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Acute type A aortic dissection (AcA-AoD) is a surgical emergency associated with very high morbidity and
mortality. Unfortunately, the early outcome of emergency surgical repair has not improved substantially over
the last 20 years. Many of the same debates occur repeatedly regarding operative extent and optimal conduct
of the operation. The question remains: are patients suffering from too large an operation or too small?
The pendulum favoring routine aortic valve resuspension, when feasible, has swung towards frequent aortic
root replacement. This already aggressive approach is now being challenged with the even more extensive
valve-sparing aortic root replacement (V-SARR) in selected patients. Distally, open replacement of most
of the transverse arch is best in most patients. The need for late aortic re-intervention has not been shown
to be affected by more extensive distal operative procedures, but the contemporary enthusiasm for a distal
frozen elephant trunk (FET) only seems to build. It must be remembered that the first and foremost goal of
the operation is to have an operative survivor; additional measures to reduce late morbidity are secondary
aspirations. With increasing experience, true contraindications to emergency surgical operation have
dwindled, but patients with advanced age, multiple comorbidities, and major neurological deficits do not fare
well. The endovascular revolution, moreover, has spawned innovative options for modern practice, including
ascending stent graft and adaptations of the old flap fenestration technique. Despite the increasingly complex
operations and ever expanding therapies, this life-threatening disease remains a stubborn challenge for all

cardiovascular surgeons. Development of specialized thoracic aortic teams and regionalization of care for

patients with AcA-AoD offers the most promise to improve overall results.
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Introduction

Aortic dissection is a catastrophic disease process, with an
age-dependent incidence ranging from between 3.5 and
6/100,000 person-years in the general population to as high
as 10/100,000 person-years in the elderly (1-3). Early surgical
treatment for patients with acute type A aortic dissection
(AcA-AoD) was punctuated by mortality between 28%
and 58% (4,5). Despite continuous advances in diagnostic
methods, operative technique, and perioperative care, AcA-
AoD remains a major unsolved cardiovascular surgical
challenge, as illustrated by the most recent International
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Registry of Acute Aortic Dissection (IRAD) report showing
an 18% operative mortality in a contemporary cohort
[2010-2013] (6). The evolution of surgery for AcA-AoD has
not been straightforward: recurring themes have arisen and
faded repeatedly, and critical appraisal is warranted (Video 1).

Terminology and classification
Stanford vs. DeBakey

Simple anatomic features affect both the biological behavior
of the dissection and the clinical management of patients
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with aortic dissection. Many classification systems have
been promoted since the 1950s, but only two are used
today: the Stanford and DeBakey nomenclatures. Initially
proposed in 1970 by Daily ez 4l., the Stanford classification
differentiates among aortic dissections based on whether
the ascending aorta is involved, regardless of the site of
tear and irrespective of the distal extent of dissection. If the
ascending aorta is involved, then the patient is classified
as having a type A dissection; if the ascending aorta is not
involved (including arch dissections), then the patient
is classified as a type B dissection (4). This functional
approach is both relevant and simple: type A dissection
requires emergency surgical intervention through a
sternotomy, whereas type B dissection is primarily managed
with medical therapy unless it is complicated. The site of
primary intimal tear (PIT) was not originally mentioned
in the Stanford A/B system, but today is an additional
important variable that affects management decisions. The
DeBakey classification, which changed in 1982 to become
more similar to the Stanford classification, is as follows:
dissections not involving the ascending aorta are termed
type III, those limited to the ascending aorta are DeBakey
type 11, and dissections involving the ascending, arch, and
descending aorta, are classified as type I (7,8). Dake et 4l.
have recently proposed a simple and practical classification
for the triage of patients with aortic dissection which
highlights the anatomic and clinical features necessary to
make treatment decisions using the mnemonic “DISSECT”:
Duration, Intimal tear (location), Size (maximum
diameter), Segmental Extent (ascending, descending, etc.),
Complications, and Thrombosis of the false lumen (9).
This scheme is aimed at the initial communication between
a physician at an outlying hospital and the surgeon at the
thoracic aortic referral center.

Chronicity

In the original Stanford classification scheme proposed
by Daily et al., patients presenting within two weeks of
aortic dissection were arbitrarily labeled acute, and those
presenting beyond two weeks were labeled chronic (4). The
current practice is for patients with AcA-AoD to undergo
emergent operative intervention; those with chronic type
A aortic dissection may be observed for development of
symptoms, aneurysmal dilatation, or aortic insufficiency.
Distinguishing between acute and chronic dissection in the
patient presenting with acute chest pain can sometimes be
difficult, but transesophageal echocardiography (TEE) or
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fast, thin-slice, gated computed tomographic angiography
(CTA) usually can clarify the situation. When the dissection
acuity is in doubt, the symptomatic patient should initially
be treated as if the dissection were acute until proven
otherwise.

Spectrum of disease

The classic form of aortic dissection is defined as ingress of
blood into the wall of the aorta with subsequent separation
of the mural layers (10). As early as the 19th century,
the importance of the intimal tear was recognized by
Peacock who hypothesized that dissection was the result of
disruption of the “internal coats of the vessel” (11). Included
within the pathological spectrum of aortic dissection are
limited intimal tear (LIT), intramural hematoma (IMH),
and penetrating aortic ulcer (PAU). IMH is pathologically
distinct from aortic dissection as it lacks an intimal defect
and thus has no communication with the true aortic
lumen but is still able to propagate longitudinally along
the aortic wall. In patients with LIT, which we also call
“intimal stretch marks” or “mushroom caps”, the intima
is torn, exposing the media without propagation of any
hematoma in either direction or rupture (12). Erosion into
the media may manifest as a PAU, which has a characteristic
outpouching appearance (what the Japanese call “ulcer-like
projection”) on angiography or CTA (12,13). All of these
entities exist on a spectrum, e.g., PAU may evolve to include
IMH, IMH may progress to a true dissection, a non-
reentering false lumen in a classic dissection may thrombose
and thereafter mimic IMH. The implications of these
pathologic variants as they apply to the ascending aorta
are largely academic, as each is typically treated similarly
to classic dissection (14,15). There may be geographic
and ethnic distinctions in the behavior of IMH, however,
as reports from Japan have shown a more benign natural
history compared to aortic dissection (16,17), and acute
type A IMH has been documented to heal spontaneously in
a subset of Korean patients (18).

Evolution of surgical therapy
Natural history

In the first half of the 20" century, aortic dissection was
most commonly a post-mortem diagnosis (10). The inability
to accurately diagnose these patients presented only part
of the problem as surgical therapy was untested, and early
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medical therapy—sedation and bedrest—was largely
ineffectual. As a result, the natural history of acute aortic
dissection, either type A or type B, was almost uniformly
progressive and fatal. In Hirst’s series of 505 cases gathered
between 1933 and 1954, the mortality rates were 21% at
24 hours, 74% at 14 days, and 93% at one year (10). This
echoed Austen et al.’s report of 50 patients treated with
supportive care at the Massachusetts General Hospital
(MGH): 55% mortality at 14 days and 86% mortality
at one year (19). Without surgical correction, patients
eventually succumbed to aortic insufficiency, aortic rupture,
myocardial infarction from extension into a coronary artery,
or malperfusion secondary to obstruction of a branch of the
aorta supplying the brain, viscera, or limbs.

Scylla and Charybdis: medical or surgical therapy?

The earliest operation to address acute aortic dissection was
pioneered by Gurin, who performed an iliac fenestration to
decompress a non-reentering false lumen causing acute leg
ischemia (20). Subsequent efforts to treat AcA-AoD were
based on this concept of fenestration. In 1955, DeBakey
created a reentry tear in the proximal descending thoracic
aorta in order to decompress the false lumen in the ascending
aorta and aortic arch with obliteration of the distal false
passage through a posterolateral thoracotomy (21). Around
the same time, Shaw and colleagues at the MGH performed
a fenestration in the abdominal aorta in a patient with AcA-
AoD and evidence of lower extremity malperfusion (22).
Operative mortality for fenestration at the MGH was up to
50% (9 of 18) with an additional 28% mortality by one year
secondary to further dissection or aortic rupture (19,23).
Flap fenestration was soon recognized to be palliative as it
failed to restore the mural integrity of the ascending aorta
and arch (7); however, without cardiopulmonary bypass,
interventions on the ascending aorta and arch required
either complicated extra-anatomic bypasses or ineffective
circumferential aortic wrapping (24,25).

With the advent of extracorporeal circulation, surgeons
were able to intervene directly on the ascending aorta. At
the beginning, the most commonly performed operation for
AcA-AoD was suture obliteration of the false lumen both
proximally and distally, followed by primary re-anastomosis
of the aorta; graft replacement was reserved for chronic
dissections (7,23,25-28). By 1961, the group in Houston
had amassed 72 operative cases of aortic dissection, and
this had grown to 179 cases by 1965. On the basis of this,
DeBakey developed his three-type classification system (vide
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supra) that was used to guide the operative approach (7,29).
The overall results reported in 1965 included an operative
mortality rate of 21%, and operative mortality was only
12% in the most recent period [1961-1964]. Based on this
report, operative intervention on aortic dissection became
broadly accepted. Reading the fine print of DeBakey’s
experience, however, revealed that chronic dissections
represented 68% of the series, and only 21% of the patients
had dissections involving the ascending aorta. The results of
ascending aortic procedures for acute and chronic dissection
were more sobering with an overall 30% mortality rate;
moreover, the mortality rate for AcA-AoD was 40% (7).
Buoyed by DeBakey’s favorable results, centers across
the country began to attempt emergency surgical repair
on patients with acute aortic dissections. The results were
notably less successful, viz., Wheat et al. at the University of
Florida operated on five patients with acute dissection and
one with a chronic dissection between 1958 and 1963 with a
mortality rate of 100% (30-33). Based on experimental data
in rabbits and dogs in addition to observational studies in
turkeys, Wheat and Palmer, a clinical pharmacologist, treated
six consecutive patients with uncomplicated aortic dissection
medically and all survived the acute phase, thus giving birth
to medical therapy of aortic dissection (31). The long-term
results of “impulse reduction” medical therapy, however, were
modest: McFarland reported only a 52% survival rate (11/21)
in patients with acute dissections, both type A and type B, ata
mean follow-up of 39 months (34). Thus, the cardiac surgeon
was forced to navigate between the metaphorical Scylla and
Charybdis: choosing between a very risky operation and
medical therapy with uncertain long-term effectiveness.

Type B or not type B? That is the question

A critical refinement in the appropriate selection of patients
for either operative intervention or intensive medical
management was reported by Daily ez 4/. in 1970, with
the revelation that the optimal strategy varied based on
whether the ascending aorta was involved. Whereas medical
management was associated with 67% mortality in AcA-
AoD, the operative mortality rate was 28%. For patients
with acute type B aortic dissection, mortality was equivalent
between surgical and medical treatment. On the basis of
these results, the Stanford group recommended emergency
operation through a sternotomy for patients with AcA-AoD
and medical management of those with acute type B aortic
dissection, unless complications arose (4). These results
were paralleled at the Peter Bent Brigham Hospital and
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the University of Alabama emphasizing the importance of
distinguishing between type A and type B dissections (35,36).
Rapid diagnosis and institution of appropriate therapy
became key: should the patient be rushed to the operating
room or go to the intensive care unit? A renaissance in
diagnostic imaging greatly aided this dilemma.

In that era, only direct aortography was available to
make the reliable ante mortem diagnosis of aortic dissection
and determine whether the ascending aorta was involved;
it rapidly became an obligatory element of the diagnostic
workup of patients with suspected aortic dissection
(35,37,38). The early reliance on invasive, time-consuming,
risky aortography was eventually replaced by less invasive,
faster, and more convenient diagnostic imaging methods
including the current main-stay, CTA (39-41). In these
early days, the sensitivity and specificity of early computed
tomography (CT) in detecting thoracic aortic dissection
lagged behind that of other imaging modalities such as
TEE and magnetic resonance imaging (MRI) (42). As non-
invasive imaging methods improved, the folly of continued
reliance on direct aortography became apparent. Not only
did angiography carry intrinsic risk, but it also caused a
substantial operative delay associated with an increase
in mortality (43). In response to this, referral centers
for thoracic aortic surgery developed integrated rapid
diagnostic protocols for the evaluation of patients with
suspected acute aortic dissection after direct transfer to the
operating room or hybrid OR using TEE, Dyna CT, or
occasionally angiography (44,45).

At the end of the 20" century, the initial imaging
modality for patients diagnosed with AcA-AoD was
CT in 46% and echocardiography (transthoracic or
transesophageal) in 50%, but there has been an increasing
trend to use CTA (up to 73% between 2010 and 2013)
as the initial diagnostic tool, with echocardiography
representing 23% (6). The proliferation and refinement
of CT technology has allowed for expeditious diagnosis
locally followed by Air-Evac transfer to a thoracic aortic
referral center where an experienced cardiovascular surgeon
and multidisciplinary aortic team are available (41,46).
The preference at Stanford is for patients to be transferred
directly to the operating room where they are anesthetized,
and TEE is performed to confirm the presence of dissection
involving the ascending aorta, map out the location of the
PIT and major flap fenestrations, and evaluate downstream
flow dynamics. This strategy avoids unnecessary
preoperative delays along with preventing unnecessary
operations for patients with a false positive finding on the
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initial CTA performed at the referring institution.

Nihil sub sole novum: the cyclical debate on extent of
operation

In 1970, the Stanford group advocated for replacement
of the ascending aorta rather than aortorrhaphy or
fenestration, which were preferred by others, on the basis
that graft replacement of the aorta would reduce the
tension on friable aortic tissue in addition to guarding
against repeat dissection and the development of late aortic
insufficiency (4). Thereafter, replacement of the ascending
aorta became the standard approach, but the proximal
and distal extent of operation became—and continues to
be—controversial. With advances in operative technique,
cardiopulmonary bypass technology, and perioperative care,
the technical feasibility of extensive aortic replacement has
become less of an issue. What remains unknown is how to
select precisely the patients who will benefit long-term from
a more extensive initial operation.

Replacement of the valve and root

The approach to both the aortic valve and root has generally
been conservative at Stanford. Indeed, the majority of
patients at not only Stanford but also the Cleveland Clinic
have had their aortic valve and root preserved using supra-
coronary aortic grafts, commissural resuspension, and a
variety of sinus of Valsalva reparative techniques with a
low rate of subsequent re-intervention for late aortic valve
issues (38,41,47-49). This conservative attitude towards
the valve per se can be continued, even if root replacement
is necessary. Tirone David re-implantation valve-sparing
aortic root replacement (V-SARR) in carefully selected,
younger AcA-AoD patients who are not moribund has been
reported with acceptable mid-term results from Hannover,
Germany and by Chen’s group at Emory (50,51).

If the valve cannot be conserved in a durable manner due
to abnormal cusp pathology or dissection trauma, it should
be replaced. Although bioprosthetic valves have proven
to be reasonably durable when used in patients over 65—
70 years of age, younger patients undergoing aortic valve
replacement (AVR) with a bioprosthesis [either separately or
as part of a composite valve graft (CVG) root replacement]
face a much higher risk of bioprosthetic structural valve
deterioration (SVD) within 15 years, and this markedly
tempers enthusiasm for this approach (52-54). Mechanical
prosthetic AVR requires life-long anticoagulation with
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the attendant risk of bleeding and embolic complications.
Among patients 50-69 years old, though, mechanical
AVR has a much lower risk of reoperation and may in fact
impart a survival benefit (55-57). Mechanical prostheses
are recommended for AVR in patients younger than 60
unless there are contraindications to anticoagulation, while
bioprosthetic valves are favored among patients older than
70 (58). For those aged 60-70, individual judgment is
necessary, with consideration of the patient’s life expectancy
and comorbidities. In AcA-AoD, we continue to believe
that preservation of the aortic valve is preferable if the
cusps are relatively normal, since the ideal prosthetic valve
substitute does not exist. In addition to preoperative clinical
status and direct inspection, intra-operative TEE is critical
to determine which patients should have their valves and/or
root preserved (59).

Techniques for extending the operation proximally have
evolved over time. Early in the experience at Stanford,
Teflon felt was used to fill the false lumen and reinforce
the aorta externally (41,48). Although Teflon felt is only
very rarely used today at Stanford for any thoracic aortic
procedure (instead we rely on fine suture with a small needle
to reconstruct the dissected layers), this technique is used
commonly elsewhere to avoid CVG replacement (44,60,61).
In Europe during the 1980s and 1990s, gelatin-resorcinol-
formaldehyde (GRF) “French” glue was popular for
reconstructing the friable Sinus of Valsalva tissue. It reduced
bleeding and facilitated sewing the proximal anastomosis
with adequate mid-term outcomes (62-66). Subsequently,
the occurrence of false aneurysms in glued aortic segments
with pathological evidence of reactive fibrosis and tissue
necrosis dampened enthusiasm for glue in aortic surgery,
and this was especially the case with GRF French glue due
to concerns about the toxicity of its formalin component
(64,67-69). Despite newer formulations of biologic glue—
bovine serum albumin with glutaraldehyde (BioGlue,
CryoLife Inc., Kennesaw, GA, USA)—having removed the
formalin, concerns about tissue necrosis and the potential
for false aneurysm formation still remain (68,70,71). We
do not routinely use biologic glue to reconstruct the aortic
root or distal aorta. Patients in whom a more extensive
and complex operation may not be tolerated—including
those with major comorbidities, extremely advanced age,
or critical preoperative condition—where there is severe
dissection-induced damage to the aortic root may benefit
from a smaller procedure facilitated by the use of biologic
glue, provided that it is used very sparingly and carefully.
This is a compromise, and these patients must undergo
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enhanced postoperative surveillance of the glued aortic
segments.

Advocates for more extensive proximal work during
the initial operation point to the potential need for late
reoperation on the valve and root—with its attendant
morbidity and mortality risk—if a conservative approach is
used at the index operation. This has been a recurring theme
undulating throughout the history of surgical repair of AcA-
AoD starting in the 1970s, with Kirklin recommending
root replacement in all patients who required AVR (36,72)
and Cooley recommending AVR for all patients with aortic
regurgitation (73,74). This aggressive approach to the root
was later advocated by Kouchoukos et 4/. and then Massimo
et al. in the 1980s (72,75), and it has since been revived again
by Griepp’s group at Mt. Sinai (76). The earlier practice
at Stanford may have been overly conservative by saving
the valve and sinuses in the vast majority of patients, but it
appears to be the predominant treatment method in Japan
where only 6.2% of AcA-AoD patients underwent root
replacement in 2011 (77).

Performing root replacement using a CVG prolongs
the cardiopulmonary bypass and aortic cross clamp times
(78,79); it also increases the complexity of the operation. In
the hands of expert thoracic aortic surgeons, the mortality
risk may not be substantially elevated (76,78,80); however,
the apparent safety of CVG root replacement may be due in
part to publication bias as low risk has not been universally
observed even among experienced surgeons (61,81). It is
important to recall that the median number of proximal
aortic operations among institutions performing at least
one aortic operation per year in the Society of Thoracic
Surgeons (STS) Adult Cardiac Surgery Database (ACSD)
is only 12 per year per center (82). Mortality is higher in
the elective setting among institutions performing fewer
than 30 aortic root replacements or separate valve graft
procedures annually (83). Another report from the STS
database spanning 2004-2010 including 13,743 patients by
Stamou et al. revealed eye-opening numbers: the median
annual number of aortic root replacement procedures
(excluding acute dissection and endocarditis) was only two
cases in 2009, and only 5% of centers performed >16 aortic
root replacement operations per year (84). As such, it may
not be prudent to recommend universal replacement of the
aortic root in patients with AcA-AoD. This is especially
the case given that the need for late proximal aortic re-
intervention may not actually be any lower than after
ascending repair with valve resuspension (with or without
root repair) (49,76,78,85). Patients with the Marfan

Ann Cardiothorac Surg 2016;5(4):275-295



280

|
R

I

}

\‘_1

Chiu and Miller. Evolution of surgical therapy for Stanford AcA-AoD

Figure 1 Limited aortic root remodeling operation known informally as a “uni-Yacoub” both at Stanford and in Leipzig: (A) extension

of the primary intimal tear into the non-coronary sinus with extensive destruction of the wall; (B) resection of the entire primary intimal

tear leaving an adequate rim of tissue for the remodeling procedure; (C) a custom tailored graft with a single tongue; (D) intraoperative

photograph demonstrating the completed uni-Yacoub remodeling technique.

syndrome (MFS) or other connective tissue disorders are an
exception, as 40% of patients with MFS undergoing supra-
coronary graft replacement for AcA-AoD require another
root operation at 10 years (86). MFS patients—and those
patients with preexisting root aneurysms or extensively
dissected aortic roots—should all undergo CVG aortic root
replacement or a V-SARR.

The valve is frequently normal in patients with AcA-AoD
and thus potentially salvageable in spite of an extensively
dissected aortic root and the presence of aortic regurgitation
(48,60). V-SARR, pioneered by David et «/. (87,88) and
Sir Yacoub er al. (89), has been shown to have satisfactory
15-year results in a variety of settings, including patients
with connective tissue disorders and bicuspid aortopathy,
in the proper experienced hands (90-94). V-SARR has
proven to be a viable alternative to CVG among Marfan
patients in the Aortic Valve Operative Outcomes in
Marfan Patients (AVOOMP) multi-institutional registry,
though V-SARR was less commonly performed in urgent
or emergent situations (95). As these techniques apply to
AcA-AoD, the Yacoub remodeling technique (also known
as the David II or III V-SARR) (96), has been associated
with an unacceptably high risk of both late reoperation and
recurrent aortic regurgitation compared with the David re-
implantation technique of V-SARR, i.e., David I, IV or V (97).
The Leipzig group found that a limited root remodeling
operation replacing one or two sinuses of Valsalva with
tongues of Dacron graft—informally known as a “uni-
Yacoub” or “bi-Yacoub” at both Stanford and Leipzig—
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produced results comparable to the David re-implantation
in selected patients (98). The good results reported by
Leshnower and Chen ez 4/. from Emory using the David V
V-SARR technique selectively in 12% of their AcA-AoD
series with only 4.7% operative mortality rate suggests that
V-SARR may be a viable option in experienced hands for a
subgroup of carefully selected, generally young patients who
will derive the greatest benefit and will be able to tolerate
the bigger operation (51). Similar results have been reported
from Hannover, Germany (50). Okita’s group in Kobe,
Japan had equivalent perioperative results (5% mortality rate
amongst 21 patients), but AcA-AoD was a significant risk
factor for both recurrent aortic regurgitation and reoperation
in their overall experience with V-SARR (99).

In patients where the probability of durable valve salvage
is high, our preference is to perform supra-coronary
replacement of the ascending aorta with resuspension of
the valve. In selected patients with extensive destruction of
the non-coronary sinus and in some cases the right sinus,
a limited aortic root remodeling operation ( “uni-Yacoub”
or “bi-Yacoub”) is appropriate (Figure 14-D); in the case of
the right sinus, the right coronary artery is reimplanted as
a Carrel patch into the Dacron tongue. On the other hand,
when there exists a high probability of requiring subsequent
re-intervention (patients with pre-existing aortic root
pathology, extensive aortic root dissection, or connective
tissue disorder), a more aggressive approach is warranted.
Our preference in this group of patients is to perform
root replacement with a CVG using full thickness Carrel
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Figure 2 Intraoperative photograph of the Tirone David V re-implantation technique for valve sparing aortic root replacement: (A) sinuses

are excised leaving a rim of aortic tissue around the valve itself; (B) the root graft is over-sized and then “necked down” to appropriate

annular dimensions using the Feindel-David equation, and the commissures are positioned to optimize cusp coaptation (not seen: 12

interrupted sub-annular horizontal mattress sutures are placed to anchor the graft); (C) graft-to-graft anastomosis after re-implantation of

the coronary ostia as carrel patches.

patches for coronary re-implantation to avoid formation
of either pseudoaneurysms or a pressurized aneurysm
sac, both of which plagued the classical “wrap inclusion”
Bentall procedure (100). In redo operations or in patients
with existing aneurysmal disease and grossly displaced
coronary ostia, it may not be possible to mobilize fully the
coronary ostia for direct reimplantation without undue
tension. A variety of ingenious techniques have been
developed to address this problem, the most common of
which are the Cabrol moustache graft (100) and the Kay-
Zubiate end-to-end saphenous vein graft extension (101).
Given the late coronary graft occlusions (particularly the
right coronary artery) seen after the Cabrol moustache
technique (102,103), we avoid it whenever possible.
Complete dissection of the root and extensive mobilization
of the coronary ostia usually allows for reimplantation of
one of the two ostia directly into the graft, allowing for a
single 8 or 10 mm Dacron or saphenous vein interposition
graft for the remaining coronary. Care must be taken to
expose enough epicardium to create a sound and hemostatic
end-to-end anastomosis with the interposition graft. Given
the added technical complexity of the David reimplantation
technique, V-SARR should be performed by experienced
surgeons and reserved for highly selected young patients
who are not moribund preoperatively, have normal
appearing cusps, and either existing aortic root disease
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or connective tissue disease (Figure 24-C). The cardiac
surgeon approaching a patient with an AcA-AoD is faced
with a variety of potential hazards. Sound judgment is key:
the primary goal is to have an operative survivor.

The arch, cerebral protection and cannulation strategy

The PIT is located in the arch in 10-30% of patients
(10,65,80,104,105). Without adequate cerebral protection,
however, arch procedures historically were fraught with
danger (mortality rates have been as high as 42%) (24,1006).
Thus, early efforts to resect a PI'T in the arch or repair a
ruptured arch were limited. Using profound hypothermic
circulatory arrest (PHCA) and surface cooling in addition
to cardiopulmonary bypass, Griepp and colleagues at
Stanford successfully performed total arch replacements
in 4 patients with arch aneurysms in the early 1970s (107).
This technique of establishing a bloodless field was shown
to be particularly useful in aortic dissections by Cooley, who
was among the first to recommend the routine performance
of an open distal anastomosis (ODA). The better visibility
achieved by performing the distal anastomosis with PHCA
allowed surgeons to evaluate the arch intima, ensure
continuity with the true lumen, and obliterate the false
lumen (108,109). Performing the distal aortic anastomosis
with the aorta clamped avoids profound hypothermia and
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Figure 3 An 8-mm knitted double velour Dacron graft is used
as an axillary perfusion limb for cardiopulmonary bypass and
subsequent institution of selective antegrade cerebral perfusion

with clamping of the innominate artery.

circulatory arrest. It also takes less time. However, the
technical integrity and soundness of the anastomosis is
compromised. This in turn increases the risk of anastomotic
bleeding, graft dehiscence, and late false aneurysm
formation requiring reoperation (110-112). Conversely,
PHCA with ODA to date has not been definitively linked
with lower operative mortality risk (110,113).

With increasing global experience with PHCA, surgeons
at Hopital Foch in Paris, Stanford, and Baylor began to
report results of extending the operation for AcA-AoD into
the arch in the late 1980s and early 1990s (105,114,115).
The additional morbidity and mortality associated with
this more extensive approach limited widespread adoption
and spawned the development of new methods of cerebral
protection. Antegrade and retrograde cerebral perfusion
(RCP) were developed as competing methods to improve
cerebral protection.

Kazui used selective antegrade cerebral perfusion (SACP)
at 10 mL/kg/min during PHCA and demonstrated no
excess neurological morbidity or mortality among patients
undergoing total aortic arch replacement compared with
PHCA alone and suggested that this technique allowed
for longer periods of safe circulatory arrest (116,117).
This technique gained popularity with the development
of axillary artery cannulation first described by Sabik,
using direct cannulation, and then Baribeau, with a small
caliber graft, for SACP (118,119). In spite of the additional
time required to dissect out the axillary artery and sew
a perfusion graft to it, this technique has been used
successfully worldwide in the emergency setting of AcA-
AoD (120,121).

© Annals of Cardiothoracic Surgery. All rights reserved.

www.annalscts.com

Chiu and Miller. Evolution of surgical therapy for Stanford AcA-AoD

Ueda er al. pioneered the use of RCP for neuroprotection
demonstrating safe and effective repair of the arch without
clamping the head vessels (122). The simplicity of the
technique, which did not require substantial alteration of
cannulation strategy, allowed for rapid setup in both elective
and emergency situations (60,123,124). The presence of a
competent internal jugular vein valve and extensive veno-
venous shunting, however, severely limit the effectiveness of
this technique, as only a fraction of the blood delivered into
the superior vena cava for RCP actually reaches the brain
(125,126). Griepp’s group showed in animal models that
RCP (with the azygos vein ligated) carried a risk of cerebral
edema and had minimal delivery of blood to the capillaries
of the brain; however, it was effective as a means of clearing
particulate emboli when inferior vena cava occlusion was
additionally employed (127,128).

In an effort to determine the optimal means of
neuroprotection, Svensson et a/. recently reported a
randomized trial comparing intermittent antegrade brain
perfusion with RCP in patients undergoing elective arch
operations. They could not demonstrate any statistically
significant difference between the two strategies. This
trial was—in some respects—handicapped by the short
period of circulatory arrest (27+13 minutes), such that
the magnitude of the cerebral insult was likely not great
enough to discern any difference between brain protection
methods (129). Reflecting the importance of time, the
practice at the University of Pennsylvania has been to use
RCP in general but to use bilateral antegrade perfusion in
cases necessitating greater than 40 minutes of circulatory
arrest (60).

We use unilateral SACP—right axillary artery perfusion
with clamping of the innominate, left common carotid, and
left subclavian arteries (Figure 3)—at 10 mL/kg/min and
reserve bilateral carotid perfusion for situations in which the
cerebral near-infrared spectroscopy (NIR) monitoring or
tympanic membrane (TM) temperatures diverge and there
is little back-bleeding from the left common carotid artery.
In general, moderate systemic hypothermia (TM ~20-22 °C,
bladder temperature in 26-28 °C range) is appropriate for
patients with AcA-AoD and other typical ascending and
arch procedures. In more complex circumstances, e.g.,
redo total arch replacement with a multi-branch graft and
a distal elephant trunk graft for chronic type A dissection,
we employ SACP with the TM at 20 °C. and bladder
temperatures in the 20-24 °C range.

Related to safe brain protection is the arterial cannulation
and perfusion strategy. Femoral arterial cannulation
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was historically the most commonly utilized technique
(38,41,105,110,114,130). Its use has waned markedly, but it
continues to be used by some who favor PHCA alone for
elective and emergent arch operations including Elefteriades’
group (131,132). One of the major benefits of femoral
cannulation is its rapidity and simplicity. Conducting PHCA
then requires no additional manipulation; if adjunctive RCP
is deemed necessary, only cannulation of the superior vena
cava and minor modification of the cardiopulmonary bypass
circuit is necessary (122,133). If femoral perfusion is used,
only the artery with the absent or diminished pulse should be
cannulated since it is most likely to connect to the proximal
aortic true lumen. The safety of femoral cannulation in
general has been questioned, though, given concerns about
pressurization of the false lumen and malperfusion, which
could be compounded when the distal ascending aorta is
cross-clamped (104,110,134). Evaluation of the risk associated
with cross-clamping the aorta during the cooling phase and
prior to PHCA have provided divergent results: some studies
have reported increased risk (110,121,135), and others have
failed to show excess morbidity or mortality (130,136).

With mounting evidence that retrograde perfusion
via the femoral artery may be associated with worse
clinical outcome in both elective and emergent settings
(120,124,137), we reserve femoral cannulation for patients
with severe hemodynamic compromise, preoperative
cardiac arrest, or extensive dissection of the axillary vessels.
Alternatively, the true lumen in the arch may be cannulated
directly using a guidewire and either TEE or epiaortic
ultrasound for guidance as popularized by the group in
Hannover and others (138-140). Another alternative
approach is LV trans-apical (TA) cannulation across the
aortic valve with TEE guidance, as first described in
humans by Trinkle in 1970 with broad application by Wada
and Kazui ez al. (141-143). In these cases, reinstitution of
cardiopulmonary bypass via direct cannulation of the arch
graft after circulatory arrest is always done for antegrade
body perfusion. During the re-warming and reperfusion
time after PHCA, it is paramount to inspect the true lumen
and dissection flap in the descending aorta using TEE
to make sure that the true lumen is not obliterated, the
distal elephant trunk (if a total arch has been performed) is
correctly placed in the true lumen, there are no new tears
in the dissection flap, and there is adequate distal perfusion
via the true and/or false lumens. An important drawback
to central aortic true lumen or LV TA cannulation is that
SACP cannot be instantly started when systemic flow is
turned off, as it can when using axillary artery perfusion.
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The fate of the dissected arch and thoracoabdominal
aorta: how much distal operation is enough? How
much is too much?

The development of techniques for cerebral protection
facilitated efforts to perform more extensive operations
in the arch safely. In 1994, Ando er 4l. and Kazui ez al.
separately recommended more extensive distal repair
in patients with AcA-AoD on the basis of low operative
mortality in patients undergoing total arch replacement
with SACP (144,145). Follow-up by Kazui in 2000 reported
a 16% mortality rate among 70 selected patients who
underwent total arch replacement for AcA-AoD primarily
using the multibranch technique, thus demonstrating the
feasibility of emergent total arch replacement. They further
suggested that the need for distal reoperation might be
lower, but this aspiration was not borne out as the freedom
from reoperation at 5 years was 77 % (146).

In the early experience at Stanford and Washington
University, the freedom from reoperation was not
significantly different between patients who had undergone
arch repair and those who had not (80,115), but these
studies were under-powered with respect to the need for
late aortic reoperation. The Cleveland Clinic and more
recently Gleason’s team at the University of Pittsburgh
have reported that a more extensive operation, i.e., total
arch replacement, was associated with a trend towards
lower early and late survival, though the differences were
not statistically significant (81,147). Finally, total arch
replacement has not been shown to improve the freedom
from late distal aortic reintervention compared with more
conservative arch management in propensity score analyses
from South Korea and Italy (148,149).

This debate has fueled competing hypotheses about the
optimal treatment of the arch in the context of AcA-AoD.
It is logical to reserve total arch replacement for patients
with the highest theoretical benefit, e.g., younger patients
and those with MFS or other connective tissue disorder that
theoretically puts them at higher risk of developing distal
aortic complications; however, we still do not know with
certainty which specific patient subsets are at highest risk.
Nevertheless, despite the absence of rigorous data upon
which to make this decision, many surgeons today have
taken the ability to do a total arch replacement coupled with
a distal frozen elephant trunk (FET) graft as evidence that
it should be done often. The hope is that this may either
reduce late re-intervention or create a sound foundation
for subsequent down-stream stent-grafting if necessary.
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The absence of strong evidence supporting this approach
highlights the compelling need for a proper prospective
randomized controlled trial to address this major void in
our knowledge base.

First described by Kato et 4. in 1996, the FET technique
has been used to deliver and secure a stent-graft farther
distally than is possible with a conventional Borst elephant
trunk graft (150). This technique has been associated with a
high proportion of false lumen thrombosis in the descending
thoracic aorta (but not the abdominal aorta) and low
incidence of reoperation (0-6%) in some reports (151-154).
Elsewhere in the literature, though, re-intervention rates
up to 25% have been reported; whether the rate of distal
aortic re-intervention truly differs between those treated
with a FET versus patients treated with more conventional
techniques remains unknown leaving in question the true
benefit of increased remodeling of the aorta (153,155,156).
Newer, more sophisticated composite devices such as the
Terumo Vascutek Thoraflex Hybrid® multi-branch graft
(Vascutek Ltd., Renfrewshire, Scotland) and the Jotec
E-vita Open® system (Jotec GmbH, Hechingen, Germany),
facilitate total arch replacement with FET and may make
these operations safer, but further trials must be performed.
The Thoraflex Hybrid® trial is starting in the US in 2016.

Our current procedure of choice is an aggressive
peninsula-style transverse arch replacement in all patients
with AcA-AoD where the dissection extends into the arch
using unilateral SACP via axillary perfusion and moderate
systemic hypothermia (vide supra) (157). This is particularly
important among patients in whom the PIT or large re-entry
tears are found in the arch, but also applies to patients with
extensive dissection of the arch. A sound and hemostatic distal
reconstruction can be achieved using fine—4-0 BB or 5-0 C-1
Prolene® (Ethicon, Somerville, NJ, USA)—suture on small
needles in a relatively bloodless field avoiding both Teflon-
felt reinforcement and bio-glue. Our goal is to excise as much
of the dissected aortic tissue as possible without extending
PHCA and cardiopulmonary bypass times excessively. With
a single long suture line extending from near the ligamentum
arteriosum in the distal arch to the innominate artery take-
off on the greater curve, the peninsula technique is safe and
expedient (Figure 4A-E). In cases of arch rupture, severely
traumatized arch due to the dissection, multiple arch tears,
large arch aneurysm, or selected stable young patients with
a heritable connective tissue disorder, total arch replacement
utilizing the Kazui multi-branch technique with either a
surgical elephant trunk graft (Figure 5A,B) or an antegrade
Gore ¢-TAG® stent-graft (W.L. Gore, Flagstaff, AZ, USA)
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is a good option (Figure 64,B). In deciding which patients
should undergo a more extensive operation either proximally
in the root or distally beyond the arch, it is critical to
remember that the primary goal in a patient with an AcA-
AoD is to have a survivor. Concerns about reoperation on the
downstream aorta should be secondary.

Surveillance

Since almost all patients have some degree of distal false
lumen patency and residual dissection, ongoing aortic
surveillance is imperative on a serial basis. We perform a
new CTA at discharge followed by scans at 3, 6, 9, and then
12 months; thereafter, an annual CTA is obligatory on an
indefinite basis in addition to regular echocardiographic
follow-up to assess the aortic valve. If progressive
aneurysmal dilatation of the residual dissected aorta (usually
the false lumen) or aortic regurgitation is detected, timely
referral to a center with special expertise in thoracic aortic
disease is important so that elective reoperation or TEVAR
can be considered prior to a catastrophic event. The
actuarial estimate of freedom from reoperation at 5 years
ranges from 77-95% (47,146,158). The need for ongoing
follow up cannot be over-stated.

Evolution of patient selection

Over the past five decades, surgical limits have been pushed
continuously not only in terms of the extent of operation
performed but also with respect to patient selection. The
proportion of patients treated non-operatively has declined
in the last 20 years from 20% to 8% in the IRAD database,
though it has remained around 15% at Duke (6,159). These
figures probably are underestimates given that these are
all tertiary referral centers and therefore do not capture
patients who either did not survive transfer or were not
offered transfer from outlying hospitals. As usual, we
surgeons are living in the “numerator” without knowing the
real denominator.

Malperfusion

Propagation of the dissection flap into the arch and beyond
leads to aortic branch compromise in approximately 30% of
patients with subsequent malperfusion of the brain, limbs,
or viscera and portends markedly worse outcomes (160-163).
Cerebral malperfusion and neurological injury, manifesting
as stroke or coma, affect 5-15% of patients with AcA-AoD
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Figure 4 Peninsula-style transverse arch repair is our favored approach to the distal extent of operation: (A) artist’s rendition of an acute type
A aortic dissection—dashed-line indicates dissection; (B) after excising the entire underside of the aortic arch, the head vessels are attached
to the remainder of the aorta by a thin peninsula of tissue; (C) the graft is tailored to match the aorta, and a running suture on a fine needle
is used to construct the distal anastomosis; (D) intraoperative photograph demonstrating the configuration of the distal anastomosis; (E)

intraoperative photograph of completed peninsula-style transverse arch repair.

(164-167). Though long considered to be a contraindication
given the risks associated with heparinization and
cardiopulmonary bypass (161,168), cerebral injury—short
of brain death—has not routinely been used as an exclusion
criterion for operative intervention for patients with AcA-
AoD at Stanford (164,169). Addressing the ascending aorta
and reconstituting true lumen flow distally often results
in resolution of the cerebral deficit, but this depends on
the extent of neurological injury and timing of operation.
Patients undergoing operative repair within 5-8 hours of
symptom onset have a substantially better prognosis with
a large proportion experiencing complete resolution of
neurological deficits as compared to those with a longer
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duration of symptoms (162,165,166). In neurologically
devastated patients presenting longer after the onset of
symptoms, there is no benefit of surgical intervention.
Rapid diagnosis and institution of appropriate treatment
is absolutely critical as even comatose patients may be
salvageable if the operation is not delayed.

Due to the poor outcomes associated with malperfusion,
Deeb and colleagues at the University of Michigan began
to manage patients medically and correct malperfusion with
catheter-based techniques—including flap fenestration (not
unlike the MGH group 40 years previously) and true lumen
stenting—prior to proceeding with definitive aortic repair
at a later date. Compared with an 89% historical mortality
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Figure 5 Intraoperative photographs of multibranch total arch replacement: (A) following completion of multibranch reconstruction with
perfusion via side arm graft; (B) completed total arch reconstruction following completion of the graft-to-graft anastomosis and ligation of

the side arm graft.

A

Figure 6 Frozen elephant trunk technique: (A) in conjunction with a peninsula-style transverse arch repair; (B) in conjunction with a multi-

branch total arch replacement.
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rate among patients undergoing immediate ascending aortic
operation, the mortality rate associated with their strategy
of delaying the ascending aortic procedure between 2 and
67 days was 25% (5/20), including three patients dying
before the definitive operation could be carried out (170). In
a later report, mortality awaiting operation was 33 % (23/70);
however, if the patient eventually received ascending
aortic repair, the operative mortality risk was equivalent
to the uncomplicated patients who underwent early aortic
repair (163). The Michigan strategy offers rapid correction
of peripheral malperfusion without the operative insult of a
definitive ascending aortic and arch operation; it also allows
patients with advanced peripheral ischemia/infarction
precluding survival to declare themselves, which eliminates
the need for a futile ascending aortic procedure. We do not
subscribe to this policy as a general rule since the death rate
while waiting for definitive aortic repair is excessively high.
Despite 95% technical success, one-half of the mortality
seen in the group awaiting repair was due to malperfusion
complications (11 of 23) and the other half due to rupture (12
of 23). The former may not have been suitable candidates
for ascending repair at all, but the latter may have been
salvageable with an expedient aortic operation. It still
remains unclear exactly which individual patients stand to
benefit from a preliminary endovascular intervention.

Elderly patients

Advanced age has been shown to be a consistent predictor
of higher operative mortality in patients with AcA-AoD
(47,60,85,171). Neri et al. from Siena, Italy reported an
operative mortality rate of 83% in octogenarians with
complicated dissections with little meaningful functional
rehabilitation thereafter in the few survivors. On account
of this, they deemed operative intervention to be futile for
these patients; the authors claimed they felt compelled to
offer these very sick patients an operation due to ethical,
social, and cultural considerations in Italy (172). An ethical
controversy may thus arise as a result of the conflict
between families who want to pursue “everything possible”
and the surgical team who would like to avoid the torture of
futile care. McKneally has recommended the establishment
of local policies, rather than professional guidelines, in
concert with the general public as a means of determining
a socially acceptable approach to a complex and nuanced
situation. “We don’t do that here” would then be a phrase
that carries the weight of the community and, as McKneally
suggests, may be an effective means of resolving conflicts
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that arise (173). With increasing experience and improving
technology, the operative mortality rate among this older
population has declined to 13-25% in more recent reports
(171,174). Despite declining perioperative mortality, Hata
et al. reported that 17% of surviving octogenarians were
bedridden and 46% were demented. This is certainly
not a good outcome and begs the question: Why were
these patients offered an emergency operation at all? The
tendency to avoid aggressive therapy in the very elderly is
reflected in IRAD by a substantial increase in the fraction
of patients older than 80 treated medically; indeed, there
was no difference in outcome between medically and
surgically treated octogenarians (175). The decision to
operate must be made in concert with the family, including
a frank discussion of all risks, the option of withholding
heroic treatment, and complete understanding of their
expectations. The patient and family must accept that
even if the patient survives his or her postoperative quality
of life may be substantially compromised. With an aging
population, this clinical conundrum will occur with
increasing frequency. The heterogeneity of this group,
however, precludes the use of any blanket guideline;
seasoned surgical judgment is key and must be exercised.

Medical management

Every patient is initially managed medically once the
diagnosis of AcA-AoD is suspected and while en route to the
operating room. Among the 10-15% of patients who are
treated non-operatively, the principle of “impulse reduction”
(lower aortic dP/dt, i.e., change in aortic pressure over
change in time) put forward by Wheat and Palmer more than
50 years ago is still employed. Beta blockers are the drugs
of choice; arteriolar dilating antihypertensive medications
should be avoided unless the patient is adequately beta-
blocked.

Mortality associated with medical management in
AcA-AoD ranged from 49% to 64% between 1995 and
2013 without any evident change over time in the IRAD
database (6). This may be an improvement on Hirst’s
observed mortality among undifferentiated type A and type
B aortic dissections from the first half of the 20™ century,
but it still serves as a somber reminder that AcA-AoD is first
and foremost a surgical disease in suitable candidates.

Ascending aortic stent-graft

Among patients deemed inoperable by a cardiovascular
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surgeon, ascending aortic stent-grafting has been tried
as a heroic salvage measure in a small number of patients
utilizing transfemoral, transcarotid, TA, and transaxillary
access; surprisingly the mortality rate was not prohibitively
high (176,177). This work remains highly investigational,
but the TA approach is probably safest at the moment due
to the shorter working distance and finer control of device
positioning. Currently there is no standardized strategy.
With technological improvements, these endovascular
methods might be effective in patients who otherwise are
doomed. These investigational therapies should only be
explored in referral centers where there are cardiovascular
surgeons with experience in both open and endovascular
repair and multi-disciplinary thoracic aortic treatment
teams.

Importance of thoracic aortic referral centers

Increasing regionalization of care for patients with
thoracic aortic diseases, including AcA-AoD, in tertiary
referral centers has become an important element of
modern thoracic aortic surgery. Multi-disciplinary teams
(cardiac anesthesia, cardiology, interventional radiology,
cardiovascular critical care, and cardiovascular surgery)
with broad expertise and experience can provide more
effective care for these challenging patients. A relationship
between volume of aortic dissection cases and outcome in
the Nationwide Inpatient Sample (NIS) has been reported
despite the relatively modest number of operations annually
that made an institution a “high volume” center [in separate
analyses, >2.5 cases (178) and >13 cases (179) per hospital
annually], but volume of thoracic aortic operations may be
more important than volume of AcA-AoD (159). Higher
annual case volume is likely a proxy for a multiplicity
of factors: availability of consultative services, cardiac
anesthesiologist familiarity with aortic operations, intensive
care unit resources, and surgeon experience.

Though only part of the overall picture, a survey of
Canadian surgeons demonstrated that increasing surgeon
experience was associated with differences in management
both inside the operating room and afterwards. Surgeons
with higher overall case and aortic dissection volume were
more likely to use SACP for neuroprotection as well as
warmer target hypothermic systemic temperatures (180).
Preferred operative management and postoperative care still
varied substantially between surgeons despite the limited
number of cardiac surgery centers in Canada, approximately
one per million population, meaning there were few low
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volume cardiac surgery centers.

By incorporating both technical modifications and
process improvements, the Duke Thoracic Aortic Surgery
Program was able to reduce their operative mortality rate
in patients with AcA-AoD from 33.9% to an impressive
2.8% in two consecutive 6-year intervals. After institution
of the Thoracic Aortic Surgery Program, use of right
axillary perfusion for SACP during PHCA became the
norm, and performance of an ODA became routine (25%
before and 94% after). Process changes included early use
of low-dose recombinant Factor VII to reduce bleeding
complications and avoiding off-shift nocturnal emergency
operations in stable patients >48 hours from the onset
of symptoms. The success seen at Duke underlines the
importance of regionalization of care for patients with AcA-
AoD and limiting AcA-AoD cases to a small, dedicated, and
coordinated multi-disciplinary thoracic aortic team that not
only sees enough cases monthly to keep their skills up but
also takes an integrated approach to the management of
these patients (159). This will only increase in importance
as the experience with new and innovative techniques—
including hybrid surgical arch-FET grafts and branched/
fenestrated endovascular therapy—continues to build.

Conclusions

The evolution in the management of patients with acute
type A aortic dissection has been one driven by inertia
and oscillating whims, rather than progressive change.
Throughout this process, the debate over the extent of the
operation both proximally and distally has recurred. With
the increasing complexity of care exerting pressure on
contemporary surgeons, the latest meiosis in the field has
been the birth of a pure-bred subspecialist: the “thoracic
aortic surgeon” (181). The logical next step to improve the
management of patients with AcA-AoD appears to be strict
regionalization of care. Even though most patients with
an AcA-AoD would survive a 2-4 hour AirEvac transport
to a regional referral center in the US, sadly most will not
be transferred. The feasibility and infrastructure exist, but
it is up to the payers to make this happen. Realistically,
only restricting reimbursement and enforcing best practice
channels of care will affect change in the future.
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