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GENERAL PURPOSE

Acute type A aortic dissection - diagnosis and treatment in a frequent litigation 
disease

Andrei George Iosifescu1,2*, Vlad Anton Iliescu1,2

 _________________________________________________________________________________________
 Abstract: Prompt diagnosis and emergency operation are of utmost importance for salvage of patients with acute type A 
aortic dissection (ATAAD). However, despite great progress in the field, there is a high rate of misdiagnosis and a significant failure rate 
of the treatment. Consequently, ATAAD became a frequent cause of litigation. As the last decades brought valuable new information 
in the field through analysis of large multicenter databases, we  reviewed some of the present-day knowledge and some statistic results 
from a group of 393 consecutive ATAAD patients operated, between January 2009- June 2017, in our institution. Diagnosis of this 
frequently  elusive disease, requires persistent suspicion of the disease in any acute chest pain and availability of emergency imaging 
techniques. Surgical treatment is the required management; the surgical goal is not cure of dissection, but decrease the incidence of 
early fatal complications of disease. The still significant early complication and mortality rate is due to malperfusion, comorbidities 
and complexity of intervention. We summed up ongoing debate around strategies and techniques employed for surgical treatment 
and on their choice in specific categories of ATAAD patients. Surgical option is frequently difficult (posing ethical problems too): 
as the more extensive surgery is, the worse the early results, but the better late outcome; also, in identifying patients with extreme 
surgical risk, that could have better chances with medical treatment alone.  There is increasing evidence on the benefits of hybrid 
procedures (surgical and endovascular) in the ATAAD treatment; future will show their extended use.
 Key Words: type A acute aortic dissection, diagnosis,  surgical treatment, review. 
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INTRODUCTION

 Acute type A aortic dissection (ATAAD) is a 
highly lethal disease. Prompt diagnosis and emergency 
operation are of utmost importance for the patient survival. 
Yet, diagnosis is frequently missed, due to the delusive 
character of the disease – aortic dissection being the most 
frequent arrival from the emergency department to the 
autopsy room without proper diagnosis [1]. Despite great 
progress in the field, surgical treatment is still followed 
by complications and significant failure rate (up to 30%). 
The high incidence of misdiagnosis and hospital mortality, 
made ATAAD a frequent litigation cause [2]. Besides, the 
last decades brought valuable new information concerning 
ATAAD through analysis of large multicenter databases 

(IRAD - International Registry of Acute Aortic Dissection; 
GERAADA - German Registry of Acute Aortic Dissection 
type A). For all these reasons, we tried to review some of 
the present-day knowledge concerning ATAAD, for the 
Romanian Journal of Legal Medicine. We added to relevant 
data from the literature, some statistic results from a group 
of 393 consecutive ATAAD patients operated, between 
January 2009- June 2017, in the “C.C.Iliescu Institute for 
Emergency Cardiovascular Disease” (EICVD), Bucharest.
 

DEFINITIONS AND TERMINOLOGICAL 
DISTINCTIONS

 Acute aortic dissection (AAD) is a longitudinal 
disruption of the aortic wall, due to intramural bleeding 
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between the media layers (through an intimal tear or 
rupture of vasa vasorum); the aorta is divided into a 
false lumen (FL) and a true lumen (TL) by an intimal 
flap. The FL outer wall is weak (external media and 
adventitia only), which explains its fatal tendency toward 
complete rupture. AAD, together with aortic intramural 
hematoma (IMH), penetrating aortic ulcer (PAU), aortic 
pseudoaneurysm, contained rupture of aortic aneurysm 
and traumatic aortic injury, all represent types of acute 
aortic syndromes, a group of thoracic aorta disease 
defined by partial wall disruption that may progress to 
fatal complete rupture [3]. Though a different nosologic 
entity, but with rather similar natural history, acute 
IMH is usually included in the spectrum of AAD, to 
which it may frequently convert. Classification of aortic 
dissection. Stanford classification [4], the most widely 
used, distinguishes between type A dissection (dissection 
present in the ascending aorta -AA-) and type B 
(dissection not affecting AA). DeBakey classification [5] 
describes: Type I (affecting AA, aortic arch and, at least, 
part of the descending aorta- DA-), Type II (dissection 
in AA only) and Type III (affecting DA only). Time from 
onset may classify dissections into: acute (≤14 days), 
subacute (15-90 days) and chronic (>3 months) [3].
 Acute type A aortic dissection (ATAAD) 
defines a dissection present, at least, in the AA, with 
≤14 days from onset. Identification of this entity, is of 
major clinical importance, including cases with the 
worst natural history (propensity to early rupture), 
consequently, those with the strongest indication for 
emergency surgery. ATAAD should be distinguished 
from type B AAD (BTAAD), -no dissection in the 
AA- that has a milder natural history and requires, if 
uncomplicated, only medical treatment. 
 The term “dissecting aortic aneurysm”, the 
former name of AAD, is now abandoned, as confusing 
(because not all AAD occur on dilated aortas and most 
aneurysms do not show signs of dissection) [6].

EPIDEMIOLOGY OF ATAAD 

 The reported incidence of AAD is between 2.9 
and 6/100000 people/year [7, 8]. ATAAD represents 
about two-thirds of all AAD [9], so its’ incidence is around 
3/100000 people/year. There is a male predominance 
of ≈ 2/1 (67.5% of IRAD patients [9]; 61% in EICVD 
patients). The disease may affect any age group, but is 
most frequent in the sixth and seventh decades of life, 
usually with a mean age around 60 years (57±12 years in 
EICVD patients).

PATHOGENY

 ATAAD is produced either by increased wall 
stress (hypertension, dilation, aortic root motion [10]) 
or/and by decreased wall resistance to stress (pre-

existing aortic disease with decreased elasticity, dilation 
or intimal tears). Most frequently implied pathogenic 
factors are listed below:
 - Previous arterial (poorly treated) hypertension 
(HT) affects most ATAAD patients (74.4%) [9]. Its’ 
pathogenic function is also sustained by chronobiologic 
studies that found a higher incidence of ATAAD onset 
during morning hours and during winter (periods of 
increased sympathetic tone) [11]. HT also mediates 
pathogeny of other conditions associated with AAD 
(pheochromocytoma, cocaine use, weight lifting, 
coarctation).
 - Atherosclerosis is present in ≈1/4 of patients 
(26.5% of AAD and 23.8% of the ATAAD cases [9]); 
ulcerated aortic atheroma acts as intimal tear triggering 
dissection.
 - Ascending aorta aneurysms (AAA) are 
frequently complicated by dissection; this mechanism 
is responsible up to 20% of ATAAD [12]. According 
to Laplace law (wall tension equals pressure multiplied 
by vessel radius), aneurysm dilation parallels wall 
tension increase, creating impetus for further dilation 
followed by dissection and rupture [13,14]. The annual 
risk of dissection or rupture of AAA increases with the 
diameter: 2%, in small aneurysms (4.0 to 4.9cm), 3% 
(in AAA of 5.0 to 5.9cm) and 6.9% in aneurysms ≥6cm 
[13]. Latest guidelines [3], recommend prophylactic 
surgical treatment of asymptomatic AAA larger than 
55mm; the threshold value is lowered to ≥50mm, in 
Marfan patients, or in non-Marfan patients with added 
risk (family history of AAD, increase >3mm/year, HT, 
coarctation); operation is indicated in AAA ≥45mm 
in Marfan patients with added risk factors and in all 
patients with indication for aortic valve surgery. 
 - Bicuspid aortic valve (BAV) patients present a 
trend towards aortic dilation and dissection (BAV affects 
≈1% of the population, but is found in 5-9% of AAD 
[15,16]; it was 8.7% in EICVD patients). This tendency 
towards dilation is due to [17]: altered histology (cystic 
medial necrosis, Fibrillin-1 deficiency), abnormal 
hemodynamics generating increased wall shear stress 
[18]). ATAAD patients with BAV are usually younger 
(mid-forties) and have higher rates of intimal tear in the 
aortic root [19]. Guidelines recommend in BAV patients 
the same thresholds for prophylactic surgery as in any 
aortic dilation [3], but many suggest an attitude closer to 
that in Marfan patients [17].
 - Genetic disorders associated with medial 
degeneration [14]: are responsible for most of ATAAD 
cases in young patients: Marfan syndrome (mutation 
in the Fibrilline-1gene) is the most common disease in 
the group (4-5% of the ATAAD cases [9, 20]; 4,3% in 
EICVD patients); Loeys-Dietz syndrome, Ehler Danlos 
syndrome (type IV- vascular), Turner syndrome.
 - Iatrogenic dissection following endovascular 
procedures (coronary angioplasty, transcatheter aortic 
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valve implantation) or cardiac surgery is not so rare (3-
5% of all ATAAD [9,21]).

PATHOLOGY 

 Intimal flap separating TL from the FL is 
defining ATAAD; usually the two lumina communicate, 
through one or multiple intimal tears. In our EICVD 
patients, a tear was identified in 97% of the patients 
and multiple tears in 21% (underestimated, as surgical 
exploration neglects “exit-tears” in lower descending 
aorta). Intimal tears were present in AA (in ≈78%), 
aortic arch (37%) and DA (4%). From the “entry-tear”, 
there may be antegrade or retrograde progression of 
dissection (through the latter, ATAAD may complicate 
BTAAD cases). Dissection frequently involves the aortic 
branches through various mechanisms: extension of 
dissection, branch detachment from TL (perfusion FL-
dependent), compressed origin by FL or obstruction by 
flap intussusception. Consecutive malperfusion occurs 
in varied degrees and forms, generating a spectrum of 
ischemic events complicating ATAAD before, during 
and after surgery. Out of 2137 ATAAD patients, 33.6% 
had clinically significant preoperative malperfusion 
(peripheral 13%, cerebral 11%, coronary 10%, renal 9%, 
visceral 6%, spinal 2%) [22]. Thrombus may be found 
in the FL, either in IMH or in classical ATAAD (in 
FL segments deprived of outflow). Rupture of the FL 
most frequently occurs in the pericardium (generating 
hemopericardium and tamponade), but also in the 
mediastinum or pleural cavities; it may be complete 
from onset, or occur gradually. Complete rupture 
may temporarily be contained in the mediastinum, 
inter-aorto-pulmonary, or by pre-existing pericardial 
adhesions. Moderate or severe aortic regurgitation 
(AoR) is present in ≈45% of ATAAD [23]. It usually 
appears on normal morphologic leaflets through 
prolapse (due to dissection-detached comissures), 
tethering (by the dilated root), or transvalvular FL 
prolapse [23]; occasionally patients present preexisting 
cuspal pathology.
 Natural history of ATAAD is extremely severe: 
up to 40% of patients die immediately after onset, 
thereafter, during the first day, the mortality rate is 
1-2%/h [24], after which it decreases, reaching ≈90% 
at 1 month after onset [25]; modern medical treatment 
(IRAD data), decrease in-hospital mortality rate (HM), 
to 20% at 24h after admission, 30% at 48h, 40% at 1 week 
and 50% at 1 month [26].

DIAGNOSIS OF ATAAD
 
 Prompt and accurate diagnosis is critical in 
ATAAD: any time lost without a certain diagnosis 
implies surgical deferral and an increase in overall 
mortality. However, in the “real world”, time to surgery 

may be longer than expected (mean time onset-surgery 
was 10h, in a GERAADA study [27], but > 79h, in an 
IRAD paper [15]).
 - Symptoms. ATAAD is characterized by ”worst 
ever” acute pain (> 90% of cases), most frequently chest-
located (83%) and/or in the back (43%) [9], abdomen 
(22%) [15] (a misleading isolated abdominal pain, does 
exceptionally occur: 4.6% [20]). ATAAD pain is most 
intense at onset, different from the crescendo-pattern 
of coronary pain [28]. It may be changing in nature, 
radiating and migrating to the abdomen and lower 
limbs. Painless AAD is rare (≈7%), usually related to 
syncopal or neurologic onset [28]. Many symptoms may 
intricate with pain, in a sometimes- confusing clinical 
picture: syncope (19%), neurologic symptoms (≈14%) 
[15] resulting from brain ischemia (stroke or transient 
ischemic attack ≈ 6% [26,15]) or medullary ischemia 
(paraparesis, paraplegia), pulse deficits (31%) [9] - 
sometimes intermittent (by repositioning of the aortic 
flap [28]), may be followed by acute limb ischemia. 
Although most of the patients (> 3/4) have a history 
of HT, at admission, only 28% of the ATAAD patients 
were hypertensive [9] and almost as many (≈25%) were 
hypotensive (BP<100mmHg), probably due to the effect 
of pericardial blood accumulation in ATAAD. Signs of 
acute heart failure (due to acute AoR, tamponade or 
associated myocardial infarction) may intricate in the 
clinical picture. Cardiogenic shock or tamponade are 
present in ≈16% of the ATAAD patients [15].
 Due to the large spectrum of clinical 
complications, sometime masking the real disease, 
misdiagnosis of AAD is rather frequent; wrong diagnosis 
at admission was reported between: 15% and 38% 
[29,30,31]; in 10% of ATAAD cases referred to Mayo 
Clinic in the 80’s, without previous correct diagnosis, 
recognition of the disease was done only at necropsy 
[31].
 ECG may be normal (≈30%), has non-specific 
abnormalities (≈40%) or signs of old myocardial 
infarction; it detects signs of myocardial ischemia in 
around 20% and signs of acute myocardial infarction in 
about 5-6% of ATAAD cases [26,15]. 
 Chest radiography is rarely normal in ATAAD 
(< 15% [28]). Widening of the mediastinum (>60%), 
abnormal aortic contour (>45%) or heart contour 
(>25%) and pleural effusion (>15%) are the most 
frequent findings [26]. They are not specific, but may 
provide a good hint of the diagnosis. 
 Biochemical markers of AAD. D.Dimer (DD). 
There was intense research in the last decades for 
developing biochemical tests aiding in the diagnosis 
of AAD. DD molecule is a Fibrin fragment generated 
after fibrinolysis. High levels reflect intensification of 
both hemostasis and fibrinolysis, like in disseminated 
intravascular coagulation. A normal DD level was used 
for exclusion of pulmonary thromboembolism. Weber 
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[32] extended its use for exclusion of suspected AAD. 
In the first 24h after onset, DD level ≥500ng/mL, has a 
96.6% sensitivity for AAD, but a low specificity (46.6%) 
[33]. Consequently, a low DD test, performed in day 1, is 
useful to rule out AAD, but cannot completely exclude it 
[3]; high values may increase suspicion of AAD, but are 
not enough for diagnosis.
 Imagistic tests. Definitive diagnosis of ATAAD 
requires at least one imagistic test demonstrating with 
high sensitivity and specificity the flap in the AA. 
Transthoracic echocardiography (TTE) is usually the first 
diagnostic method available; it may sometime identify 
a flap in the AA, but has poor a sensitivity rate (<80% 
in ATAAD) [24]. Nonetheless, it remains a valuable 
tool for assessment of valvular and ventricular function 
and for tamponade detection. As magnetic resonance 
imaging, though with excellent reliability is time-
consuming and usually unavailable on an emergency 
basis, the methods employed to ascertain diagnosis are 
either contrast-enhanced computed tomography (CT) 
or transesophageal echocardiography (TEE), both with 
excellent performance (respectively, sensitivities of 95% 
and 99%, specificities of 98% and 89%) [3]. CT being a 
bit more performant is preferred in stable cases, without 
significant pericardial collection, while TEE is the choice 
in unstable patients. In case tamponade is discovered at 
TTE, ATAAD rupture is imminent; the patient must be 
brought to the operating room, where TEE may complete 
the investigation, just prior to sternotomy [34].
 Aortic angiography and coronarography may 
increase HM, by surgical delay and aortic rupture [34]. 
Therefore, aortography is no longer used [3] and routine 
coronarography is not recommended - it may eventually 
be performed in stable cases with known ischemic heart 
disease [15].

TREATMENT OF ATAAD 

 Without surgical treatment, mortality rate in the 
first two days after onset is ≈1%/h. Therefore, emergency 
surgery is the treatment of choice in ATAAD patient; 
the operation having a life-saving character. Surgical 
indication is set by the very diagnosis of ATAAD. However, 
not all patients are operated (IRAD reports an increase in 
surgical treated cases from below 80%, in 1996, to over 
90%, in 2013 [9]). Some patients are refusing surgery, 
even though informed about the risk-benefit ratio, others 
are too sick or too old to overcome surgery. There is 
evidence that in ATAAD patients presenting in a coma or 
with advanced mesenteric malperfusion, the operation is 
futile; a “wait and see policy” may be more appropriate 
for the former, while endovascular treatment or bowel 
resection, with delayed ATAAD treatment, might be 
employed for the latter [35]. There is continuous debate 
concerning ATAAD management in octogenarians. Age 
is a strong risk factor for death after surgery, but does 

not affect early outcome of medical treatment; surgical 
treatment after 80 years was reported to have high HM 
(from 38%, when only 50% of the referred patients were 
accepted at operation [36], but up to 83%, when all 
patients were operated; the few survivors were severely 
disabled [37]) questioning the use of an aggressive 
attitude (as modern medical treatment, implies a 45% 
HM [36]). Surgical decision becomes a complex ethical 
problem: choosing between “doing the best we can” and 
avoiding the “degrading and disabling” consequences of 
treatment [38]. Decision should not be based entirely on 
age, but also on comorbidities and associated conditions 
[36]; some suggest a selective surgical indication (only 
medical treatment in high risk cases) [38]. 
 Medical treatment of ATAAD should be started 
from diagnosis. It is based on reducing aortic shear 
stress with intravenous (i.v.) β-blockers, reducing pain 
with analgesics and blood pressure control (to between 
100-120mmHg, with sodium nitroprusside or any short 
acting i.v. vasodilator) [28].
 Surgical treatment. The aim of the operation 
is not to cure dissection, but to prevent death by the 
most frequent complications of ATAAD: aortic rupture 
in the pericardium, malperfusion and AoR [39]. It is 
accomplished through exclusion of the intimal tear from 
the AA (and/or aortic arch), replacement of the aortic 
segment most susceptible to rupture (i.e. AA ± aortic 
root ± proximal arch concavity) with connection of the 
left ventricular outflow to the distal TL (restoring TL 
flow aims against malperfusion) and restoration of the 
aortic valve competence (through valve and root repair 
or by their replacement). Depending on the case specifics 
and the surgeon’s preferences, these goals are achievable 
through various techniques, each with its own risk-
benefit balance; frequently the more extensive surgery is, 
the worse the early results, but the better late outcome. 
Surgical decision in ATAAD is particularly difficult, a 
matter of intense scientific debate and of torments for 
the surgeon, as well. 
 Techniques for surgical treatment of ATAAD. 
All operations for ATAAD repair include (Fig. 1) a 
supraostial AA graft replacement (AAR) which may be 
extended distally by replacement of the inner curvature 
of the arch (hemiarch replacement- HAR), by complete 
arch replacement (CAR), or even by entire arch and 
proximal DA replacement (CAR+DA). Alternatively 
to the latter, the “elephant trunk” technique aims 
reinforcing the proximal DA by leaving a free-floating 
graft in the TL of DA, attached at its proximal end to 
the arch graft (it obstructs intimal tears in DA promoting 
FL thrombosis and may serve as safe “landing zone” for 
future stenting). It has a hybrid variant (i.e. association 
of surgical and endovascular techniques) referred to 
as ”frozen elephant trunk” in which a covered stent is 
deployed in the DA TL from the open aortic arch. Any 
arch replacement requires reconnection of supra-aortic 
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arteries (SAoaa), either through the “island technique” 
(suture to the graft of aortic tissue surrounding SAoaa) 
or by separate connection of the aortic graft lateral 
branches to SAoaa. 
 Each of the above variants may be associated 
with different surgical options at the level of the aortic 
valve and root (Fig. 2):
 - Conservative management is the main option 
(60 to 80%); it is performed through valve and root repair 
(commissural resuspension, application of biological 
glue in the dissected areas of the root, recalibration of the 
sino-tubular junction and cuspal plication); if, by chance, 
the valve and root are normal, nothing should be done.
 - Replacement of aortic valve and root with a 
valved conduit (employed in 10- 35%); implies coronary 
ostia reimplantation directly to the graft (Bentall 
operation) or, less frequent, mediated by prosthetic or 
saphenous conduits (Cabrol operation).
 - Wheat operation, separate aortic valve 
replacement (AVR) and AAR, is rarely employed (2-5%), 
joining the drawbacks implied by AVR with those due to 
preservation of the frail root tissue.
 

- Valve sparing root replacement (David or Yacoub 
operation) - though, in experienced hands, a good option 
(replace most root tissue, with native valve preservation), 
is rarely employed in emergency (2-5%), being more 
time-consuming; it might be “the right operation at the 
wrong time” [25].
 All operations are performed under 
cardiopulmonary bypass (CPB). Almost all require 
at least a brief period of circulatory arrest (CA). Brain 
protection against ischemia, during circulatory arrest 
is assured through deep hypothermic circulatory arrest 
(DHCA) (i.e. cooling the patient to ≤ 20⁰C) or through 
moderate hypothermic (21-30⁰C) circulatory arrest 
(MHCA) supplemented by selective cerebral perfusion 
(SCP) (Anterograde -SACP- or retrograde -SRCP-). 
 Strategic debate. Application of these methods 
has specific features, pitfalls, pros and cons, according to 
the specifics of the case, applied strategy, preferences and 
experience of the surgeon. The guidelines [6] are rather 
cautions: “…all aneurysmal aorta and the proximal 
extent of the dissection should be resected. A partially 
dissected aortic root may be repaired with aortic valve 

Figure 1. Distal extension of aortic replacement - technical variants: a) Supraostial ascending aorta graft replacement (AAR); 
b) AAR + Hemiarch replacement (HAR); c) AAR + Complete arch replacement (CAR) - reconnection of supra-aortic arteries 
through the island technique-; d) CAR with separate reconnection of supra-aortic arteries.

Figure 2. Technical options at the level of valve and root (a - valve and root repair through commissural resuspension and gluing; 
b – Separate replacement of aortic valve and supracoronary aorta (Wheat operation); c – Replacement with a valved coduit 
(Bentall operation); d – Valve sparring root replacement (David operation).
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resuspension. Extensive dissection of the aortic root 
should be treated with aortic root replacement with a 
composite graft or with a valve sparing root replacement. 
If a DeBakey Type II dissection is present, the entire 
dissected aorta should be replaced. (Class I; Level C)”. 
However, there is intense scientific debate around a few 
topics: repair vs. replace the aortic root, how to perform 
the distal anastomosis, the extension of aortic graft 
replacement, best variant of arterial cannulation, strategy 
employed for brain, spinal cord and viscera protection 
against ischemia, during CA.
 Concerning root management, some advocate 
for conservative treatment, rarely replacing it (10-
25%), only in Marfan cases [40], annulo-aortic ectasia, 
root aneurysms or extensive intimal tear [41], while 
others frequently (≈ 35%) perform a Bentall (or David) 
operation (also in BAV cases, young patients, pre-
existing valve disease, coronary ostia involvement and in 
all dissection involving the root) [42]. The first group, 
argument that root replacement implies increased early 
risk and worse late results [43], the latter, find that the 
Bentall-related risk increase is insignificant, while late 
results are better [44]. 
 

Regarding the distal anastomosis of the graft to the 
native (dissected) aorta, current opinion is favorable 
to distal open anastomosis (without aortic clamping - 
source of new intimal tears) under CA+SCP [25,45,46], 
but there still are groups performing AAR in DeBakey 
type I ATAAD with a distally clamped aorta [47]. 
 Extension of aortic grafting beyond the AA 
is strongly indicated for exclusion of arch tears, but a 
hemiarch replacement (HAR) is advisable even otherwise; 
AA+HAR tends to be almost as employed as AAR [19] 
and some describe it as standard technique [48,46], since 
it requires almost the same time of CA, but allows a more 
distal fixation of the intimal flap, reducing malperfusion 
of the arch branches and decreasing incidence of patent 
FL (PFL) in the distal aorta. 
 Complete arch replacement (CAR) is usually 
required in cases with extended intimal tear in the arch 
(±DA) or with aneurysmal arch (suggested diameter 
threshold might be 45 mm [46]); some perform CAR 
also in the case of FL rupture to the mediastinum or 
in compromised origins of SAoaa [49](fig.3,4). Some 
authors proved that CAR increases surgical risk even 
compared with AA+HAR [50], while others found this 
increase insignificant. The procedure was shown to have 
better long terms results, specifically when extended with 
“(frozen) elephant trunk”, when it reduces the PFL rate, 
late reoperation and mortality rates (but procedures like 
this require hybrid operating rooms and many expensive 
facilities that are not universally available) [25] .
 Arterial cannulation is usually performed in a 
peripheral artery, but choosing which to use, is a matter of 
debate. Femoral artery cannulation (FAC) has long time 
been the preferred method, but it has been increasingly 
replaced in recent years by right axillary artery 
cannulation (AxAC) (used at EICVD in 74% of ATAAD 
cases). Arguments for AxAC (even if technically more 
difficult) are: less malperfusion (providing almost direct 
flow to the TL) [51], reduced neurologic complications 
(no retrograde atheromatous emboli of ilio-aortic origin) 
[52]; possible use for antegrade cerebral perfusion. It was 
also associated with better early survival [52]. Being more 
expeditive, FAC may still be preferred in unstable patients, 
but should be avoided in patients with significant aorto-
iliac atheromatosis. In large pericardial effusions, arterial 
cannulation is frequently performed before opening the 
pericardium. In unstable patients (frank tamponade 
and shock), it is advisable to cannulate both femoral 
vessels (artery and vein), prior to sternotomy, allowing 
immediate initiation of CPB in case of catastrophe.
 Cerebral metabolic requirements decrease at 
lower temperatures: consequently, brain protection 
against ischemia during CA has long time been achieved 
through advanced cooling of the patient (≤20⁰C) (DHCA); 
it was known to allow neurologic-safe CA of 30-40min 
(but CA > 30 min was associated with decreased survival 
[53]). In order to extend the safety limits of DHCA, 

Figure 3. ATAAD before repair: dilated AA and aortic arch 
(intra-operative view).

Figure 4. ATAAD after repair - CAR for extensive arch tear 
and dilated aortic arch; direct connection of brachiocephalic 
artery and graft interposition to the left common carotid artery 
(intra-operative view).
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techniques of selective antegrade cerebral perfusion 
(SACP) or retrograde cerebral perfusion (RCP - in the 
superior vena cava) were developed in the 1990’s. SACP 
was found more effective, furnishing more even perfusion 
of the brain (RCP was gradually abandoned in the last 
decade [54]). SACP is now employed in the majority 
of ATAAD operations, either unilaterally (through the 
axillary cannula) or more frequently, bilaterally (through 
separate intra-carotid cannulas). Bilateral SACP was 
found superior to unilateral SACP in cases with CA times 
>40-50 min.[55]. As SACP was shown to be effective (by 
near-infrared spectroscopy -NIRS- monitoring of global 
cerebral SO2 and also by operative results) many surgeons 
replaced DHCA in favor of moderate hypothermic 
CA (21-28⁰C), strategy that was shown to reduce CPB 
duration (less time needed for warming), complication 
rate and HM [54]. However, some degree of hypothermia 
is still required for spinal and visceral protection during 
CA (28¯C +SACP offers a spinal safe period <60 min only 
[56]).
 ATAAD treatment in cases with malperfusion 
 Malperfusion may complicate ATAAD before, 
during and after surgical treatment. In preoperative 
malperfusion, one should distinguish between the 
rather frequent “radiological malperfusion” (i.e. CT 
certified dissection-induced abnormalities in the aortic 
branches) and clinically significant malperfusion 
producing ischemic phenomena in territories supplied 
by the respective branches; the latter affects about 1/3 
of the patients [22]. Mechanisms were exposed before, 
but certain types of malperfusion imply changes of 
surgical indication and management. Most authors 
found that excluding the entry tear and restoring TL 
flow, usually reverses ischemia in the affected organs. 
This is established for coronary ischemia, renal ischemia, 
neurologic ischemic dysfunction (with recent onset < 5h) 
or transitory ischemic attacks and most limb ischemia 
[25] (in >20% of lower limb ischemia, additional bypass 
was required [57]) ; but improvement is questionable in 
paraplegia, frank ischemic stroke (older than 5 h), coma 
or in severe visceral ischemia with bowell necrosis and 
lactic acidosis [35] (in the latter, dissection repair is 
usually delayed, until complication treatment obtains 
viability of the case). In coronary malperfusion, additional 
repair of partially dissected ostia [58] or coronary 
artery bypass-grafting (CABG) is usually required. In 
persistent postoperative malperfusion, branch stenting 
or surgical revascularization should be considered [46]; 
surgical fenestration is rarely used, due to its high risks; 
endovascular fenestration could be an option, but it is not 
performed in all centers operating ATAAD.

OUTCOME OF SURGICAL TREATMENT

 Early outcome. Complicated outcome is 
frequent after ATAAD operations; it may be due to the 

late effects of preoperative tamponade and malperfusion, 
to incomplete diagnosis imposed by emergency (no 
information about coronary patency), high difficulty of 
the operation (long CPB times with CA; hypothermia; 
suture of frail dissected aorta). There are few studies 
focused on complications following ATAAD surgery. In 
our EICVD patients we found at least one complication 
in 70.5% of the 393 ATAAD surgical cases. In the order of 
frequency these were: bleeding (30.2%), multiple organ 
failure (29.3%), neurologic disorders (17%), cardiogenic 
shock (16.5%), sepsis (15.8%) and visceral malperfusion 
(4.3%). Reoperations for increased bleeding are frequent 
23.8% in one study [59] and 20.4% in our patients
 In-hospital mortality (HM). Despite outstanding 
progress in ATAAD management, HM after surgical 
treatment remains high. Even if there are some reports 
with HM <15%, the large multicenter studies report 
higher values: 16.9% in GERAADA (2006-2010) [27] or 
26% (1996-1998) gradually decreasing to 18.4% (2010-
2013), in IRAD [26,9]. In the EICVD experience HM was 
29.5%. Beside progress in surgical means and techniques, 
decreased HM in the best centers is explained by the 
increased use of endovascular associated procedures 
for the management of malperfusion. There are some 
other factors influencing surgical results [60]: time from 
onset to surgery (delay “naturally” excludes unstable 
cases), restrain from surgery in high risk patients 
(severe neurologic deficits and coma, octogenarians, 
severe comorbidities). Results should be analyzed in 
this context, as there are reports with excellent surgical 
results (HM ≈10%) [61] but with surgical treatment 
applied at a very low rate (only 52.4%).
 Causes of death in ATAAD Death may occur 
at any time: preoperatively, intraoperatively and 
postoperatively. Intraoperative mortality is noted in 
patients unable to wean from CPB (due to myocardial 
infarction, acute heart failure), with catastrophic 
bleeding (rupture of FL or of frail aorta adjacent to 
anastomosis) or with severe vasoplegic shock, in context 
of ischemic gut reperfusion. Postoperative death is due to 
persistent bleeding, low cardiac output, stroke, visceral 
malperfusion, sepsis, multiple organ failure.
 Risk factors of HM in ATAAD have been 
intensively studied in the last decades. Already 
demonstrated preoperative risk factors are: increased 
age (>70 years), cardiopulmonary resuscitation, 
coma, hypotension or shock, tamponade, myocardial 
ischemia or infarction, renal dysfunction, increased 
aminotransferase levels, pulse deficits, lower-limb 
ischemia, migrating pain, coagulopathy, SAoaa 
involvement, prior cardiac surgery, iatrogenic dissection 
[60, 62-65, 27]. Some factors are due to malperfusion; 
with each organ affected by malperfusion, the HM risk 
increased with ≈10% (no malperfusion 12.6%; 1,2,3 
organs affected, respectively: 21.3%, 30.9%, 41.6%) [27]. 
Intraoperative factors associated to HM are mainly 
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related to longer operation (total time of surgery, CPB, 
aortic cross-clamping and CA times), the volume of 
blood transfusion [64,27] (operation type related-risk 
was discussed above). 
 Late outcome “Post-operative natural history” 
of ATAAD includes late complications either at the 
proximal level (aortic root and valve), or at a distal level 
(aneurysmal development of aortic segments distal to 
repair). Most (70-80%) of the ATAAD patients leave the 
operative room with a repaired aortic valve and root. 
Root dilation (with 0.6±1.1mm/year [21]) and AoR 
may complicate their outcome. AoR usually follows root 
dilation, or another root pathology (recurrent dissection, 
pseudoaneurysm) [65]. Significant late AoR (>grade2/4) 
was related to features present before initial repair: 
severe AoR [65], root diameter >45mm [66], dissection 
affecting all sinuses or extending to iliac arteries [21]. 
Correcting these complications implies reoperation 
(AVR or valved conduit insertion). 
 After most operations for ATAAD DeBakey 
type I, patients remain with persistent dissection in 
the segments distal to repair; the respective FL may 
close through thrombosis, but usually remains patent 
(PFL) (≈2/3), favouring aneurysmal development in 
downstream to the repair aorta (mostly in distal arch and 
proximal DA), increasing reoperation rate and decreasing 
survival [67, 68]. Reoperation is recommended in large 
(>55mm) or rapidly growing (>10mm/year) aneurysms 
as in those with impending rupture [68]. Treatment may 
be surgical, endovascular or hybrid according to the 
case specifics and to medical possibilities. Late survival 
of surgical patients after hospital discharge was ≈96% at 
1 year and ≈ 91 %, 84% and 71 % at 3, 5 and 10 years 

respectively [69, 70]; patients medically treated only, 
had after discharge a survival of 88% and 68% at 1 and 3 
years, respectively [69].

CONCLUSION

 ATAAD is a disease with elusive presentation 
and extremely severe natural history. Diagnosis requires 
persistent suspicion of the disease in any acute chest 
pain (but also in less suggestive presentations) and 
availablility of imaging techniques on an emergency 
basis - both crucial for avoiding misdiagnosis and fatal 
delays in treatment. Surgical treatment is the required 
management; surgical goal is not curing the dissection, 
but decreasing the incidence of early fatal complications 
of the disease. Despite significant advances over the last 
decades surgical treatment is still burdened by significant 
early mortality (15-30%), due to consequences or 
persistence of malperfusion, difficulty of required 
techniques and to comorbidities. There is ongoing 
scientific debate concerning the strategies and methods 
employed and their tailoring in specific categories of 
patients. These choices also pose ethical problems: as 
frequently, the more extensive surgery is, the worse the 
early results, but the better late outcome; and also on 
the hypothetical frontier between doing “too little” and 
“too much” in extremely high risk cases. The future of 
ATAAD treatment will probably show the increasing use 
of hybrid procedures (surgical and endovascular).
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