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All 163 patients admitted to one institution between 1975 and
1988 with aortic dissection were reviewed. Type I and type II
patients received grafting of the ascending aorta, with an intra-
operative mortality rate of 11%. For type III dissection, man-
agement was medical in 53 patients, while 19 required surgery
for aortic rupture or expansion, with an intraoperative mortality
rate of 11%. The 9- or 10-year survival rates were 29%, 46%,
and 29% for types I, II, and III respectively. Of 135 patients
with primary aortic dissection, 17 (13%) required subsequent
aortic surgery. Cause of late death was other cardiovascular dis-
ease in 38%, rupture of another aortic segment in 18%, sudden
death in 24%, and other medical conditions in 21%. Although
operative therapy for types I and II dissections and reserving
operation for selected type III dissections provides acceptable
long-term survivaL careful follow-up is necessary due to con-
current cardiovascular disease and residual aortic disease.

A LTHOUGH THE LONG-TERM survival rate with
aortic dissection has improved since the reports
of Hirst' and Anagnostopoulos,2 aortic dissection

remains a morbid event, with hospital mortality rates as
high as 40%.3 Furthermore controversy still persists after
two decades of debate regarding therapy for descending
or DeBakey type III aortic dissection.

Based on many reports suggesting that medical man-
agement has survival rates equivalent to or better than
surgical therapy for type III dissection,2,4-11 conventional
management for type III dissection has been to reserve
operation for those patients with complications of aortic
dissection. Recently, however, several authors reported
large numbers of patients with type III dissection treated
surgically with remarkably low mortality rates.3" 2-'8 This
has reawakened interest in aggressive surgical therapy and
left doubts as to the optimal management therapy for
patients with type III dissection.
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For types I and II aortic dissection, operative therapy
has been the standard of care since the report of Daily.5
Debate has persisted, however, as to the relative merits
ofaortic valve replacement versus resuspension for aortic
valve insufficiency,3"19 the management of aortic arch in-
volvement with aortic dissection,2022 primary aortic repair
versus aortic grafting,'9'23 and the choice of the inclusion
versus exclusion techniques of aortic grafting.24-25 To
clarify these issues better, a retrospective study was un-
dertaken of all patients admitted to Duke University
Medical Center with the diagnosis of aortic dissection.

Methods

Patient Population

The records of all 163 patients admitted to Duke Uni-
versity Medical Center from 1975 through 1988 with the
diagnosis of aortic dissection were examined. Based on
the extent of dissection as classified by DeBakey,3 68 pa-
tients had type I dissection, 23 had type II dissection, and
72 had type III. During the 14-year period examined, most
patients were seen by the authors. The diagnosis of aortic
dissection was confirmed in all patients by either aortog-
raphy (135 patients), computed tomography (46 patients),
magnetic resonance imaging (8 patients), operative ex-
ploration (4 patients), or autopsy (3 patients).
To concentrate on treatment for primary aortic dissec-

tion, 28 patients were excluded from further analysis be-
cause of previous cardiac or thoracic aortic operation,
intraoperative aortic dissection, or death occurring before
any therapy was instituted. Nine type I and 1 type II pa-
tients presented moribund and expired shortly after ad-
mission, either before therapy could be instituted (8 pa-
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tients) or before the diagnosis of dissection was apparent
(2 patients). Seven type I, five type II, and three type III
patients had undergone previous cardiac or thoracic aortic
procedures. Nine of these 15 patients with previous op-

eration underwent surgical repair of their dissection with
five intraoperative deaths (56%). Four ofthe six medically
managed patients with previous operation were discharged
alive, with survival up to 106 months. Two type I and
one type II patients developed aortic dissection intra-
operatively during other cardiac procedures. Two of these
patients died during operation from cardiac failure and
one died 18 days after operation from sepsis and com-

plications of cardiac failure.
After discharge patients were followed with serial chest

films and with arteriogram, computed tomography, or

magnetic resonance imaging as needed to confirm the ex-

tent or size of aortic disease. Follow-up was obtained in
131 of 135 patients (97%) and was complete to 1988 in
1 8 of 135 patients (87%).

Statistical analysis ofsurvival and reoperation outcomes
was performed using the Cox-Mantel test to compare

Kaplan-Meier curves. Prognostic variables with signifi-
cant effect on survival were determined from the Cox
proportional hazards regression model using both uni-
variate and multivariate analysis. Only those variables
significant at the 0.1 level by univariate analysis were ex-

amined with multivariate models and stepwise backward
elimination of insignificant variables. Because ofthe small
number of patients and deaths in this study, no attempt
was made to include all variables of possible prognostic
significance in the multivariate analysis. Unless otherwise
stated, all results are listed as mean ± standard error of
the mean.

Management Technique

Patients with significant hypertension were admitted
to the intensive care unit for monitoring and for blood
pressure control with beta blockers and vasodilators. All
patients managed medically or surgically received long-
term treatment with beta blockers and additional anti-
hypertensive agents as needed for blood pressure control.

Surgical candidates with ascending aortic dissection
underwent median sternotomy. Patients were cooled to
28 C on cardiopulmonary bypass and the heart was ar-

rested with cold potassium cardioplegia. The ascending
aorta was opened longitudinally after clamping the aorta
just below the innominate artery, and aortic intima and
adventitia were reattached with sutures.26 In all but 10
patients, a woven Dacron graft then was sutured proxi-
mally just above the coronary ostia, and the distal suture
line was completed using 3-0 polypropylene. Eight patients
underwent primary aortic repair with obliteration of the
false lumen23 and two patients had an intraluminal pros-

thesis inserted into the ascending aorta.27 In four patients
with intimal tears ofthe aortic arch, circulatory arrest was
used to extend the distal anastomosis up under the arch.
Two patients with known arch tears were managed suc-

cessfully with grafting of the ascending aorta alone, and
one patient with an arch tear died from hemorrhage before
grafting could be attempted. In patients with type I or

type II dissection, aortic valve resuspension was performed
in 22 of 66 patients (33%) for acute dissection involving
a previously normal aortic valve. Nine patients (14%) re-

quired aortic valve replacement for underlying aortic ste-
nosis (four patients), annuloaortic ectasia (two patients),
or chronic dissection (three patients). The two patients
with annuloaortic ectasia each required Bentall28 proce-

dures due to aortic root enlargement.
Since 1975 patients with type III dissection were man-

aged selectively, i.e., surgery was offered only to those of
acceptable operative risk and with aortic expansion or

complications of aortic dissection.29 Fifty-one patients
were managed medically, while 18 type III patients re-

quired surgical intervention. Indications for operation
were aortic rupture in eight and aortic expansion in 10.

Patients with type III dissection were explored by pos-
terolateral thoracotomy through the left fourth or fifth
intercostal space. The distal circulation was supported with
left femoral vein to left femoral artery cardiopulmonary
bypass in eight patients (44%). A heparinized Gott shunt
from the proximal aorta or left ventricular apex to the
left femoral artery was used in seven patients (39%). Three
patients (17%) were managed without additional perfusion
of the distal circulation, due to either life-threatening
hemorrhage or inadequate access to the distal circulation.
The aorta was opened longitudinally into the true lumen
and the tear was identified. A straight woven Dacron graft
was secured within the aortic lumen with proximal and
distal anastomoses of 3-0 polypropylene, incorporating a

strip of Teflon felt wrapped externally around the native
aorta. When possible the aortic wall was closed over the
graft.

Patient Presentation

The mean age for patients with ascending dissection
(types I or II) was 56 ± 12 (standard deviation [SD]) years,
with 74% of patients being male. Presentation was acute
(less than 2 weeks ofsymptoms) in 90% oftype I patients,
as opposed to 38% of type II patients (p < 0.001) (Table
1). Type I patients were also more likely to present with
rupture (32% versus 0%, p < 0.05) or tamponade (25%
versus 0%, p = 0.05) than type II patients (Table 2). Aortic
insufficiency was clinically evident in 30% of ascending
aortic dissections, and 13% ofpatients with ascending dis-
section presented in shock. Type I dissection was asso-

ciated with pulse loss in 48% of patients and dissection
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TABLE 1. Patient Characteristics in Types I, I, or III Aortic
Dissection with Medical or Surgical Therapy

Type III

Characteristic Type I Type II Medical Surgical

Number 50 16 51 18
Age 56 ± 2 55 ± 2 67 ± 1 62 ± 2
Male 39 (78%) 10 (63%) 36 (71%) 12 (67%)
Acute 45 (90%) 6 (38%)* 37 (73%) 9 (50%)
Thoracoabdominal 30 (60%) 28 (55%) 11 (61%)
No. medical illnesses 0.6 ± .1 1.0 ± .1* 1.4 ± 0.2 0.5 ± 0.3t

* p < 0.05 vs. type I.
t p < 0.05 vs. medical.

below the diaphragm in 60% of patients. Type II patients
were more likely than type I to have cardiac disease (75%
versus 24%, p < 0.001) with 56% oftype II patients having
previous aortic valve disease. Marfan's syndrome also was
slightly more common in type II dissection, occurring in
4% of type I and 13% of type II dissections. Renal or
visceral ischemia, stroke, and myocardial infarction were
relatively uncommon, with myocardial infarction in 2%
of ascending dissections and stroke or renal or visceral
ischemia each occurring in 6% of ascending dissections.

In 69 patients dissection originated in the descending
thoracic aorta. Of these 69 type III patients, 10 patients
had dissection extending proximally into the aortic arch,
while 59 dissections were strictly distal to the left subcla-
vian artery. Thirty type III dissections were limited to the
thoracic aorta, while 39 extended into the abdominal
aorta. Age ranged from 47 to 83 years, with a mean of 66
+ 9 (SD) years, which is somewhat older than types I and
II dissections (p < 0.05) (Fig. 1). There were 48 men and
21 women, with 46 type III patients presenting acutely,
while 23 patients had chronic dissections. Compared to
medical patients, surgical type III patients were younger,
had a higher incidence of rupture on admission, and had
fewer major medical illnesses. The number of major

TABLE 2. Presenting Complications in Types I, II, or III Aortic
Dissection with Medical or Surgical Therapy

Type III

Complication Type I Type II Medical Surgical

Number 40 12 51 18
Rupture 14 (35%) 0* 2 (4%) 8 (44%)t
Tamponade 10 (25%) 0 0 0
Shock 7 (18%) 1 (8%) 2 (4%) 0
Aortic insufficiency 13 (32%) 3 (25%) 0 0
Pulse loss 19 (48%) 0* 2 (4%) 0
Renal or visc ischemia 3 (8%) 0 2 (4%) 1 (6%)
Stroke 2 (5%) 1 (8%) 0 0
Myocardial infarction 0 1 (8%) 2 (4%) 0

* p < 0.05 vs. type I.
t p < 0.05 vs. medical.
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FIG. 1. Age distribution of patients with ascending (type I or II) or de-

scending (type III) aortic dissection.

medical illnesses was computed as a count ofthe following
organ systems involved with significant disease: cardiac,
pulmonary, renal, cerebrovascular, peripheral vascular,
and gastrointestinal/biliary. Medical and surgical patients
did not differ significantly in sex, distal extent ofdissection,
or chronicity (Tables 1 and 2).

Results

Types I and II Aortic Dissection

The intraoperative mortality rate was 11% (5 of 47 pa-
tients) for type I patients and 14% (2 of 14 patients) for
type II patients. The 30-day mortality rates were 26% (12
of 47 patients) and 14% (2 of 14 patients for types I and
II dissections, respectively, with 5-year survival rates of
56% ± 9% and 87% ± 8% (Fig. 2). The cause of death
with types I or II dissection was cardiovascular disease in
38%, intraoperative in 27%, rupture in 12%, sudden or
unexplained in 8%, and other unrelated caused in 15%
(Fig. 3).

Subsequent to their original operation, nine patients
(17%) with types I or II dissection underwent further sur-
gical procedures for aortic dissection (Table 3). Freedom
from dissection-related death or complication requiring
operation was 55% ± 8% at 5 years and 39% ± 11% at 9
years for patients with type I dissection and 80% ± 6%
and 46% ± 21% for patients with type II dissection at 5
and 10 years, respectively (Fig. 2). Despite the significant
incidence of late dissection-related death or reoperation,
freedom from late thoracic aortic operation was 87% ± 6%
and 60% ± 15% at 5 and 10 years, respectively, for types
I or II aortic dissection (Fig. 4). Long-term results for 17
patients receiving aortic valve resuspension were good,
with no patient requiring a subsequent aortic valve pro-
cedure. Patients with types I or II dissections undergoing
aortic valve replacement or no aortic valve procedure had
a 30% probability of needing subsequent aortic valve re-
placement at 10 years (Fig. 5). Ofeight patients undergoing
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FIG. 2. Patient survival (left
panel) and freedom from
dissection-related death or

late operation (right panel)
for type I, type II, and type
III aortic dissections.
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primary repair of aortic dissection without grafting, two
subsequently required Bentall procedures for aortic in-
sufficiency and ascending aortic aneurysm at 8 and 71
months after operation.

For patients with types I or II dissection, only thora-
coabdominal dissection (extension ofthe dissection below
the diaphragm) or the presence ofa tear in the aortic arch
were significantly related to long-term mortality (Table
4, Fig. 6). In this population of 66 patients with types I
or II dissection treated surgically, patient age, aortic rup-

ture, complications of dissection at presentation (defined
as shock, acute renal failure, visceral ischemia, pulse loss,
acute myocardial infarction, or acute stroke), gender, acute
presentation, admission date, emergent operation, and the
number ofmedical illnesses all failed to reach significance
as independent predictors of death. The 6-month mor-
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FIG. 3. Cause ofdeath for patients with ascending dissection (top panel)
or descending dissection with medical or surgical therapy (bottom panel).

tality rate did, however, increase from 10%-20% to 40%-
60% as age exceeded 60 years (Fig. 7).
An additional predictor of 30-day mortality rate in pa-

tients with acute types I or II dissection appeared to be
the experience of the operating surgeon. For acute types
I or II dissections during the time period examined, three
surgeons each performed nine or more operations for
aortic dissection, with a 30-day operative mortality rate
of 18% (7 of 39 patients). This mortality rate was signif-
icantly better than the pooled 30-day mortality rate of
72% (13 of 18 patients; p = 0.0001) for the seven re-

maining surgeons who each repaired seven or fewer dis-
sections during the 14-year period examined.

Type III Aortic Dissection

With type III dissection, hospital stay was 14 ± 2 days
for surgical patients and 9 ± 1 days for medical patients
(p < 0.05). The intraoperative mortality rate was 25%
(two ofeight patients) in patients presenting with rupture,
with death resulting from hemorrhage in each patient. No
intraoperative deaths occurred when operation was per-
formed electively for aortic expansion. The 30-day hos-
pital mortality rate was 62% (five of eight patients) in
patients undergoing operation for rupture, with the three
additional hospital deaths resulting from cardiac failure,
myocardial infarction, and cardiac arrhythmias in one

patient each. All patients repaired surgically for aortic ex-

pansion were discharged alive, and no patient developed
paraplegia. The 30-day mortality rate was 18% (9 of 51
patients) for patients treated medically, with the cause of
death being rupture in two, myocardial infarction in two,
and heart failure, renal failure, arrhythmia, sudden death,
and hemorrhage at delayed operation in one patient each
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TABLE 3. Subsequent Operations for Complications ofAortic Dissection in Patients Managed Surgically

Initial Interval to
Type Operation Reoperation Reoperation Reoperation Indication

I AscAo, Resus AscAo 69 months Recurrent dissection
I AscAo, AVR AscAo 38 months False aneurysm
I AscAo AscAo 3 months Mediastinitis, anast

dehiscence
II Primary AVR, AscAo 8 months Aortic insuff
II AscAo, AVR AVR, AscAo 102 months Aortic insuff
II Primary Bentall 71 months Aortic insuff, aortic expansion
I Bentall DescAo, Arch, 30 months Distal dissection, Marfan's

ThorabdAo 55 months syndrome
91 months

I AscAo, Resus DescAo, AxFem 3 months Distal ischemia
I AscAo FemFem 1 day Distal ischemia

III DescAo DescAo 65 months Distal dissection
III DescAo DescAo 2 months False aneurysm

Arch = arch graft, AscAo = ascending aortic graft, AVR = aortic valve
replacement, DescAo = descending aortic graft, Primary = ascending

(Fig. 3). One medical patient dying of rupture was mor-

ibund at admission, and a second medical patient died of
rupture acutely after an otherwise stable course. For all
69 type III patients, 5- and 10-year survival rates were

48% ± 7% and 29% ± 8%, respectively (Fig. 2). Late aortic
rupture was confirmed in one medical patient after 58
months and in two surgical patients after 5 and 47 months.

Eight patients ( 12%) with type III aortic dissection un-

derwent aortic operations subsequent to initial therapy.
Two medical patients required grafting of the descending
aorta for rupture or expansion after 9 days and 17 months
of medical therapy, respectively. Three medical patients
underwent grafting of abdominal aortic aneurysms after
2, 6, and 43 months. One medical patient required grafting
ofthe ascending aorta after 22 months for ascending aortic
aneurysm. Two surgical patients required reoperation 2

aortic primary repair, Resus = aortic valve resuspension.

and 65 months after operation, one for false aneurysm of
the proximal anastomosis and one for progression of de-
scending thoracic dissection (Table 3). For patients with
type III aortic dissection, freedom from dissection-related
death or complication requiring operation were 54% ± 8%
at 5 years and 46% ± 8% at 10 years (Fig. 2). Freedom
from late thoracic aortic operation was 92% ± 10% and
73% ± 22% at 5 and 10 years, respectively (Fig. 4)
By univariate analysis for type III dissection, the only

factors significantly associated with impaired long-term
survival were the presence of complications of dissection
at presentation, increasing patient age, aortic rupture at
presentation, admission date, and acute presentation (Ta-
ble 5). By multivariate analysis, only the presence ofcom-
plications of dissection on admission, increasing patient
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TABLE 4. Univariate and Multivariate Analysis of Variables
Significantly (Univariate p < 0.1) Predictive ofDeath for

Ascending Aortic Dissection

Univariate Multivariate

Variable Chi2 p Chi2 p

Arch tear 3.94 0.047 2.54 0.11
Thoracoabdominal dissection 3.60 0.058 2.82 0.09

age, and aortic rupture were independent predictors of
death (Figs. 7 and 8). Among the complications of dis-
section present at admission, shock, acute renal failure,
visceral ischemia, acute myocardial infarction, and pulse
loss were each associated with no survival more than 5
months in type III dissections. Six-month mortality rate
increased dramatically from less than 20% to 60% as age
approached 70 years in descending dissections (Fig. 7).
Proximal or distal extent of dissection, gender, the pres-
ence of an arch tear, and concurrent medical illness all
failed to reach significance as independent predictors of
survival in patients with type III aortic dissection. Of par-
ticular importance in type III dissections, no significant
difference in survival was noted between patients treated
medically and those treated surgically (p = 0.5) (Fig. 9).
Estimates of maximal aortic size by computed tomogra-
phy or aortography were significantly related to subse-
quent risk of rupture or need for operation (Fig. 10). Dis-
sections larger than 5.5 cm to 6.0 cm in diameter had
greater than a 50% probability of rupture or operation.

Discussion

The earliest descriptions ofaortic dissection were those
by Morgagni in 176130 and by Nicholls in his autopsy of
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King George II in 1760.3' Clear distinction between dis-
sections involving different portions of the aorta was not
made until 1955, when DeBakey described nine different
subgroups of dissections along with the first large series
of surgical results.32 In 1964 and again in 1982, DeBakey
revised the classification of aortic dissection into three
types based on the location ofthe aortic tear33 or the extent
of aortic involvement.3 In 1970 Daily et al.5 noted that
descending dissections generally had better survival with
medical therapy than with surgical therapy, unless com-
plications of dissection or increase in aortic size mandated
surgical intervention. Based on these observations, the
Hume,34 Stanford,5 Reul,'2 Najafi,35 Alabama,7 Inoue,36
and MGH'0 classifications have all distinguished dissec-
tions involving the ascending aorta from those that
do not.

Since the reports of Daily5 and others, standard treat-
ment of descending or type III dissection has reserved
surgical therapy for patients with complications or aortic
enlargement. Yet, despite many published studies oftype
III aortic dissection, debate as to the optimal therapy for
type III dissection has persisted due to lack of controlled
data and due to improved results with surgical therapy.
Systematic analysis ofprognostic variables in type III dis-
section has been reported from only a small number of
institutions. 18'37'38 Similarly data including 10-year follow-
up and series of at least 150 patients are scanty, coming
from four institutions: Baylor University,3"18 Stanford
University,'3'37 the Mayo Clinic,'7"19 and the Massachu-
setts General Hospital.'0

In the present series, surgical management for selected
high-risk type III patients produced results similar to those
of other recent surgical series. The 30-day mortality rate
of 28% for surgical type III patients correlates with that

FIG. 6. Survival with or with-
out an arch tear (left panel)
and with thoracic or thora-
coabdominal dissection (right
panel) in patients with as-
cending aortic dissection.
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Survival Time (yrs)

14 6 1 Thor 36 18 11 9 3 1
0 0 0 Thbd 30 16 12 5 3 0
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TABLE 5. Univariate and Muftivariate Analysis of Variables

Significantly (p < 0.1) Predictive ofDeath for
Descending Aortic Dissection

Univariate Multivariate

Variable Chi2 p Chi2 p

Presenting complication of
dissection 57.80 0.0001 25.76 0.0001

Age 12.98 0.0003 11.96 0.0005
Rupture 7.43 0.006 6.24 0.01
Recent admission data 6.73 0.01 2.09 0.15
Acute presentation 3.87 0.049 1.91 0.17

70 80 30 40 50 60 70 80

Patient Age (yrs) Patient Age (yrs)

FIG. 7. Influence of patient age on 6-month mortality rates in patients
with ascending or descending aortic dissection.

of other series (Table 6), and the long-term survival rate
shown in Figure 2 also parallels that reported by Craw-
ford,'8 Rizzoli,39 and Sutton.8 Differing patient selection
criteria between series may account for some of the dif-
ferences in mortality rates. The increased likelihood of
rupture or operation with aortic diameter greater than 5.5
cm to 6 cm in type III dissection (Fig. 10) compared well
with the 5.5-cm criterion for operation proposed by
Crawford et al.'8

Data from the current study (Fig. 9) imply that selective
management of type III dissection, as practiced at this
institution, can provide acceptable results with compa-
rable survival between medical and surgical groups. Figure
9 does not, however, imply that surgical and medical
treatment were equivalent because all surgical patients
had aortic rupture or aortic expansion and should have
had worse survival if surgical intervention had been inef-
fective. For patients with uncomplicated descending aortic

dissection, a retrospective, multivariate analysis ofpatients
from two institutions similarly found no difference in sur-
vival or incidence of late operation between medical and
surgical therapy.38
Type I dissection is known to be associated with a par-

ticularly poor prognosis without surgical intervention.5
The number of type I patients arriving at this institution
sufficiently ill to die before therapy could be instituted
emphasizes the urgency with which acute type I dissection
must be managed. Other than the current report, very few
surgical series have provided data on the incidence and
outcome in patients not receiving operation for type I or
II dissection due to death occurring before operation or
due to other severe medical disorders.'8

Intraoperative aortic dissection was rare at this insti-
tution but was highly morbid with all three patients dying
of cardiac failure, perhaps due to severity of underlying
cardiac disease and origin of the dissection in the ascend-
ing aorta. Murphy et al.40 reported a 40% (6 of 15 patients)
mortality rate with intraoperative dissection, while Carey4'
reported survival in six of seven patients in whom intra-
operative dissection originated at the femoral artery can-

100
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TABLE 6. Medical and Surgical Deaths (*30-day, Hospital, or
Operative) from Larger Studies of Type III Aortic Dissection

Institution Author Medical Surgical

Baylor Crawford 1988 41/317
Lyon, France Kirkorian 1988 15/42
Mayo Jex 1986 18/64*
MGH/Yale Cambria 1989 13/90 27/58
Milan, Italy Ruberti 1988 11/29*
Stanford Miller 1984 15/54*
Texas Heart Institute Reul 1975 19/91*
U Alabama Appelbaum 1976 7/27 8/21
U British Columbia Fradet 1988 4/27 6/20
U Virginia Mills 1979 10/17 5/14
Uppsala, Sweden Bergholm 1984 5/22 12/13
Zurich, Switzerland Von Segesser 1988 8/31
Total 53/225 (24%) 170/712 (24%)

12 7 5 4
6 3 2 2

F1G. 9. Patient survival with medical or surgical therapy in descending
aortic dissection.
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procedures. On the other hand, patients presenting with
chronic ascending aortic dissection after previous cardiac
operations may fare better, with five of six such patients
reported by Orszulak42 surviving repair of aortic dissec-
tion.

in the current senes and that ot Murpfy may Increased deaths in types I or II dissection with aortic
more serious nature of dissection originating involvement below the diaphragm (Fig. 6, Table 4) has
nding aorta as opposed to the femoral artery.4' been reported by Cambria43 and DeBakey.3 These addi-
resent series, the mortality rate was also signif- tional deaths may have resulted from increased risk of
patients with previous cardiac or thoracic aor- distal organ ischemia and distal aortic rupture. Indeed the
ires required acute surgical intervention. Sim- occurrence of peripheral pulse loss or visceral ischemia
phy reported only two of nine survivors with as presenting complications of descending dissection was
for acute ascending aortic dissection occurring associated with a significant mortality rate in the current
Tious cardiac surgical procedure, and these two study (Table 5). Crawford et al.'8 have reported large
iad the dissection repaired within hours of the numbers of patients in whom both the thoracic and the
rdiac procedure.' Early diagnosis and operative abdominal aorta were grafted. The morbidity ofextensive
)n therefore would appear to be important in aortic grafting still leaves doubt as to the role for such
acute types I or II dissection after other cardiac procedures.

The association between native aortic valve disease and

Descending Dissection dissection, including chronic type II dissections, was noted
by McKusick in 1957." Type II dissection may be more
likely when previous aortic disease is limited to the as-
cending aorta (as with ascending aortic aneurysm asso-
ciated with aortic valve disease), while type I dissection

)o o may more often result from chronic hypertension and
diffuse aortic disease.

) -o/ Spencer and Blake45 first described successful resus-
pension of the aortic valve for regurgitation produced by

0/o aortic dissection in 1962. While several authors have fa-
vored aortic valve replacement for aortic valve insuffi-

00o ciency due to dissection,3,46-48 many institutions have re-
0 o ported good short-term results for aortic valve resuspen-

, , , , | sion.719 25,49-52 Long-term results after aortic valve

3 4 5 6 7 8 9 resuspension have been limited to the report of Miller et
al.13 with two reoperations in 134 patient-years of follow-

Aortic Diameter (cm) Up49 and the report of Jex et al.'9 with 1 of 18 patients
Iofmaximal aortic diameter on probability ofaoric rupture ultimately requiring reoperation. Data from the current
ration in descending aortic dissection. study (Fig. 5) demonstrate that the failure rate of aortic
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valve resuspension with up to 9 years of follow-up can be
low in patients with acute dissection, a previously normal
valve, and absence of annuloaortic ectasia. Previous dis-
satisfaction with aortic valve resuspension may have re-
sulted from suboptimal patient selection.

Primary repair of aortic dissection was described by
DeBakey in 1955 for type III dissections32 and in 1964
for ascending aortic dissection.33 Olinger23 recently re-
ported a series of 14 patients undergoing primary repair
of ascending aortic dissection, with one patient requiring
subsequent aortic valve replacement and repair ofa sinus
of valsalva aneurysm. In the present series, however, a
significant 25% incidence of late ascending aortic aneu-
rysm and aortic insufficiency requiring operative correc-
tion was noted. Three of five patients with primary aor-
torrhaphy reported by Appelbaum et al.7 died from re-
dissection. Jex et al.'9 also noted recurrent aortic dissection
in 4 of 13 patients treated with primary aortorrhaphy as
opposed to 3 of 59 patients treated with an aortic graft (p
= 0.005). Although the patient numbers are small, these
results suggest that interposition grafting of ascending
aortic dissection should be the procedure of choice for
repair of aortic dissection.

Just as the merits of primary aortic repair have been
debated, the choice of the inclusion26 versus exclusion'3
of the native aortic wall around the aortic graft has been
controversial. Massimo et al.53 reported that the incidence
of late death due to persistent distal dissection was higher
with the inclusion technique than with aortic exclusion.
Similarly Kouchoukos et al.24 reported a higher incidence
of late reoperation on the ascending aorta or aortic valve
using the inclusion versus the exclusion technique (23%
+ 5% versus 10% ± 7% at 5 years). Borst,25 on the other
hand, argued that the inclusion technique should better
obliterate the false channel and decrease secondary rup-
ture. Data from the current study indicate that the inclu-
sion technique can provide a low incidence of reoperation
at 5 years (13% ± 6%) (Fig. 10) quite comparable to the
13% ± 4% incidence of dissection-related reoperation at
5 years reported by Haverich et al.37 with the exclusion
technique. Although the reoperation rate at 10 years was
somewhat higher in the current study with the inclusion
technique (40% ± 15%) than that reported by Haverich
et al.37 with aortic exclusion (23% ± 6%), these results do
not differ significantly due to small patient numbers.
The greatest source of death in the current study was

associated cardiovascular disease (Fig. 3). The fact that
known pre-existing cardiac, renal, or cerebrovascular dis-
ease were not of prognostic significance suggests that car-
diovascular disease was more pervasive in this patient
population than was clinically evident. The significant
long-term mortality rate and the prominence of cardio-
vascular, sudden, and rupture-related death suggests that
careful follow-up is needed, both for cardiovascular disease

39

and for complications ofaortic dissection. The significance
of residual aortic disease also was demonstrated by Hei-
nemann et al.,54 who found that 17% of 86 patients with
acute ascending aortic dissection developed significant di-
lation ofthe distal aorta after repair ofthe ascending aorta.
These results parallel those observed for all patients with
Marfan's syndrome, with which 48% ofdeaths are due to
aortic dissection or rupture and 36% are due to sudden
death or other cardiovascular disease.55
The influence of the surgeon's experience on operative

mortality rates in aortic dissection has not been docu-
mented previously. Several factors that might contribute
to the association between the surgeon's experience and
operative mortality rate include the relative infrequency
ofaortic dissection in most thoracic surgical practices, the
acuity with which most patients present, the technical de-
mands ofoperations for aortic dissection, especially when
exposure is difficult and tissues are suboptimal, and the
judgment required in technical aspects such as the han-
dling of distal perfusion during aortic clamping. The im-
plication is that, even in a large medical center, mortality
rates might be improved through management of aortic
dissection by a few individuals.
One potential weakness of this study was the number

of patients dying suddenly, especially in the type III group,
without being able to distinguish sudden death by aortic
rupture from death by other causes, such as stroke or
myocardial infarction. These sudden deaths generally oc-
curred at home or in outlying hospitals and again em-
phasize the need for long-term follow-up, both for asso-
ciated cardiovascular disease and for aortic disease.

Remaining issues include whether surgical therapy
might benefit type III patients other than those with rup-
ture or expansion. The low surgical mortality rate in the
group operated on electively for expansion suggests that
a relatively low operative mortality rate could be achieved
under elective conditions for other patients. Patients with
acute dissection and those with retrograde dissection po-
tentially could benefit more frequently from operation
more than currently thought. Although retrograde aortic
dissection is not uncommon, few data are available re-
garding outcome of aortic dissections originating in the
descending aorta but extending retrograde into the aortic
arch or ascending aorta. Pinet56 found 4 of 32 patients
(13%) with dissection originating in the descending aorta
to have involvement of the ascending aorta, not unlike
the aortic arch involvement seen in 10 of69 patients (14%)
with type III dissection in the present study. Cipriano57
reported deaths in three of six patients with retrograde
extension of dissection into the ascending aorta. The three
retrograde patients managed surgically in the current series
gave mixed results, with one operative death, one long-
term survivor, and one patient dying suddenly at home
1 month after operation. While patients with acute or
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retrograde type III dissection may be at increased risk for
death, extent of this risk and the optimal management of
these patients awaits further data.
A related issue is whether those patients with ascending

dissection and increased risk due to an intimal tear in the
aortic arch might also benefit from a more aggressive ap-
proach. Several authors' 8,20,21,53,58 have grafted the aortic
arch when involved, particularly with an intimal tear in
the aortic arch or compromise ofbrachiocephalic vessels.
Nonetheless the 20% to 34% mortality rate of arch re-
placement has tended to discourage its use. Furthermore
Miller et al.'3 were unable to show any significant rela-
tionship between resection of the primary intimal tear
and subsequent risk of late valvular or aortic operation,
although the reoperation rate was lower in patients with
tear resection.

Operation remains the therapy of choice in patients
with type I or II aortic dissection. Particularly in type I
patients in whom presentation is often acute, operation
should be performed on an urgent basis because the risk
of death from rupture is otherwise significant. Type II
patients more often present with chronic dissection and
with previous aortic valve disease. Aortic valve resuspen-
sion in patients without native aortic valve disease has
resulted in excellent freedom from long-term valve failure.
The practice of reserving surgical intervention for type III
patients with rupture or expansion has produced accept-
able outcome at this institution during the last 14 years.
The late incidence ofaortic complications such as rupture,
further dissection, or expansion often requiring surgery
was a small but significant contributor to late death. Care-
ful and aggressive follow-up with chest film, computed
tomography, or angiography is essential in minimizing
late morbidity and mortality rates due to residual aortic
disease and concurrent cardiovascular disease in patients
with aortic dissection.
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