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KEY POINTS
 Delays in recognition, diagnosis, and treatment of acute aortic syndromes are associated with unacceptable increases in mortality.
 Signs and symptoms are sometimes subtle and atypical, and a high index of clinical suspicion is
useful to guide the diagnostic evaluation.
 Uncontrolled hypertension is the most significant treatable risk factor for acute aortic syndrome.
 Immediate management involves blood pressure reduction; b-blockers are the first drugs of choice.
 Multidisciplinary evaluation should be a common thread in the management of both type A aortic
dissection (TAAD) and type B aortic dissection (TBAD), with early surgical consultation. TAAD is
managed surgically, whereas patients with uncomplicated TBAD should be treated with medical
therapy.
 Operative techniques in the management of TAAD include selective cerebral perfusion, aortic
valve–sparing procedures, and thoracic endovascular repair (TEVAR) as part of a complex hybrid
procedure when there is involvement of the descending aorta.
 When feasible, TEVAR is considered the first-line treatment of complicated TBAD.

Acute aortic syndromes are preventable but lifethreatening conditions with particularly high
case-fatality rates, despite evolving treatment
guidelines. Management of these conditions relies
on accurate diagnosis and prompt, evidencebased decision making. Acute aortic dissection
(AAD) can be further subdivided into 2 types per
the Stanford classification1: type A aortic dissection (TAAD) involves the ascending aorta with or
without the descending aorta including the aortic
root up to the proximal brachiocephalic artery,

whereas type B aortic dissection (TBAD) involves
only the descending aorta. Pathophysiology of a
dissection involves the separation of the tunica intima from the tunica media with subsequent penetration of blood. The incidence of AAD is estimated
at 16.3 per 100,000 people/y in men and 9.1 per
100,000 people/y in women.2 In-hospital mortality
of patients with type A dissection receiving surgical or medical therapy is estimated at 26.6% and
55.9% respectively.3 Type B dissection carries
less overall in-hospital mortality risk at 13%
compared with TAAD, but is nonetheless associated with significant morbidity.
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The diagnosis of AAD may require a high index
of clinical suspicion, because the presenting signs
and symptoms may be subtle and atypical. Nonetheless, early diagnosis is critical to potentially
avert incremental morbidity and mortality. Immediate and initial management of both TAAD and
TBAD is directed at the reduction of aortic wall
stress through lowering of both heart rate and
blood pressure. Management of TAAD requires
immediate surgical treatment; patients with uncomplicated TBAD are best treated medically.
This article reviews the initial evaluation of, and
pharmacologic management for, AAD. Options
and indications for surgical and endovascular interventions for both TAAD and complicated
TBAD are discussed.

INITIAL EVALUATION: RISK FACTORS,
CLINICAL PRESENTATION, AND DIAGNOSIS
Diagnosis of AAD is paramount in the early stages
of evaluation because mortality is correlated with
symptom onset, and each hour of symptom presentation is associated with a 1% to 2% increase
in risk of mortality in TAAD.4 Risk factors for acute
aortic syndrome include conditions that increase
stress on the aortic wall, such as chronic uncontrolled hypertension, blunt trauma, pheochromocytoma, cocaine or other stimulant use, and
deceleration or torsional injury.1,3,5 Connective tissue disorders like Marfan syndrome, EhlersDanlos syndrome type IV (vascular form), and
Loeys-Dietz syndrome may result in aortopathic
changes, weakening the aortic wall and rendering
it susceptible to aortic dissection.6,7 Congenital
bicuspid aortic valve morphology and pregnancy
are additional predisposing factors that should
not be overlooked.
In the first prospective population-based study
of acute aortic disease, Howard and colleagues8
recently showed that uncontrolled hypertension
was the most significant treatable risk factor for
AAD in a population of nearly 100,000 individuals
participating in the Oxford Vascular Study
(OXVASC). Premorbid control of blood pressure
was often poor even though 67.3% of patients
were prescribed antihypertensive medications.
Review of primary care records in this analysis
showed that nearly half of all patients had at least
one systolic blood pressure reading greater than
or equal to 180 mm Hg in the 5 years preceding
their acute aortic event. Findings from OXVASC
are a confirmation of the robust association
between hypertension and AAD and are a call to
action to better manage this treatable risk factor.
The diagnosis of AAD may be challenging to
make because of the diverse and sometimes

subtle symptoms with which patients may present
and the overlap between signs and symptoms of
acute aortic syndromes and those of other disorders like acute myocardial infarction. Nonetheless,
sudden onset of severe chest pain that radiates to
the neck or jaw in ascending dissection, and to the
back in descending dissection, are classic presentations. Atypical symptoms such as neurologic
deficits or cramping abdominal pain are also
observed.9 Symptoms of heart failure may be
secondary to aortic valve regurgitation (generally
from aortic leaflet prolapse or distortion of
leaflet alignment by the dissection flap) or dilation
of the aortic root. Patients may also present with
tamponade, myocardial infarction, or shock. In
addition, patients may experience hoarseness,
stridor, dyspnea, or dysphagia caused by compression from an expanding aorta. End-organ effects such as embolization of atherosclerotic
debris into the kidneys or distal extremities may
be seen. Hypertension may or may not be seen
with AAD, and with some patients hypotension
may portend a worse outcome.10
Cardiovascular examination should be focused
on the assessment of signs of cardiac tamponade,
including jugular venous distension, pulsus paradoxus, changes in pulse pressure, and distant
heart sounds on auscultation. Extremities should
be examined for perfusion deficits, including diminished or absent pulses, and limb ischemia. Neurologic complications may occur, with syncope seen
in 9% of AADs and secondary to tamponade, aortic
rupture, cerebral vessel obstruction, or activation
of cerebral baroreceptors.6 Positive likelihood predictors on examination suggestive of AAD are suddenness of chest pain, tearing or ripping quality
with migration, history of hypertension, focal
neurologic deficits, and a pulse deficit.11 Three independent clinical factors can be used in a prediction model: chest pain, mediastinal widening, and
pulse/blood pressure differentials. Probability of
dissection was 7% in the absence of these factors,
31% with isolated finding of aortic pain, 39% with
isolated finding of mediastinal widening, and
greater than 83% blood pressure/pulse differential
with any combination of the other factors.12
Imaging is essential in establishing the diagnosis
of AAD. Chest radiograph should be performed on
low-risk and intermediate-risk patients as a precursor to more advanced imaging.10 High-risk patients need definitive aortic imaging during initial
evaluation. Computed tomography (CT) is especially useful for detecting descending aortic aneurysm or dissection and is the preferred modality for
urgent evaluation given its ability to be performed
quickly. The sensitivity of CT for identifying type
A and B AAD exceeds 90%.13 Transesophageal
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echocardiography is particularly useful in offering
dynamic information about the aortic valve,
including the presence and severity of aortic regurgitation. Magnetic resonance imaging can be
considered but is used less in practice, comprising
less than 1% of the total number of initial imaging
studies ordered, limited largely by the time needed
for image acquisition.3 All three modalities have
comparable sensitivity and specificity for diagnosing or ruling out AAD.14
The excessive mortality associated with AAD
makes the need for timely, accurate diagnosis critical. However, variability in presentation, as discussed, may delay definitive imaging and
diagnosis. A serum biomarker (if widely available,
cost-effective, and adequately sensitive and specific) could facilitate the diagnosis, counter some
of the clinical uncertainty associated with presentation, and avoid delays in imaging and treatment.9
D-dimer is the most promising biomarker for risk
stratification in suspected AAD and is available
for use at the point of care. A cutoff level of
500 ng/mL has been confirmed in multiple studies
to rule out AAD.10 An even more stringent D-dimer
level of less than 100 ng/mL is thought to achieve a
negative predictive value of 100%.15 The largest
study on the use of D-dimer in AAD showed a
sensitivity and specificity of 95.7% (95% confidence interval [CI], 78.1–99.9) and 61.3% (95%
CI, 42.2–78.2), respectively, at a cutoff level of
500 ng/mL, within the first 6 hours of presentation
of AAD.16 This study also showed that AAD could
be ruled in using a cutoff of 1600 ng/mL in the
initial 6 hours. Fig. 1 shows how D-dimer testing
could be used to rule in or rule out aortic dissection
in the appropriately selected patient presenting
with chest pain.

INITIAL THERAPY
Once the diagnosis has been established, initial
management in both type A and B AAD is directed
at hemodynamic stabilization, achieving stringent
blood pressure control and limiting end-organ
damage. Efforts directed at minimizing the exposure of the aortic wall to sheer stress and stopping
the propagation of dissection are foremost. Surgical consultation should be sought in all patients
with AAD.10 Common themes for management of
both type A and B AAD include invasive hemodynamic monitoring, achieving hemodynamic stability, and pain relief. Blood pressure should be
regulated between 100 and 120 mm Hg systolic
and less than or equal to 60 to 70 mm Hg diastolic.
Refractory hypotension should be managed with
rapid volume expansion in combination with vasopressors (such as norepinephrine or phenylephrine) to maintain organ perfusion in anticipation of
definitive surgical repair.
First-line pharmacologic therapy for AAD is
beta-blockade, generally in rapid-acting intravenous formulations of esmolol, labetalol, or propranolol. The short half-lives of these agents,
combined with their capacity for quick titration,
make them ideally suited to blunt the 3 components that contribute to aortic wall stress: velocity
of ventricular contraction, rate of ventricular
contraction, and blood pressure. Beta-blockade
should be used cautiously in the setting of aortic
regurgitation because it may compromise compensatory tachycardia. In an analysis of 1301 patients with AAD in the International Registry for
Acute Dissection (IRAD) global registry database
and followed for less than or equal to 5 years to
analyze the impact of medications on mortality,

Patient presenting with chest pain

Rapid diagnostic test
Blood test (incl. D-dimer)
Chest x-ray, Electrocardiogram
Echocardiogram

D-dimer < 500 ng/mL

D-dimer > 1600 ng/mL

Rule-out aortic
dissection if within
24 hrs of onset and
if no other signs of
disease are seen on
other tests

Rule-in aortic
dissection if within
6 hrs of onset and
continue to further
diagnostic test such
as imaging procedure

Fig. 1. D-dimer is the most promising
biomarker for risk stratification in suspected AAD and is available for use at
the point of care. A cutoff level of
500 ng/mL has been confirmed in
multiple studies to rule out AAD.
AAD could be ruled in using a cutoff
of 1600 ng/mL in the initial 6 hours.
(Data from Suzuki T, Distante A,
Zizza A, et al. Diagnosis of acute
aortic dissection by D-dimer: the International Registry of Acute Aortic
Dissection Substudy on Biomarkers
(IRAD-Bio) experience. Circulation
2009;119(20):2702–7.)
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Suzuki and colleagues17 showed that betablockade was associated with improved survival
in all patients (P 5 .03), in patients with TAAD overall (P 5 .02), and in patients with TAAD who
received surgery (P 5 .006).
Multiple antihypertensive agents are often
required to achieve target blood pressure acutely.
Sodium nitroprusside can be used as an adjunct
for blood pressure control. Its use as a sole agent
should be avoided, because the vasodilating
effect can lead to a reflex tachycardia and an
increased force of left ventricular contraction. Sodium nitroprusside is therefore generally coadministered with beta-blockade and once adequate
heart rate control has been achieved. Infusion periods of sodium nitroprusside should be as short
as possible to minimize the risk of thiocyanate
and cyanide toxicity.
Nondihydropyridine calcium channel blockers,
such as verapamil or diltiazem, may be used in
patients intolerant of beta-blockade or in whom
inadequate heart rate control is achieved with
beta-blockade alone. In the aforementioned analysis of the IRAD global registry database to analyze
the impact of medications on survival, Suzuki and
colleagues17 showed that calcium channel blockers

are associated with improved survival in patients
with TBAD overall (P 5 .02) and in those with
TBAD receiving medical management (P 5 .03).
Although not associated with a survival advantage in the acute setting,17 angiotensinconverting enzyme inhibitors have a role acutely
when the patient with an acute aortic event remains hypertensive, and may also reduce longterm aortic events in medically treated TBAD.18
Renal insufficiency and hyperkalemia may limit
the use of angiotensin-converting enzyme inhibitors, and pregnancy and angioedema on previous
therapy are absolute contraindications. Hydralazine is generally contraindicated in the management of AAD unless the heart rate has been well
controlled and the risk for reflex tachycardia has
been mitigated.
Once hemodynamic stability is established,
treatment strategies between type A and B dissections diverge. With TAAD, the mainstay of therapy
is emergent surgical repair, if possible. With type B
dissection, aggressive medical management with
surveillance imaging is the standard for uncomplicated disease and represents the best strategy to
date carrying the lowest mortality compared with
endovascular repair and open surgery.19 Fig. 2

Fig. 2. The initial management is similar for both type A and type B AAD and centers on establishing hemodynamic stability. The management paradigm then diverges depending on whether a patient has TAAD or TBAD.
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shows a summary of the principles of treatment of
both TAAD and TBAD.

SURGICAL MANAGEMENT OF TYPE A AAD
Patients with TAAD require emergent surgical
repair. Operative management involves resection
of the intimal tear to the proximal extent of the
dissection when possible, elimination of entry
into the false lumen proximally and distally, and
interposition graft replacement of the aorta. Resuspension or replacement of the aortic valve is
required when dissection involves the aortic root
and compromises the function of the aortic valve.
When the function of the aortic valve is preserved,
patients may be treated with valve-sparing procedures such as the David or Yacoub technique,
but these surgeries are generally technically
demanding and should be performed at highvolume centers with specialized expertise.20,21 If
the dissection involves the aortic valve, aortic
root, and ascending aorta, a Bentall procedure
may be performed through which a composite
graft is used to replace all of the affected components with reimplantation of the coronary arteries
into the graft. The elephant trunk technique, which
necessitates a staged operation, may offer
reduced patency of the false lumen.22 When
extensive tears in the aortic arch are present (as
in 15%–20% of all patients with TAAD), as well
as in the presence of arch aneurysm, complex
arch dissection, or connective tissue disease, total
arch replacement should be considered and
supra-aortic vessels may be reimplanted separately or with the use of the island technique.23,24
Postoperative mortality ranges from 10% to
35%.25 Medical management alone is associated
with incrementally greater risks, with a mortality
of 20% at 24 hours following presentation, 30%
at 48 hours after presentation, and greater than
50% more than 1 month following presentation.1
Nonetheless, for extremely ill patients, operative
intervention may not be offered because mortality
is highly likely with or without surgery. Although
surgical mortality increases with age, the relative
benefits of surgery outweigh the risks of medical
management alone for TAAD until at least the
age of 80 years and decision making about risks
and benefits of operative management should be
individualized. In the German Registry for Acute
Aortic Dissection Type A (GERAADA), septuagenarians had a 30-day postoperatively mortality of
16% (n 5 60 of 381), compared with 35%
(n 5 29 of 83) among octogenarians.26 Stroke remains an important postsurgical complication of
open thoracic surgical repair, developing in 4%
to 8% of patients. A brain-protective strategy to

prevent stroke is a cornerstone of the surgical,
anesthetic, and perfusion techniques used during
open surgical repair, and selective cerebral perfusion may be a useful strategy during complex
repair of the aortic arch.10,27
Although surgical repair is the standard of care
for the appropriate operative candidate with
TAAD, endovascular repair may offer a second option for those who are not surgical candidates or
who refuse surgical repair, or as a bridge to definitive surgical repair. Among patients with TAAD,
endovascular procedures (eg, transcatheter fenestration) relieve malperfusion by decompressing
the false lumen (equalizing pressures between the
true and false lumens) and facilitating reexpansion
of the true lumen. Stent placement in the true
lumen may redirect flow into the true lumen and
facilitate closure of the entry tear into the false
lumen. When transcatheter fenestration is performed, complimentary aortic branch stenting
may be used as adjunct to manage malperfusion.28,29 Total endovascular treatment of TAAD remains an experimental procedure, but has been
successfully performed and reported.30
Hybrid procedures are not routinely performed,
but may have a role at high-volume centers with
specialized expertise and for patients considered
unsuitable for open surgical repair. The limited
data on outcomes from hybrid repair of the aortic
arch and such information, derived primarily from
a heterogeneous collection of case series and
retrospective studies, indicate that this procedure
is associated with considerable perioperative
morbidity and mortality. In a systematic review
of 50 studies involving hybrid aortic arch procedures from 2002 to 2011, Cao and colleagues31
showed pooled rates of mortality of 9.8% (95%
CI, 7.7–12.4); perioperative stroke, 4.3% (95%
CI, 3.0–6.3); and spinal cord ischemia, 5.8%
(95% CI, 4.2–7.9).
Although TAAD is overall a highly lethal condition, a recent analysis drew attention to the potential added lethality of TAAD complicated by
mesenteric malperfusion, in particular. In a retrospective analysis of nearly 2000 consecutive patients with TAAD enrolled at 18 institutions
between December 1995 and August 2010 in
the IRAD, mesenteric malperfusion was detected
in 68 (3.7%) of 1809 patients. Overall in-hospital
mortality was 63.2% (43 of 68) and 23.8%
(414 of 1741) in patients with and without mesenteric malperfusion, respectively (P<.001).32 Inhospital mortality of patients with mesenteric
malperfusion receiving medical, endovascular,
and surgical/hybrid therapy was 95.2% (20 of
21), 72.7% (8 of 11), and 41.7% (15 of 36),
respectively (P<.001). Patients with mesenteric
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malperfusion were less likely to undergo surgical/
hybrid treatment (52.9% vs 87.9%; P<.001) and
more likely to receive medical (30.9% vs
11.6%; P<.001) or endovascular (16.2% vs
0.5%, P<.001) management, compared with patients without mesenteric malperfusion. Although
this analysis was not able to establish the best
therapeutic option for the management of TAAD
complicated by mesenteric ischemia, it does
call attention to the potential underuse of the
therapeutic strategy that may be associated
with the best outcomes in this particularly vulnerable population.32

MANAGEMENT OF TYPE B AAD
The management of TBAD involves 3 key principles: medical management of uncomplicated
TBAD, accurate definition and characterization
of a complicated event, and endovascular treatment of complicated TBAD to achieve optimal
outcomes.19 Patients with uncomplicated TBAD
should be managed with aggressive medical therapy. An analysis from the IRAD database established an in-hospital mortality of 13% among
those with acute TBAD, with most deaths occurring in the first week following the acute aortic
event.33 Furthermore, among patients with uncomplicated TBAD, 90% of patients survive
hospitalization with adequate antihypertensive
therapy.
At present, thoracic endovascular repair
(TEVAR) has failed to show outcomes that are superior to medical management alone among patients with uncomplicated TBAD. The INSTEAD
(Investigation of Stent Grafts in Patients with Type
B Aortic Dissection) trial did not show a survival
advantage of patients with subacute or chronic uncomplicated TBAD treated with TEVAR compared
with medical management,34 and the 1-year results of the ADSORB (A European Study on Medical Management vs TAG Device plus Medical
Management for Acute Uncomplicated Type B
Dissection) trial showed more frequent false lumen
thrombosis and aortic remodeling in those patients
with acute TBAD treated with TEVAR compared
with those managed medically.35 In the absence
of long-term outcome data, medical treatment is
therefore the preferred management paradigm for
uncomplicated TBAD. Although outcomes following medical management of uncomplicated
TBAD may be favorable, aneurysmal evolution
and eventual rupture may occur, sometimes
without warning symptoms. Accordingly and
initially, surveillance with CT or magnetic resonance imaging is indicated at admission, 7 days,
discharge, and within 6 weeks.10

The management of complicated TBAD begins
with identification of a complicated acute aortic
event, for which there are no uniform criteria.
Approximately 25% of patients presenting with
TBAD are complicated at admission by malperfusion syndrome or hemodynamic instability, justifying a more aggressive approach.36 A recent
Interdisciplinary Expert Consensus Document on
Management of Type B Aortic Dissection19 established the following as the definition for complicated TBAD: (1) malperfusion, (2) refractory
hypertension, and (3) increase in periaortic hematoma and hemorrhagic pleural effusion in 2 subsequent CT examinations. Malperfusion syndrome,
reported in 10% of patients with TBAD, may lead
to a variety of signs and symptoms depending
on the aortic branches that are involved. Paraparesis or paraplegia may signify involvement of the
spinal arteries; lower limb ischemia, the iliac arteries; and abdominal pain, nausea, and diarrhea,
the visceral arteries. Organ malperfusion may be
corroborated by laboratory markers, as with bilirubin, amylase, and hepatic enzymes associated
with mesenteric and celiac artery malperfusion.
Refractory hypertension constitutes hypertension
persisting despite 3 or more different classes of
antihypertensive therapy at maximal recommended or maximal tolerated doses and not having
been present before the onset of dissection. The
inclusion of refractory hypertension in the definition of complicated TBAD is partly informed by
data from IRAD, in which in-hospital mortality
among patients with medically managed TBAD
was significantly greater in those with refractory
hypertension, compared with those without
(35.6% vs 1.5%, P 5 .0003).37
Once the patient with complicated TBAD is identified, TEVAR, when feasible, should be considered
the first-line treatment.19,38 Open surgery should
be reserved for patients in whom endovascular
techniques are not feasible or have failed. Midterm
results after endovascular treatment of acute,
complicated TBAD from the Talent Thoracic Registry are favorable.39 In this registry of 29 patients
with acute complicated TBAD, freedom from treatment failure (defined as reintervention; aortic
rupture; device-related complications; aorticrelated death; or sudden, unexplained late death)
at 1 year and 5 years was 82% and 77%,
respectively.
Overall, TEVAR is associated with in-hospital
mortality between 2.6% and 9.8% and neurologic
complications between 0.6% and 3.1%.40,41
Stroke, paraplegia and paraparesis, incidental occlusion of the left subclavian artery, and inadequate placement of the graft are all significant
complications of TEVAR.42 Paraplegia is among
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the most feared complications of descending
thoracic aortic repair. As a spinal-protective strategy, cerebrospinal fluid drainage is an option during open and endovascular thoracic aortic repair
for patients at high risk for spinal cord ischemic
injury.10

3.

4.

SUMMARY
Acute aortic syndromes are among the most lethal
of the cardiovascular diseases. Delays in recognition, diagnosis, and treatment are associated with
unacceptable increases in mortality. Signs and
symptoms are sometimes subtle and atypical
and a high index of clinical suspicion is useful to
guide the diagnostic evaluation. Although underlying connective tissue diseases, pregnancy, and
aortopathy associated with congenital bicuspid
aortic valve morphology should not be overlooked
as predisposing conditions, uncontrolled hypertension remains the most significant treatable risk
factor. Immediate management involves blood
pressure reduction. b-Blockers are the first drugs
of choice. Multidisciplinary evaluation should be a
common thread in the management of both TAAD
and TBAD, with early surgical consultation. TAAD
is managed surgically, whereas patients with uncomplicated TBAD should be treated with medical
therapy. Operative techniques in the management
of TAAD have evolved and include selective cerebral perfusion, aortic valve–sparing procedures,
and TEVAR as part of a complex hybrid procedure
when there is involvement of the descending aorta.
Complicated TBAD, characterized by malperfusion, refractory hypertension, and/or radiographic
evidence of an enlarging periaortic hematoma or
hemorrhagic pleural effusion on serial imaging, requires more aggressive therapy. When feasible,
TEVAR is considered the first-line treatment of
complicated TBAD. False lumen expansion is the
main complication of chronic type B dissection
and mandates appropriate surveillance. Although
future directions should involve the evolution of
operative and endovascular techniques and the
development of sophisticated risk prediction tools,
risk factor modification by addressing the burden
imposed by uncontrolled hypertension cannot be
overlooked.
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