ABSTRACT: Acute aortic dissection
remains one of the most common
fatal conditions not diagnosed cor-
rectly by physicians. It results from
atearin the aorta separating the inti-
mal layer from the medial layer, and
is associated with age, hyperten-
sion, collagen vascular disease, and
other factors. It frequently presents
with atypical symptoms, and physi-
cal examination is often unhelpful.
Diagnosis requires contrast CT, MRI,
or transesophageal echocardiogra-
phy. Dissections that involve the
ascending aorta require emergency
surgery, whereas those involving the
descending aorta can be managed
initially with close observation and
blood pressure control. Physicians
can learn much from the life and
accomplishments of Michael DeBak-
ey, one of the early pioneers in man-
aging aortic dissection. They can
also benefit from reviewing the Eu-
ropean Society of Cardiology 2001
guidelines for the diagnosis and
management of aortic dissection,
and the American Heart Association
2005 guidelines for aortic aneurysm
screening.
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A visionary surgeon’s development of functional Dacron grafts in
the 1950s has made effective treatment of aortic dissection and

aneurysm possible.

Dr Michael DeBakey
Michael Ellis Dabaghi was born
in Lake Charles, Louisiana, on 7
September 1908. He was the eldest of
four children of Lebanese immigrants,
and his surname was later anglicized
to “DeBakey.” His father was the pro-
prietor of two successful drug stores,
where DeBakey’s interest in medicine
may have been ignited by the physi-
cians who patronized the establish-
ments. Prior to enrolling in high
school, DeBakey demonstrated both
tenacity and diligence by reading the
entire Encyclopedia Britannica.

At the age of 20 he enrolled in
medical school at Tulane University
in New Orleans. At Tulane he met the
legendary surgeon Alton Ochsner,
who recognized the eager medical stu-
dent’s potential and fostered his inter-
est in surgery. Together they were
among the first to propose a link
between smoking and lung cancer.
Still as a medical student, DeBakey
developed one of the first mechanical
blood pumps—the “roller pump”—
which enabled the transfer of blood
along a conduit. This same pump
would become an integral component
of the heart-lung machine that ush-
ered in the era of cardiac surgery.

After completing medical school
in 6 years—a task that normally took
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8 years—he trained as a surgeon at the
universities of Strasbourg and Heidel-
berg. In 1938 he returned to Tulane to
accept a faculty position in general
surgery. During the Second World War
he served in the Surgeon General’s
Office, where he rose to the rank of
colonel and become the chief of the
surgical consultants division. After
the war, DeBakey participated in the
Hoover Commission—an organiza-
tion created by President Truman to
recommend administrative changes
to the federal government of the Unit-
ed States. His lobbying for a national
library of medical articles ultimately
led to the creation of the National
Library of Medicine in 1959. In later
years DeBakey would serve as its
chairman.

In 1948 DeBakey moved to Hous-
ton, Texas, where he took a position as
professor of surgery at the then
mediocre Baylor College of Medi-
cine. There DeBakey was in the fore-
front of the nascent field of vascular
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Figure 1. Schematic of arterial wall, showing layers ranging from deep (intima) to

superficial (adventitia).

From Libby P, Bonow R, Mann D, et al.# Reproduced with permission.

surgery. In 1952 he was the first to
repair an aortic aneurysm using a
cadaver graft. The next year he was
the first to successfully perform a
carotid endarterectomy. He then
began to experiment with the creation
of grafts for aortic surgery. DeBakey’s
colleagues had attempted to build
nylon grafts, but found that they dete-
riorated in vivo. On one occasion,
when purchasing new material for his
experiments, he found the local dep-
artment store out of nylon, but in re-
ceipt ofanew fabric known as Dacron.
Using his mother’s techniques and his
wife’s sewing machine, he was able to
turn this new material into arterial
patches—the first functional Dacron
grafts. These grafts would go on to
revolutionize the treatment of aortic
pathology. Over the next several years
Dr DeBakey was instrumental in the
development of surgical techniques
for the repair of aortic dissection and
aortic aneurysms.

In the 1960s DeBakey and his
team began to focus on the develop-
ment of artificial hearts and car-

diopulmonary assist devices. In 1963
DeBakey created the first pneumati-
cally powered ventricular assist de-
vice (VAD). It was implanted in a car-
diogenic shock patient and provided
support for 4 days before the patient
died from causes unrelated to the
device. His team’s VAD designs were
refined over the next decade. This cul-
minated in smaller, continuous-flow
devices that could be implanted in a
patient, to permit chronic mechanical
cardiac support.

DeBakey’s many other accom-
plishments are too numerous to list.
They include the American Medical
Association’s Distinguished Service
Award in 1959, the Albert Lasker
Clinical Medical Research Award in
1963, the Presidential Medal of Free-
dom in 1969, and the National Medal
of Science in 1987. In 2000 he was
recognized as a Living Legend by
the US Library of Congress. In 2008
he received the Congressional Gold
Medal, making him only the third
physician to have received that honor.

DeBakey continued to be a driv-
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ing force in surgical education and
administration well into his 90s, serv-
ing as Chancellor Emeritus of Baylor
College of Medicine. In 2006 he had
the unique experience of benefiting
from a procedure that he had devised.
At the age of 97 he developed a sharp
tearing chest pain as he was preparing
for a lecture. He was rushed to
Methodist Hospital in Houston, where
a CT scan confirmed the diagnosis of
atype A aortic dissection. Because his
advanced age made surgery perilous,
his condition was initially managed
medically, and against the advice of
his physicians he went on to give his
lecture only a week after the diagno-
sis was made. Unfortunately, the dis-
section continued to progress and
DeBakey was readmitted to hospital
within a month. After some discus-
sions regarding the ethics of proceed-
ing, the decision was made to operate.
The repair was performed by Dr
George Noon, DeBakey’s long-time
assistant. The tenacious DeBakey re-
covered well despite his age, and went
on to live another two years. He died
suddenly from natural causes at the
age 0f 99 on 11 July 2008, having rev-
olutionized the management of aortic
dissection.

Pathophysiology and
epidemiology
In North America the incidence of
aortic dissection is estimated to be
approximately 2.9 cases per 100 000
patient years.! Dissection occurs most
commonly in patients aged 60 to 80,
and is slightly more common in
men.>? [tis also associated with hyper-
tension and collagen vascular disease.
The aortic wall consists of three
layers: the intima, the media, and the
adventitia ([FEMERl).* Classic aortic
dissection occurs when a tear in the
intima permits the entry of blood to a
diseased underlying media, causing
the separation of the intima and media
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Table 1. Risk factors identified by the International Registry of Acute Aortic Dissection (IRAD).3

Previous . _ | Bicuspid . . .
M0 Sex [tension| scloross | S22 |nouryer syndrame | gonio | 207 | Diabetes | iectlil | PR 1 bee®
surgery ¥ ¥ 9 valve
Type A dissection | 194 | 413 408 169 100 42 38 34 14 24 21 1 1
(n=617) (31%) | (67%) | (67%) | (28%) (16%) (7%) (6%) (6%) (4%) (4%) (3%) (<1%) | (<1%)
Type B dissection | 159 | 274 303 140 62 68 " 9 4 24 33 1 4
(n=384) (42%) | (71%) | (80%) | (38%) (17%) (18%) (3%) (2%) (2%) (7%) (9%) (<1%) | (1%)
Dissection va | 52 | 2 1 8 13 34 0 6 0 5 2 0
patients < (76%) | (34%) | (1%) | (12%) | (19%) | (50%) (9%) (7%) | (3%)
years (n=68)

and the formation of a false lumen.’
This false lumen can extend proxi-
mally or distally, and may compro-
mise branch vessels and lead to end
organ ischemia. Alternatively, the dis-
section may extend into the pericardi-
um leading to cardiac tamponade.

In the 1950s Dr Michael DeBakey
made a major contribution to the man-
agement of aortic pathology by pio-
neering the use of arterial patches. The
grafting techniques these made possi-
ble allowed for improved repair of
aortic dissections and aneurysms.

Risk factors for

aortic dissection

The International Registry of Acute
Aortic Dissection (IRAD) is the au-
thority on risk factors for this arterial
pathology. The most common acquir-
ed condition predisposing patients to
dissection is chronic hypertension,
which is present in 75% of cases.? Ele-
vated arterial pressures lead to intimal
thickening, fibrosis, and calcification.
This limits blood supply to the arteri-
al wall. In addition, the extracellular
matrix is modified with enhanced
apoptosis and elastolysis.> Atheros-
clerosis leads to adventitial fibrosis
and compromise of the vasa vaso-
rum—the small vessels that penetrate
into the vessel wall. All of the above
lead to necrosis of the smooth muscle
cells and fibrosis of elastic structures
in the media, resulting in stiffness,

weakness, and a vulnerability to shear
forces. With time, this leads to aneur-
ismal dilation and dissection.
Patients with inherited defects of
connective tissue synthesis, such as
Marfan syndrome, Ehlers-Danlos syn-
drome, and annuloaortic ectasia, are
predisposed to degeneration and elas-
tolysis of the aortic media.> As a con-
sequence they are at risk for aortic
aneurysm and dissection at a young
age. In the IRAD registry, patients
with inherited connective tissue disor-
ders account for more than 50% of dis-
sections occuring at less than 40 years
of age.? Other acquired risk factors

include atherosclerosis, inflammatory
conditions causing aortitis (e.g., Ta-
kayasu arteritis, giant cell arteritis,
syphilis), previous cardiac surgery,
bicuspid aortic valve, and cocaine use.
Some of the risk factors for dissection
found in the IRAD registry are shown

il Table 1 B
Staging

Several different staging systems have
been used to stratify aortic dissection.
In the Stanford system, type A dissec-
tions involve the ascending aorta,
while type B dissections involve only
the descending aorta ([ZETEE]).>%" In
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Figure 2. The Stanford and DeBakey classification systems for aortic dissection.

From Erbel R, Alfonso F, Boileau C, et al.” Reproduced with permission.
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Table 2. ESC recommendations for imaging

modalities in suspected aortic dissection.

Modality Advantages Disadvantages Level of evidence
* Fast, accurate » Spatial resolution low

TTE/TEE e Can be done at bedside |, Brind spot Class |
« Can quantify Al, EF P

cr e Fast, accurate * Cannot quantify Al, EF Class |

angiography ! * Radiation, contrast exposure

MR e Bestresolution ¢ Requires breath holding Class Ila

angiography* | e Can quantify Al, EF e Limited availability

Contrast o Useful to guide ¢ Low sensitivity

angiogranhy* percutaneous * Resource intensive Class Ila

grography intervention ¢ Radiation, contrast exposure

Al = aortic insufficiency; EF = ejection fraction; TEE = transthoracic echocardiography
TTE = transesophageal echocardiography; *Not recommended for unstable patients

the DeBakey classification system, a
type I dissection involves the entire
aorta, while a type II dissection in-
volves only the ascending aorta, and a
type III dissection involves only the
descending aorta. New staging systems
that incorporate other aortic patholo-
gy have been devised, but are used pri-
marily for research purposes.

Clinical presentation
The primary presenting complaint in
aortic dissection is chest pain. The pain
is typically described as severe and
abrupt in onset (90%), and the charac-
ter is sharp as opposed to tearing, rip-
ping, or stabbing.® The absence of pain
does not rule out dissection, as 10% of
cases are asymptomatic on presenta-
tion.? In type A dissections, 25% of
patients will present in shock, in con-
trast to type B dissections where hy-
pertension is a common finding.> Up
to 20% of patients may present with
syncope or with neurological symp-
toms.> Abdominal pain suggests in-
volvement of the celiac artery with
mesenteric ischemia, anuria suggests
involvement of the renal arteries, and
lateralizing neurological signs sug-
gest compromise of the carotids.’
Physical examination often contri-
butes little to findings. Although pulse
deficits are suggestive of dissection,

these are present in only 15% of type
A dissections.’ Neurological signs are
present in 40% of proximal dissec-
tions.” The early diastolic murmur of
acute aortic insufficiency may be pres-
ent in 30% to 50% of type A dissection
cases; however, the murmur is typical-
ly soft and peripheral signs of aortic
insufficiency are absent. Pericardial
friction rub, elevated jugular venous
pressure, or pulsus paradoxus are in-
frequent but suggest a worrisome
extension of the dissection into the
pericardium—a condition that can be
rapidly fatal. Because the clinical pres-
entation is nonspecific, the diagnosis
is frequently missed. In one review
from the Mayo Clinic, the correct
diagnosis was not made prior to post-
mortem examination in 28% of cases.

Investigations

In 2001 a taskforce of the European
Society of Cardiology (ESC) publish-
ed guidelines regarding the diagnosis
and management of aortic dissection.”
These guidelines remain the most re-
cent of any produced by an interna-
tional society.

Acceptable imaging modalities in-
clude CT angiography, transthoracic
echocardiography (TTE) followed by
transesophageal echocardiography
(TEE), MRI, and contrast angiogra-
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phy. The choice of imaging modality
depends greatly on availability, and
on the experience of the emergency
room and emergency staff with the
modality. The ESC 2001 recommen-
dations for diagnostic imaging in sus-
pected aortic dissection are summa-
rized in EZTIEEY.

The availability of computed tomo-
graphy and its high sensitivity and
specificity makes it the most common-
ly used modality in suspected aortic
dissection.” CT provides accurate as-
sessment of branch vessel involve-
ment.'? Limitations include the fact
that aortic insufficiency and left ven-
tricular function cannot be quantified,
and the modality is associated with
radiation exposure and potentially
nephrotoxic contrast.

Echocardiography is useful in that
it can be performed portably at the
bedside or in the operating room if the
patient is unstable. Transesophageal
echocardiography needs to be perform-
ed in addition to transthoracic echo-
cardiography in order to identify dis-
tal dissections.” Echocardiography
allows quantification of aortic regur-
gitation and left ventricular function.
The major disadvantage is poor spatial
resolution and blind spots caused by
intervening anatomical structures.'!

Cardiac MR imaging provides very
detailed images of the proximal and
ascending aorta and also permits the
quantification of aortic insufficiency
and left ventricular function.” Radia-
tion and contrast exposure is also lim-
ited with this modality. The disadvan-
tage is the limited availability of MRI
and the need for the patient to tolerate
breath holding.”!

Prior to the development of the
above imaging modalities, contrast
aortography was the criterion standard
for diagnosing dissection. It is now
performed infrequently because of
its low sensitivity, its invasiveness,
and the time delays associated with
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activating an angiography suite.” It is
useful, however, for identifying side
branch occlusion and offers the possi-
bility of percutaneous intervention to
restore blood flow.

Management

The initial management of aortic dis-
section requires transfer to a critical
care setting, pain control, and blood
pressure control.” The patient should
be placed on telemetry, and invasive
blood pressure monitoring should be
initiated (Class I evidence). Morphine
sulphate is the drug of choice for pain
and complete control should be the
goal (Class I). Blood pressure should
be kept in the range of 100 to 120 mm
Hg through the use of intravenous
medications.”'? Initial blood pressure
control should be achieved through
the use of beta blockers followed by
vasodilators (Class I). Beta blockers
decrease the shear stress on the wall of
the aorta (dP/dt), thus they should be
initiated before vasodilators. Labet-
alol is used frequently as it also has
vasodilatory effects and thus is more
effective at lowering the blood pres-
sure. Pharmacological options for the
management of acute dissection are

listed in [ZTIPEY. "

Type A dissections

Type A dissections carry the highest
risk of aortic rupture, branch vessel
occlusion, and cardiac tamponade, and
emergency surgery is recommended
in dissections of this type’ (Class I).
Various surgical procedures have been
developed for the management of prox-
imal aortic dissection, yet they all in-
volve replacing the involved segment
with a graft. If the aortic valve is struc-
turally normal, and if there is no sig-
nificant aortic insufficiency or dilation
of'the aortic root, then valve-preserving
surgery is usually possible. This in-
volves the placement of a tubular graft
anastamosed to the sinotubular ridge.’

Table 3. Pharmacological therapies for initial management of blood pressure in acute aortic

dissection.

Medication | Dosage Ons?t of Duration

action
* 20-80 mg IV bolus every 10 minutes | . . g
Beta Labetalol « 0.5-2.0 mg/min IV infusion 5-10 minutes | 3-6 hours
blocker « 250-500 pg/kg/min by infusion 10-30
therapy Esmolol  May repeat bolus after 5 minutes 1-2minutes | Lo
or increase infusion to 300 pg/min

Nitroprus- . - . P . 1-2

side 0.25-10.00 pg/kg/min 1V infusion Immediate minutes
Vasodilator Hydralazine | 10-20 mg IV bolus 10-20 minutes | 1-4 hours
therapy

Nitroglycerin | ¢ 5-100 pg/min IV infusion 2-5 minutes 5-10

minutes

If the aortic valve is incompetent or if
the aortic root is ectatic, then replace-
ment of the valve is required in addi-
tion to the placement of a graft. Re-
cently, valve-sparing operations and
root-remodeling procedures have been
investigated, but these procedures are
more difficult technically.” Currently,
valve-sparing and root-remodeling
procedures receive a Class Ila recom-
mendation from the ESC.

Type B dissections
Uncomplicated Type B dissections are
managed medically with blood pres-
sure control and close observation.
Surgical intervention is limited to the
management of life-threatening com-
plications or intractable symptoms.
According to the ESC guidelines, sur-
gery is recommended for unmanage-
able pain, aortic expansion, and peri-
aortic or mediastinal hematoma that
may herald aortic rupture.” The surgi-
cal management in type B dissection
involves replacing the involved seg-
ment of the aorta with a graft.

Acute ischemia of the limbs, kid-
neys, or gut secondary to occlusion of
an aortic branch may be managed ini-
tially by percutaneous catheter-based
fenestration of the dissection flap, fol-
lowed in some cases by stenting of the
true lumen. If catheter-based thera-
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pies do not immediately restore perfu-
sion to the ischemic organ, emergency
surgery is indicated. In one case series,
percutaneous intervention was able to
restore blood flow to the compro-
mised organ in 90% of cases.’

Outcomes

Today aortic dissection is no longer
the almost uniformly fatal diagnosis it
once was. In one recent study, surgi-
cally treated type A dissection was
associated with a 22% in-hospital
mortality rate but a long-term survival
of 95% at 5 years and 88% at 10
years.'* The IRAD registry found that
in-hospital mortality was 13% for
type B dissections, with most deaths
occurring in the first week.!> Patients
managed medically alone had an in-
hospital mortality rate of 10% com-
pared with a 32% rate for those under-
going surgery. The higher mortality
rate for surgical patients reflects the
fact that their dissections were com-
plicated and more extensive than
those managed medically. Long-term
survival rates of 60% at 5 years and
35% at 10 years have recently been
reported for type B dissections.'®

Long-term follow-up
When following up dissection patients
it is important to realize that they have
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Table 4. ESC guidelines for follow-up of patients with prior aortic dissection.

Intervention Recommendations Level of evidence
Lifelong beta blockade Class Il
Medical therapy Control of BP to less than 135/80 mm Hg Class |
(130/80 for Marfan syndrome)
. Imaging at 1, 3, 6, and 12 months, then yearly therafter
Surveillance (by MRI, CT, or transthoracic echocardiography) Class|
Surgery for secondary aneurysm in dissected aorta
o - Class |
remote from initial repair
) Surgery for recurrent dissection or aneurysm formation Class |
Repeat aortic at previous intervention site
surgery )
Use of homografts to replace infected prostheses Class lla
En_dovascular stenting instead of surgery if anatomy is Class Ila
suitable

a systemic disease and are at risk for
further events. It is estimated that one-
third of dissection patients will expe-
rience dissection extension or aortic
rupture, or will require repeat aortic
surgery within 5 years of their index
event.” In order to minimize wall
stress, continued beta blocker therapy
is required. Guidelines recommend a
blood pressure of less than 130/80 mm
Hg for patients with Marfan syndrome,
and less than 135/80 mm Hg for all
other patients (Class I). The avoidance
of strenuous physical activity is also
recommended, especially for patients
with Marfan syndrome. Examples of
activities to avoid include weight lift-
ing, body building, and contact sports
such as football and ice hockey.!”
Patients with prior dissection re-
quire serial imaging. The goal of seri-
al imaging is to detect extension or
recurrence of the dissection, aneur-
ysm formation, or leakage at anasta-
moses or stent sites. TEE and CT are
acceptable, though MRI is the imag-
ing modality of choice, as it is less
invasive than TEE and does not ex-
pose the patient to radiation or nephro-
toxic contrast agents. Repeat imaging
of the aorta should be performed at 1,
3,6, and 12 months following discharge
and then on a yearly basis. Of course,

in the setting of recurrent chest pain,
repeat imaging should be obtained on
an emergency basis.

Repeat aortic surgery is required
when a dissected segment becomes
aneurismal and is dilated more than 5
to 6 cm in diameter. This may happen
remotely from the initial repair. Other
indications for surgery include per-
sistence of the dissection after the ini-
tial repair, recurrence of dissection,
and infected prosthesis. The proximal
aorta is the most common site requir-
ing repeat surgery. The incidence of

new dissection is 0.03% to 0.10%.7
The current guidelines regarding the
follow-up of patients after aortic dis-
section are summarized in EETIRA.

Asymptomatic aortic
aneurysms

Asymptomatic abdominal aortic aneur-
ysms (AAA) are of concern because
they put patients at risk of progressive
dilation and rupture, compression of
adjacent structures, and embolism of
mural thrombus.'® They often remain
undetected until they are at imminent
risk of rupture. For unknown rea-
sons, male sex and smoking are the
strongest risk factors for their devel-
opment. The most important predictor
of complications from AAA remains
the size of the aneurysm. In 2005 the
American Heart Association and the
American College of Cardiology
published guidelines for screening,
surveillance, and repair, as shown in
T . '8 Currently, screening with
physical examination and abdominal
ultrasonography is recommended for
men older than 60 who have parents
or siblings who have ever been diag-
nosed with AAA (Class I). Screening
is also recommended for men aged 65

Table 5. AHA guidelines for abdominal aortic aneurysm (AAA) screening, surveillance, and repair.

Intervention | Recommendations Level of evidence
* Men = 60 years who are either the siblings or offspring of
patients with AAA should undergo physical examination Class |
Screening and screening abdominal ultrasound.
* Men 65-75 years who have ever smoked should undergo Class Il
physical examination and screening abdominal ultrasound.
* Patients with AAA 4 cm to 5.4 cm in diameter should be
monitored by ultrasound or CT scans every Class|
Surveillance | 6 t0 12 months to detect expansion.
* Patients with AAA < 4.0 cm in diameter should be
- Class Ila
monitored by ultrasound every 2-3 years.
* Patients with infrarenal or juxtarenal AAA > 5.4 cm in Class |
diameter should undergo repair.
Renair ¢ Repair can be beneficial in patients with infrarenal or Class Ila
P juxtarenal AAA measuring 5.0-5.4 cm in diameter.
¢ Repair may be indicated in patients with suprarenal or Class Ila
thoracoabdominal AAA measuring 5.5-6.0 cm in diameter.
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to 75 who have any smoking history
(Class Ila).

When aneurysms are found, cur-
rent guidelines require following any
measuring 4.0 to 5.4 cm in diameter
every 6 to 12 months by either abdom-
inal ultrasound or CT. Patients with
aneurysms measuring 5.5 cm or great-
er should undergo repair. For sympto-
matic AAA, repair is indicated regard-
less of diameter.

When the 2005 AHA guidelines
were published, no randomized con-
trolled trials had been carried out to
assess the appropriate size at which to
intervene on aneurysms involving the
thoracic aorta. This remains the case
today. Given the increased morbidity
associated with thoracic aorta repair,
the AHA guidelines recommend a
slightly greater diameter (5.5 to 6.0
cm) for repair of suprarenal or thora-
coabdominal aneurysms. However,
the IRAD registry has shown aneur-
ysm size to be a poor predictor of risk
of dissection, as the majority of dis-
sections occur at diameters less than
5.5cm.”

Conclusions

Aortic dissection and ruptured abdom-
inal aortic aneurysm are chief among
life-threatening aortic conditions pre-
senting to the emergency department.
As the symptoms of these are often
nonspecific, physicians need to have a
high index of suspicion and to be
aware of strategies for the diagnosis
and management of arterial patholo-
gy. Through the development of inno-
vative surgical techniques such as car-
diopulmonary bypass and synthetic
grafts, a uniformly fatal diagnosis has
been turned into one where survival is
possible if appropriate management is
instituted in a timely manner. Much of
the credit for this change rests with the
pioneering work of surgeon Michael
Ellis DeBakey.
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