the NORCAAD (n¼ 1159): 19.2%
vs. 18.9% (unpublished NORCAAD data). Finally, less
common approaches to arterial cannulation could be
considered as secondary alternatives, if a primary approach
fails (due to arterial damage, inadequate vessel dimension,
bleeding, malperfusion): innominate or carotid artery, left
ventricular apex, or even the right pulmonary vein, as
described recently [70].

Hypothermic cardiac arrest and brain protection

Related to the choice of arterial cannulation site is the
approach to CPB and management during HCA.
Historically, deep HCA (<18 �C to 20 �C) was used for cere-
bral and organ protection, with an attending high preva-
lence of neurological dysfunction and stroke, especially
when the time period of HCA increased. Retrograde cere-
bral perfusion (RCP) by means of perfusion through a
superior caval vein cannula was introduced as an adjunct to
give cerebral protection [71], and favourable outcomes have
been reported, from Houston for example: 10% stroke and
30-day mortality of 14% in 489 ATAAD repairs [72,73].
Even so, RCP has largely been displaced by selective ante-
grade cerebral perfusion (SACP), delivered through direct or
in direct cannulation of one, two, or three cervical vessels.
Especially when combined with moderate HCA (25–30 �C),
the perceived benefits include physiological (i.e. antegrade)
perfusion, reduced pump-time, and reduced coagulopathy.
The disadvantages of SACP include increased complexity of
perfusion, catheters obscuring the operative field, and-per-
haps more importantly-uncertainties regarding optimal
perfusate temperature, perfusion flow and pressure, a
plethora of techniques and, above all, ambiguous
neurological outcomes, with some series reporting very low
prevalence of stroke and neurological dysfunction (0–6%)
[74–76] and others, again including GERAADA and
NORCAAD, somewhat worse prevalence (12.6–13.9%)
(unpublished NORCAAD data).

Technical aspects of surgical repair

In terms of extent of the surgical repair, the supracoronary
graft with aortic valve resuspension is the most prevalent
and also the most conservative alternative. When the intimal
tear extends into the root, if the aortic root is aneurysmatic,
or if there is uncertainty regarding the aortic valve integrity
and competence of the aortic valve, the root should be
replaced. This can be done as a composite graft (biological
or mechanical) or as a valve-sparing aortic root repair

(VSARR). Patients with known or suspected connective tis-
sue disease will probably benefit from primary aortic root
replacement [74]. Distally, the surgical alternatives are
numerous. A simple end-to-end anastomosis to the distal
ascending aorta, with or without an aortic cross-clamp in
place, is at the conservative extreme. A hemiarch replace-
ment, including the lesser curvature of the arch, would be
advocated by most; it is more radical but still comparatively
comfortable and safe to perform (Figure 4(b)). Arch replace-
ment entails reimplantation of one or more cervical vessels.
Reimplantation can be performed as a Carrell patch or by
individual grafts, or a combination. Arch replacement can
be supplemented by an elephant trunk, a 10–15 cm long vas-
cular prosthesis to direct flow preferentially into the true
lumen. If the true lumen is compressed, a stent-graft (so
called frozen elephant trunk) is preferable. Dedicated com-
bined, hybrid, stent-graft and vascular prostheses are avail-
able. In effect, arch replacement of any kind is certainly
more challenging and time-consuming.

Indications would include, by analogy with the root, pre-
existing aneurysm/dilatation (uncommon), a severely
compressed true lumen inducing distal malperfusion, and a
primary tear traversing the arch, rendering it prone to
rupture and significantly increasing the risk of cervical
vessel malperfusion. In practice, arch replacement is only
contemplated if deemed absolutely necessary. Use of a
frozen elephant trunk may be of particular interest in
retrograde ATAAD, with a primary entry downstream of
the arch, or when the true lumen is severely compressed
with risk of-or manifest-malperfusion to subsequent end-
arteries (mesenteric, renal, iliac, etc.). Use of hybrid frozen
elephant trunk techniques are recently discussed in detail
[77,78], noting an increased prevalence of spinal cord ische-
mic injury, but also with documented excellent outcomes in
dedicated units [79].

An important component of aortic arch operation, even
hemiarch replacement, is a period of HCA where the distal
anastomosis is performed in so-called “open” fashion, and it
is considered by many to be an axiomatic part of ATAAD
surgery. HCA and open distal anastomosis allow arch
inspection, identification of primary or secondary tears,
resection of a clamped aortic wall, accurate suture place-
ment in a more controlled fashion, and also the ability to
perform subsequent procedures if necessary. However, it
also adds CPB and procedural time with subsequently more
disturbed coagulation, and possible cervical vessel manipula-
tion (if ACP is used). A possible exception for the use of
HCA would be DeBakey type-II dissections, where the
intimal flap does not extend beyond the ascending aorta,
and there are no distal re-entries; an aortic cross-clamp can
be placed quite distally on the ascending aorta. There is
very little evidence that HCA actually improves outcomes in
ATAAD repair; as early mortality tends to be similar to that
of the strategy of cross-clamped aorta and normothermia
[5,11,80–82]. However, in NORCAAD, 153 of 1134 patients
(14%) had ATAAD repair without HCA and open distal
anastomosis (of which 29% had DeBakey type-II dissection):
the early mortality in these patients being worse than with
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HCA and open distal anastomosis (24% vs. 15%, p¼ .004),
as was their medium-term (5-year) survival (62% vs. 73%,
p¼ .002) [11].

Conservative approaches are being increasingly chal-
lenged, and more extensive primary aortic repairs suggested,
addressing associated and potential future problems of aortic
dilatation (in the root, arch, proximal descending aorta, or
entire thoracoabdominal aorta) that may both affect long-
term survival and necessitate reinterventions. Reoperations
after primary ATAAD repair are not uncommon in long-
term survivors, or up to 25–30% [83,84], and mortality is at
a respectable 10–20% for elective reoperations on the prox-
imal aorta (25–31% on the distal aorta),but as high as 67%
in acute settings [8,83–85].

Surgical treatment of ATAAD cannot be truly evidence-
based. The advantages and disadvantages of each permuta-
tion of cannulation, perfusion, and surgical repair remain.
Often, a conservative approach, using femoral artery cannu-
lation, HCA with any form of cerebral perfusion, and a
supracoronary graft replacing the dissected ascending aorta
will suffice and provide the safest alternative. Even repair
under aortic cross-clamp cannot be rejected outright, based
on the data available. Still, unique patient and dissection
characteristics must be recognized and, if necessary, influ-
ence strategy. If a risk of malperfusion through the femoral
artery is envisioned or detected, an alternative arterial can-
nulation site should be chosen. Younger patients, or patients
with connective tissue disease, may benefit most from valve-
sparing aortic root repair (which, notably, can be under-
taken during rewarming and may not necessarily prolong
CPB time or procedural time). Arch inspection during HCA
may reveal a longitudinal tear motivating arch replacement,
in turn an impetus for meticulous cerebral perfusion and

protection, allowing ample time for repair. Thus, optimal
management of a wide spectrum of ATAAD patients
requires surgical adaptation and versatility, which is pro-
vided more and more often in dedicated aortic centres and
is often associated with documented improvement in out-
comes [86].

Demographical and geographical conditions to some
extent dictate ATAAD management in the Nordic area.
Surgical treatment is offered at tertial centers exclusively,
making time-consuming transportation necessary in a pro-
portion of cases. Patient selection will entail: some patients
die during this interval, creating a positive selection bias.
On the other hand, and likely more commonly, patients
may arrive at the operating center in a more deranged con-
dition due to relatively prolonged periods of malperfusion,
ischemia, tamponade, or suboptimal hemodynamic control.
While catchment areas are large, catchment populations are
often limited in the Nordic countries. In effect, relatively
few advanced root and arch repairs are performed electively,
which will, and should, influence surgical strategy in
ATAAD as well and forms the background for a generally
conservative approach.

Complications

The most common complications following ATTAD repair
are shown in Table 2. The disturbances of the coagulation
system in combination with the poor quality of the dissected
aorta contribute to 25% of patients having massive bleeding
associated with ATAAD surgery [10,87]. In several studies,
bleeding has been identified as an independent predictor of
early and late mortality after surgery for ATAAD and
accounts for 20% of in-hospital deaths [6,10,88]. The bleed-
ing can also extend into the pericardium and cause tampon-
ade that can aggrevate cardiac and hypovolemic shock
(Figure 3(c)). When blood surges through the intimal tear,
it is exposed to the subendothelial tissue of the false lumen.
The contact between blood and tissue factor causes a coa-
gulopathy resembling disseminated intravascular coagula-
tion, with consumption of coagulation factors and increased
fibrinolysis [89]. Furthermore, there is an activation and
consumption of platelets, the latter of which has been shown
to be associated with increased mortality [73,90]. In add-
ition, the use of CPB has deleterious effects on the coagula-
tion system and platelet function. This is further enhanced
by routine use of hypothermia during surgery, which causes
alterations in the coagulation system and results in splenic
sequestration of platelets and increased platelet activation
and aggregation [91–95].

In a recent report from the NORCAAD registry, pre-
operative cardiac malperfusion was found to be associated
with the highest rates of 30-day mortality (33%) [7]. This
was primarily driven by intraoperative deaths, possibly due
to myocardial infarction and the inability to wean the
patients off CPB. However, of the patients who survived
surgery, only 7% suffered a perioperative myocardial infarc-
tion (MI) [7]. Di Eusanio et al. reported that preoperative
mesenteric malperfusion was associated with a mortality

Table 2. Postoperative complications following ATAAD repair as reported
from the NORCAAD registry.

Bleeding
Major bleeding (39%)
Reoperation for bleeding (22%)
Cardiac tamponade (15%)

Neurological
Stroke (20%)
Coma (11%)
Transient ischaemic attack (5%)

Infections
Sepsis (10%)
Deep sternal wound infection (2%)
Superficial sternal wound infection (2%)
Pneumonia (19%)

Renal
Acute kidney injury (39%)
Renal replacement therapy (12%)

Malperfusion
Limb ischaemia requiring surgery (4%)
Mesenteric ischaemia (6%)
Myocardial infarction (6%)

Others
Ventilator use >48 hours (33%)
Atrial fibrillation (38%)

Reoperations of the aorta
Proximal reoperation
1 year (0.8%)
5 years (2.1%)

Distal reoperations
1 year (0.8%)
5 years (4.3%)
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rate of 63.2% [96], while data from the NORCAAD registry
showed a mortality rate of 31% in patients with gastrointes-
tinal malperfusion [7]. Di Eusanio et al. also reported 95%
hospital mortality in medically treated patients with mesen-
teric malperfusion [91], so the recent data from NORCAAD
strongly suggest that patients with gastrointestinal malperfu-
sion should not be denied surgery.

In the large multi-centre registries such as IRAD,
GERAADA, and NORCAAD, postoperative stroke and
coma occurred in 10–15% and 3–9% of the patients,
respectively [7,96–98]. Stroke is one of the leading causes of
death after ATAAD surgery [25,88], where the mechanism
of brain injury is heterogeneous. Data from the NORCAAD
registry show that preoperative cerebral malperfusion
(Figure 3(b)) is associated with a threefold increase in stroke
rates when compared to patients with other sites of malper-
fusion. However, rates of coma do not follow a similar pat-
tern, suggesting different injury mechanisms [7]. Several
intraoperative risk factors for perioperative stroke have been
identified, including prolonged duration of CPB and HCA
[97,98]. It has also been hypothesized that femoral cannula-
tion would cause retrograde embolization but to date, no
evidence has been presented that cannulation strategy has
any effect on postoperative stroke rates [97–99].

Acute kidney injury (AKI) is a common complication
following ATAAD, and previous studies have found that
AKI ranges between 40% and 55% [100]. Figure 3(a) shows
how ATAAD causes impaired flow to the kidneys and renal
malperfusion. In the NORCAAD registry, 5.5% of patients
presented with renal malperfusion and postoperatively 11%
of all the patients required renal replacement therapy (RRT)
[7]. Also in the NORCAAD registry, a rate of postoperative
AKI of 41% was found using the RIFLE criteria (unpub-
lished NORCAAD data). Age, BMI >30 kg/m2, hyperten-
sion, DeBakey type-I dissections, prolonged CPB time, and
red blood cell transfusions were all found to be independent
risk factors for AKI and it was associated with poorer 30-
day and long-term survival (unpublished NORCAAD data).

A NORCAAD report from Pan et al. recently showed
freedom from reoperation rates of 98% at one year and 95%
at five years [8]. Other studies have shown freedom from
reoperation of 82–94% at five years [85,101,102]. However,
Wang et al. found that patients with connective tissue dis-
ease had a 45% risk of reoperation at a median follow-up
time of 2.5 years and Pan et al. found that patients with
connective tissue disease had a five times higher risk of
proximal reoperation [8,103]. This possibly indicates that a

more aggressive primary approach may be feasible in
patients with hereditary conditions.

Outcome and long-term follow-up

In ATAAD patients, aortic rupture with massive bleeding
leading to cardiac tamponade and/or exsanguination is the
most common cause of mortality before the patient reaches
hospital [104,105]. For those who reach hospital alive,
important prognostic factors for 30-day and late mortality
are shown in Table 3. These include advanced age [49],
cerebrovascular injury [24,86], malperfusion [6,24,94], acute
kidney injury (AKI) [106–108], preoperative tamponade or
shock [109] (unpublished NORCAAD data), and also surgi-
cal factors such as cannulation site, duration of the oper-
ation, CPB time, and extent of surgery. The existing
literature often implicates the aforementioned non-surgical
characteristics as prognostic factors for late mortality, but
on the other hand age and the comorbidity burden of the
patients (mainly atherosclerosis) is also important for long-
term survival in contemporary single-centre and multi-
centre series. Long-term postoperative survival after
ATAAD repair is satisfactory and has improved in recent
years: 84–85% at 5 years [9,62,109,110], 64–68% at 10 years
[31,109,111,8], and up to 38% at 30 years [110].

Postoperative health-related quality of life (HRQoL) in
operated ATAAD patients has been reported to be signifi-
cantly lower than in the general population [112–114].
Furthermore, HRQoL has been shown to decline over time
[112] and there is a 32% incidence of ATAAD patients suf-
fering from episodes of depression; up to 32% are at risk of
post-traumatic stress disorder and ATAAD patients have
reported that they have reduced sexual activity [115].
Clearly, patients who have undergone surgery for ATAAD
have an increased risk of psychiatric morbidity, and screen-
ing for psychiatric disease and factors related to poor
HRQoL may therefore be considered.

Postoperative follow-up by means of CT and TTE is
essential and is aimed at detecting rapid or persistent aortic
enlargement or, when the native valve has not been
replaced, increased aortic regurgitation. Over 50% of oper-
ated ATAAD patients have resistant hypertension on follow-
up [116], so clinical follow-up is necessary in order to
maintain adequate control of blood pressure.

Intervals for scheduled imaging after ATAAD have been
described both in the EACTS/ESC 2014 guidelines and in
the AHA/ACC 2010 guidelines [56,117]. In the case of a
treated ATAAD, with or without persistent residual dissec-
tion, a follow-up CT of the aorta is recommended at
1month (additionally at 3 months in the American guideli-
ness), 6, and 12months and annually thereafter [56,117].
The European guidelines state that with stable disease, imag-
ing every two years after the first control after one year
should suffice. However, it should be noted that the recom-
mendations for ATAAD are extrapolated from data on the
natural course of type-B dissections, and arguably the
residual dissection after a type A dissection should be con-
sidered to be a different entity. This is reflected by the

Table 3. Major predictors of 30-day and long-term mortality in
ATAAD patients.

Thirty-day mortality
Malperfusion (e.g. cardiac or visceral)
Pre- and postoperative stroke or coma
Acute kidney injury
Massive bleeding and/or transfusions
Extensive dissection and surgery
Cardiac tamponade or shock on presentation

Long-term mortality in addition to 30-day predictors
Age
Female gender
Comorbidity burden (e.g. coronary artery disease, diabetes)
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guidelines stating that data on optimal surveillance sched-
ules for ATAAD specifically are not available [56,117].

After valve-sparing surgery for acute dissection, aortic
regurgitation at follow-up is almost exclusively associated
with root dilatation, but the 5-year rates of moderate or
greater aortic valve regurgitation or regurgitation as indica-
tion for reoperation have been reported to be below 5% in
most series, including the NORCAAD registry [8,118–120].
To date, there are no recommendations specific for aortic
insufficiency following ATAAD, but it seems reasonable to
conform to general guidelines on aortic regurgitation with
echocardiographic follow-up every 1–2 years for mild regur-
gitation and every year for moderate and asymptomatic
severe regurgitation [121].

Conclusion

Type-A aortic dissection (ATAAD) is a highly deadly car-
diovascular emergency. Acute surgical treatment is indicated
for all patients, except for those who are moribund or
severely comorbid. Surgical and perioperative procedures
vary depending on the presentation and aortic pathology.
Despite the considerable morbidity and mortality, both early
and medium-term outcomes are improving. Current multi-
centre data from NORCAAD demonstrate that ATAAD-
related short- and medium-term survival, the highest
surgical priority, is improving and that late re-interventions
are uncommon. Conservative yet contemporary surgical
approaches (conserving the native root and aortic valve, and
performing the distal anastomosis as a hemiarch replace-
ment under a period of HCA with cerebral perfusion) are
applicable in the majority of cases and may reduce morbid-
ity, which, however, remains substantial. In selected patients,
individualized approaches to perfusion and surgical repair
are necessary to treat or avoid severe complications. Future
efforts will focus on patient selection, improved periopera-
tive management, and reduction of complications, but also
on true long-term follow-up and identification of patients
who are at particular risk of ATAAD, such as patients with
aortic aneurysms due to connective tissue diseases—to treat
them with prophylactic elective operation with considerably
lower risks.
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