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Background: Surgical mortality for acute type A aortic dissection reported in
different experiences from single centers or surgeons varies from 7% to 30%. The
International Registry of Acute Aortic Dissection, collecting patients from 18
referral centers worldwide, identifies a preoperative risk stratification scheme and a
real average surgical mortality for acute type A aortic dissection in the current era.

Methods: A comprehensive analysis was completed of 290 clinical variables and
their relationship to surgical outcomes in 526 of 1032 patients enrolled in the
International Registry of Acute Aortic Dissection from 1996 through 2001. Ex-
tracted cases, categorized according to risk profile, were defined as unstable (group
I) in the presence of cardiac tamponade; shock; congestive heart failure; cerebro-
vascular accident; stroke; coma; myocardial ischemia, infarction, or both; electro-
cardiograms with new Q waves or ST elevation; acute renal failure; or mesenteric
ischemia-infarction at the time of the operation. Outside of an unstable condition,
patients were categorized as stable (group II).

Results: The overall in-hospital mortality was 25.1%. Mortality in group I was 31.4%
compared with 16.7% in group II (P � .001). Independent preoperative predictors of
operative mortality were history of aortic valve replacement (odds ratio � 3.12),
migrating chest pain (odds ratio � 2.77), hypotension as sign of acute type A aortic
dissection (odds ratio � 1.95), shock or tamponade (odds ratio � 2.69), preoperative
cardiac tamponade (odds ratio � 2.22), and preoperative limb ischemia (odds ratio �
2.10).

Conclusions: The International Registry of Acute Aortic Dissection experience
confirms that patient selection plays an important role in determining surgical
outcomes in patients with acute type A aortic dissection. Knowledge of significant
risk factors for operative mortality can contribute to better management and a more

defined risk assessment in patients affected by acute type A aortic dissection.
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cute proximal aortic dissection is one of
the most serious cardiovascular condi-
tions and is associated with morbidity and
mortality that has not changed in recent
decades.1-9 Emergency surgical treatment
is aimed to avoid lethal complications

from complete rupture, pericardial tamponade, or coronary
obstruction. Despite improved surgical techniques and peri-
operative care, operative mortality remains high, between
15% and 30%.1-9 Advances in understanding the pathophys-
iology of dissection and its variants and the proliferation of
improved diagnostic and therapeutic procedures have raised
expectations for better outcomes. The relationship between
preoperative risk factors and mortality has been studied
recently but only in small groups of patients collected over
short follow-up periods7,8,10-16 or without distinguishing
type A from type B dissection10,13,14,16,17 or acute from
chronic cases.7,11,14,16,17 The International Registry of
Acute Aortic Dissection (IRAD) represents a unique oppor-
tunity to study large groups of consecutive patients affected
by aortic dissection collected in 18 large referral centers
worldwide. We completed a comprehensive analysis of 290
clinical variables and their relationship to surgical out-
comes. The aim of this analysis was to identify important
corollaries of surgical outcomes in acute type A aortic
dissection and to create a preoperative risk stratification
scheme to improve medical and surgical treatment.

Methods
Patient Selection and Data Collection
The IRAD has previously been described.9 One thousand thirty-
two consecutive patients with acute aortic dissection were enrolled
at 18 large tertiary centers in 6 countries between January 1, 1996,
and December 31, 2001. The aim of the IRAD is to identify
patterns of clinical signs and presentation, diagnostic and thera-
peutic management, and outcomes of patients with acute aortic
dissection prospectively followed from presentation or retrospec-
tively followed from hospital records. Data were collected by
using a standardized data form with 290 clinical variables, includ-
ing patient demographics, history, clinical presentation, physical
findings, imaging studies, medical and surgical management, in-
hospital mortality, and adverse events. Completed data forms were
forwarded to the coordinating center at the University of Michigan.
Data forms were reviewed for analytic internal validity and
scanned electronically into an Access database. For this analysis,
647 potential candidates for surgical intervention with proximal
aortic dissection were analyzed.

Data Analysis
Summary statistics were presented as frequencies and percentages,
means � SD, or medians and interquartile ranges. Missing data
were not defaulted to negative, and denominators reflect only
actual reported cases. Associations of death among nominal vari-
ables were compared by using the �2 test or the 2-sided Fisher

exact test. Bivariate comparisons of continuous variables were
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compared with the Student t test or the Wilcoxon rank sum test.
Iterative logistic modeling was performed for in-hospital mortality
by using the likelihood ratio test for model selection. Initial mod-
eling implemented elements marginally suggestive of an unad-
justed association to in-hospital mortality (P � .20). Variables
were reviewed for clinical significance before testing. Diagnostic
routines (Hosmer-Lemeshow test for lack of fit, change in devi-
ance and residuals, and leverage indicators) were used on final
model selection.

Extracted cases were also categorized according to risk profile;
very high-risk patients were defined as preoperatively showing
and/or presenting to surgical intervention with cardiac tamponade;
shock; congestive heart failure; cerebrovascular accident; stroke;
coma; myocardial ischemia, infarction, or both; electrocardio-
grams (ECGs) with new Q waves or ST elevation; acute renal
failure; or mesenteric ischemia-infarction and were considered
unstable (group I). Outside of an unstable setting, patients were
categorized as stable and at moderate risk (group II). We compared
presenting features and outcomes for group I (unstable) versus
group II (stable) by using the �2 test or the Student t test. SAS 8.2
(SAS Institute, Cary, NC) and SPSS 11.5 (SPSS Inc, Chicago, Ill)
were used for the analyses.

Results
Patient Population
Of 1032 consecutive patients with acute aortic dissection
enrolled between January 1, 1996, and December 31, 2001,
647 (62.7%) had type A dissection. Of these, 121 (18.7%)
patients were treated medically for a variety of reasons, such
as advanced age (23 [23.5%] patients), severe comorbid
illness (65 [66.3%] patients), intramural hematoma (16
[13.7%] patients), or refusal of any surgical intervention (18
[18.4%] patients). A total of 526 patients underwent oper-
ations for acute type A aortic dissection and were included
in this analysis. Their mean age was 60 � 14 years, with
male predominance (70%). Of these, 375 (72.5%) patients
had been transferred to an IRAD center from a referral
hospital for definitive treatment. Among surgical patients,
Marfan syndrome was present in 6.0%, and 7.5% of patients
had prior myocardial infarction. Hypertension was present
in 68.9% of patients, atherosclerosis in 26.9%, and diabetes
in 3.2%. A bicuspid aortic valve was noted in 4.9% of
patients. Prior aortic dissection or aortic aneurysms were
seen in 2.7% and 10% of patients, respectively. Prior car-
diac surgery was noted in 17.2%, with aortic valve replace-
ment in 4.4%; coronary artery bypass grafting (CABG) in
6.3%; aortic replacement for aneurysm, dissection, or both
in 5%; and mitral valve surgery in 0.4%. In 28 (5.8%)
patients iatrogenic dissection was suggested as a complica-
tion of cardiac surgery or cardiac catheterization (Table 1).

Presenting Signs and Symptoms
The abrupt onset of pain was observed in 85.5% of patients:
chest pain was present in 81.6%, back pain in 45.8%, and

abdominal pain in 22%. The initial ECG appeared normal in
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31.0%, with signs of myocardial ischemia in 19.9% and
myocardial infarction with new Q waves or ST elevations in
6.0%. A pulse deficit was present in 139 (31.0%) patients,
and heart failure was present in 5.4%. The acute manifes-
tation of aortic dissection included syncope in 19.4% and
neurologic symptoms in 13.6%, with cerebral ischemia in
5.7% of patients (Table 2). Preoperative hypertension ap-
peared at presentation in 32.4% of patients and hypotension
in 17.6%, and shock or tamponade was diagnosed in 16.1%
before the operation. Hemodynamic status was documented
on arrival in the referral hospital and at the time of the
operation (Table 3).

Diagnostic Evaluation
The diagnosis of acute type A aortic dissection was made
with one or more imaging methods in the vast majority of
cases, including transesophageal echocardiography in
79.3%, computed tomography in 68.1%, aortography in
19%, and magnetic resonance imaging in 4.8%. Chest ra-
diography showed a widened mediastinum in 61.5% of
patients, whereas no abnormalities were noted on chest
radiography in 14.3%. Tomographic imaging revealed in-
tramural hematoma in 5.4% of patients, aortic regurgitation
in 62.6%, pericardial effusion in 46.3%, and coronary artery
involvement in 14.2%. A proximal intimal tear was identi-
fied in the aortic root in 39.0% of patients, in the ascending
aorta in 54.7%, and in the aortic arch in 3.8% (Table 4). The
mean diameter of the aortic annulus was 30 mm, the aortic
root was 44 mm, the sinotubular junction was 41 mm, the

TABLE 1. Demographics and history of surgical patients w

Variable
Overall

(n � 526)

n (%) 526 (100.0)
Age (mean � SD), y 59.7 � 13.6
Age �70 y 139 (26.5)
Female sex 158 (30.1)
Referred to IRAD center 375 (72.5)
Marfan syndrome 31 (6.0)
Hypertension 354 (68.9)
Atherosclerosis 138 (26.9)
Known aortic aneurysm 51 (10.0)
Prior aortic dissection 14 (2.7)
Diabetes mellitus 16 (3.2)
Prior cardiac surgery 76 (17.2)

Aortic valve replacement 22 (4.4)
Aortic aneurysm and/or dissection 25 (5.0)
Coronary artery bypass surgery 31 (6.3)
Mitral valve surgery 2 (0.4)

Iatrogenic 28 (5.8)
Bicuspid aortic valve 15 (4.9)

IRAD, International Registry of Acute Aortic Dissection.
ascending aorta was 52 mm, and the aortic arch was 37 mm.
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Surgical Strategy
A standard median sternotomy and total cardiopulmonary
bypass were performed in all patients. The ascending
aorta was replaced in 463 (91.9%) patients, the aortic
root in 135 (31.5%) patients, the partial arch in 110
(23.2%) patients, the complete arch in 59 (12.2%) pa-
tients, and the descending aorta in 18 (3.7 %) patients.
The aortic valve, root, and ascending aorta were replaced
in 66 (13.9%) patients by use of a composite aortic valve
graft. An open procedure with hypothermic circulatory
arrest was used in 91% (455 patients) of patients, with
antegrade cerebral perfusion in 256 (52.2%) patients.
Overall, the aortic valve was replaced in 111 (23.1%)
patients, and simultaneous CABG was necessary in 78
(16.1%) patients; in-hospital reoperation was required in
61 (12.8%) patients (Table 5). The mean interval between
onset of symptoms and surgical intervention was 79.3
hours, with 37.9 hours in nonsurvivors and 93.0 hours in
in-hospital survivors (P � .001). The mean interval be-
tween the onset of symptoms and surgical intervention in
unstable patients (group I) was 62.9 hours versus 105.1
hours in stable patients (group II, P � .05). The median
interval between confirmed diagnosis and surgical inter-
vention was 3.4 hours in the unstable (group I) patients
and 5.0 hours in stable patients (group II, P � .02).
Surgical intervention was noted to be delayed for a
number of reasons, including the need to obtain confir-
matory imaging studies, the need to perform coronary
angiography, a delay until the surgeon or operating room

acute type A aortic dissection
Survived
(n � 394)

Dead
(n � 132) P value

394 (74.9) 132 (25.1) —
58.7 � 13.2 62.5 � 14.2 .005

91 (23.2) 48 (36.4) .003
108 (27.5) 50 (37.9) .02
283 (73.3) 92 (70.2) .49
25 (6.4) 6 (4.8) .51

268 (69.3) 86 (67.7) .75
100 (25.8) 38 (30.2) .34
39 (10.1) 12 (9.7) .90
14 (3.6) 0 (0.0) .03
13 (3.4) 3 (2.4) .77
53 (15.9) 23 (21.1) .21
13 (3.5) 9 (7.4) .07
18 (4.8) 7 (5.8) .66
21 (5.6) 10 (8.1) .32
2 (0.5) 0 (0.0) �.99

19 (5.2) 9 (7.8) .30
12 (5.2) 3 (3.9) �.99
ith
became available, or resolution of a comorbid medical
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condition. Delay (�24 hours) was noted in 111 (21.4%)
patients, of whom 92 survived.

Hospital Outcomes
The overall in-hospital mortality was 25.1%. In group I
mortality was 31.4% compared with 16.7% in group II (P
� .001). Mortality in patients with surgical treatment
delayed beyond 24 hours was 17.1%. Causes of death

TABLE 2. Presenting symptoms and signs of surgical patie

Variable

Any pain reported
Abrupt onset
Chest pain
Abdominal pain
Severity of pain: severe or worst ever
Migrating pain
Syncope
Any pulse deficit
Congestive heart failure
New neurologic deficit
ECG normal with no abnormalities noted
ECG with findings of left ventricular hypertrophy
ECG with findings of myocardial ischemia
ECG with findings of myocardial infarction, new Q waves,

or ST deviation
Preoperative myocardial ischemia
Preoperative myocardial infarction
Mesenteric ischemia-infarction
Limb ischemia
Acute renal failure
Cardiac tamponade

ECG, Electrocardiogram.

TABLE 3. Preoperative hemodynamic status of surgical pa

Variable

Blood pressure at presentation
Hypertension (SBP �150 mm Hg)
Normotension (SBP 100-149 mm Hg)
Hypotension (SBP �100 mm Hg)
Shock or tamponade (SBP �80 mm Hg)

Blood pressure after hospitalization
In-hospital preoperative hypotension (SBP �100 mm Hg)
Hypotension from onset to the time of the operation

Hemodynamics at the time of the operation
Hypotension-shock at the time of the operation
Normotension at the time of the operation
LV dysfunction at the time of the operation
RV dysfunction at the time of the operation

SBP, Systolic blood pressure; LV, left ventricular; RV, right ventricular.
were neurologic (13.8%), visceral ischemia (12.1%), aor-
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tic rupture (32.8%), tamponade (3.4%), and nonspecified
(41.9%). Univariate predictors of death after surgical
intervention (P � .05) were age of 70 years or greater;
female sex; prior aortic dissection; presentation with
severe or worst ever pain; migrating pain; a widened
mediastinum on chest radiography; hypotension (systolic
blood pressure �100 mm Hg) or shock (systolic blood
pressure �80 mm Hg) before the operation; myocardial

with acute type A aortic dissection
verall
� 526)

Survived
(n � 394)

Dead
(n � 132) P value

0 (89.4) 354 (89.8) 116 (87.9) .53
6 (85.5) 322 (85.4) 104 (86.0) .88
6 (81.6) 316 (82.7) 100 (78.1) .25
0 (22.0) 82 (21.9) 28 (22.2) .94
8 (91.3) 278 (89.4) 100 (97.1) .02
9 (14.2) 44 (12.1) 25 (20.5) .02
8 (19.4) 69 (18.2) 29 (23.2) .22
9 (31.0) 90 (26.9) 49 (43.0) .001
7 (5.4) 25 (6.7) 2 (1.6) .03
8 (13.6) 45 (11.8) 23 (19.5) .03
3 (31.0) 127 (33.9) 26 (22.0) .02
1 (21.6) 79 (22.2) 22 (19.8) .60
4 (19.9) 64 (17.8) 30 (26.8) .04
8 (6.0) 16 (4.5) 12 (10.9) .01

2 (10.4) 35 (9.3) 17 (13.9) .14
8 (3.6) 10 (2.7) 8 (6.6) .06
0 (2.0) 8 (2.1) 2 (1.6) �.99
8 (9.7) 29 (7.8) 19 (15.8) .009
2 (4.4) 16 (4.3) 6 (5.0) .75
8 (15.7) 44 (11.8) 34 (27.6) �.0001

ts with acute type A aortic dissection
Overall
n � 526)

Survived
(n � 394)

Dead
(n � 132) P value

60 (32.4) 128 (34.2) 32 (26.7) .12
13 (42.9) 176 (46.9) 37 (30.6) .002
88 (17.6) 50 (13.3) 38 (30.4) �.0001
82 (16.1) 47 (12.3) 35 (27.6) �.0001

23 (24.7) 73 (19.5) 50 (40.7) �.0001
13 (40.6) 123 (31.3) 90 (68.2) �.0001

53 (31.0) 79 (21.4) 74 (59.2) �.001
62 (53.9) 219 (60.5) 43 (34.7) �.001
63 (13.0) 34 (9.3) 29 (24.2) �.001
31 (6.4) 10 (2.8) 21 (17.5) �.001
nts
O

(n

47
42
41
11
37
6
9

13
2
6

15
10
9
2

5
1
1
4
2
7

tien

(

1
2

1
2

1
2

ischemia, infarction, or both with new Q waves; presence
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of a new neurologic deficit; left ventricular dysfunction,
right ventricular dysfunction, or both at the time of the
operation; any pulse deficit; cardiac tamponade; limb
ischemia; and the necessity to perform CABG. Indepen-
dent predictors of surgical mortality are summarized in
an age- and sex-adjusted model (Table 6). Model con-
struction proceeded by means of stepwise regression,
with consideration for inclusion of historical, presenting,
and preoperative risk factors with univariate P values of
less than .20. Retention of risk factor variables was
determined (with P � .05) by using the likelihood ratio
test. The c-statistic for the final model was 0.72, with a
Hosmer-Lemeshow �2 statistic of 1.13, a degree of free-
dom of 6, and a P value of .98, and deviance was 65.12

TABLE 4. Diagnostic methods and evidences of surgical p

Variable

Transesophageal echocardiography
Computed tomography
Aortography
Magnetic nuclear resonance
No abnormalities observed at chest radiography
Widened mediastinum at chest radiography
Intramural hematoma
Aortic valve regurgitation
Pericardial effusion
Coronary artery involvement
Intimal tear evidenced in ascending aorta
Intimal tear evidenced in aortic arch
Site of origin of dissection evidenced in aortic root
Site of origin of dissection evidenced in ascending aorta
Site of origin of dissection evidenced in aortic arch

TABLE 5. Surgical procedures for patients with acute type

Variable (

Ascending aorta replacement 4
Aortic root replacement 1
Right hemiarch replacement 1
Total arch replacement
Open procedure 4
Cerebral perfusion 2
Aortic valve replacement 1
Aortic valve, root, and ascending aorta replacement
CABG

No. grafts 1 vessel
No. grafts 2 vessel
No. grafts 3 vessel
No. grafts �4 vessel

Reoperation

CABG, Coronary artery bypass grafting.
with a degree of freedom of 59 and a P value of .27.
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The mean interval from surgical intervention to death
was 364 hours (eg, 327 hours in group I and 522 hours in
group II; P � .21). Among nonsurvivors, death occurred in
13% within 6 hours, in 34% within 24 hours, and in 41%
within 48 hours after the beginning of the operation.

Discussion
Results of operations for acute type A aortic dissection
remain suboptimal and corroborate the reported in-hospital
mortality rate of 15% to 30%.10,16-20 Several authors have
also described single-center series with markedly lower
mortality, even as low as 6.3%.21 In IRAD an overall
surgical mortality of 25.1% was found, despite expert sur-

nts with acute type A aortic dissection
verall
� 526)

Survived
(n � 394)

Dead
(n � 132) P value

7 (79.3) 313 (79.4) 104 (78.8) .87
8 (68.1) 274 (69.5) 84 (63.6) .21
0 (19.0) 83 (21.1) 17 (12.9) .04
5 (4.8) 22 (5.6) 3 (2.3) .12
5 (14.3) 55 (16.0) 10 (8.9) .06
9 (61.5) 199 (58.2) 80 (71.4) .01
8 (5.4) 19 (4.9) 9 (6.9) .37
0 (62.6) 227 (63.2) 73 (60.8) .64
8 (46.3) 170 (45.7) 58 (48.3) .62
7 (14.2) 44 (14.3) 13 (13.8) .90
6 (41.6) 145 (43.2) 41 (36.9) .25
6 (5.8) 18 (5.4) 8 (7.2) .47
3 (39.0) 137 (36.8) 56 (45.5) .09
1 (54.7) 214 (57.5) 57 (46.3) .03
9 (3.8) 12 (3.2) 7 (5.7) .28

ortic dissection
ll
26)

Survived
(n � 394)

Dead
(n � 132) P value

1.9) 357 (93.0) 106 (88.3) .11
1.5) 102 (31.2) 33 (32.7) .78
3.2) 87 (24.0) 23 (20.5) .45
2.2) 45 (12.1) 14 (12.6) .88
1.0) 343 (90.5) 112 (92.6) .49
2.2) 193 (52.2) 63 (52.5) .95
3.1) 82 (22.3) 29 (25.4) .49
3.9) 45 (12.5) 21 (18.3) .12
6.1) 50 (13.6) 28 (24.1) .007
7.7) 29 (58.0) 16 (57.1) .94
9.2) 11 (22.0) 4 (14.3) .41
4.1) 4 (8.0) 7 (25.0) .05
.0) 6 (12.0) 1 (3.6) .41
2.8) 47 (12.9) 14 (12.3) .85
atie
O

(n

41
35
10

2
6

27
2

30
22
5

18
2

19
27
A a
Overa
n � 5

63 (9
35 (3
10 (2
59 (1
55 (9
56 (5
11 (2
66 (1
78 (1
45 (5
15 (1
11 (1
7 (9

61 (1
gical treatment at tertiary care centers for aortic disease.
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The IRAD includes surgical results of 18 aortic centers
present in 8 different countries, and it is an initial experience
in creating such types of registries. The difficulties to
project a prospective randomized study associated with the
different policies regarding these emergencies in the vary-
ing participating centers clearly determines some bias in
terms of surgical results. The registry included patients who
were medically treated and not operated on for different
reasons, such as advanced age and severe comorbid illness,
which might not be identical throughout all of the centers.
Potentially 121 (18.7%) patients deselected for surgical
intervention are enough to influence the overall results, but
in IRAD centers the percentage of unstable patients submit-
ted to surgical intervention was higher than the percentage
of stable patients undergoing operations (53.5% vs 46.5%),
evidencing that not only the lower-risk patients were sub-
jected to operations.

Medical treatment has been previously analyzed in the
IRAD,22 particularly in elderly patients. In this group the
in-hospital surgical mortality rate was 45.5% among pa-
tients age 80 to 84 years, and it was 50% for patients’ 85
years of age or older. These data, although they should not
represent per se a criterion to exclude patients from under-
going surgical treatment, help physicians in choosing ethi-
cal medical treatment in these cases.

The outcome of IRAD patients with type A aortic dis-
section is the result of operations performed by many sur-
geons of different ages with varying experience, preferences
with regard to operative techniques, variable policies con-
cerning the timing of the operation, and differences in health
organizations and hospital structures. Similarly, a mortality
of 30% for acute type A dissection was reported in a
16-center trial in which 180 surgeons were involved.23

The nonhomogeneous approach to patients affected by
proximal acute aortic dissection explains the difficulties of
gathering complete information from 18 international cen-
ters. Even if it is possible to analyze 290 clinical variables
and their relationship to surgical outcomes, the IRAD has
obvious shortcomings in technical surgical data and cannot
provide many details, such as site of arterial cannulation,

TABLE 6. Independent preoperative predictors of operativ

Variables at presentation
Overall type

A %
P

History of aortic valve replacement 4.4
Migrating chest pain 14.2
Presenting hypotension as sign of AAD 17.6
Presenting shock or tamponade 24.7
Preoperative cardiac tamponade 15.7
Preoperative limb ischemia 9.7

CI, Confidence interval; AAD, acute type A aortic dissection.
reperfusion after open distal anastomosis, and adjuncts used

The Journal of Thoraci
to reinforce the sutures and possibly obliterate the false
channel. Those are of major importance as key factors for
good results, as reported by single principal institutions
showing a lower mortality rate.21,24

IRAD surgical results could be influenced not only by
the variability mentioned above but also by the fact that, as
already observed, moribund patients admitted at night or on
weekends, patients in shock, or patients in extreme condi-
tions are likely to be more frequently operated on by
younger surgeons.20

In association with technical problems, the operative
result is also known to be largely related to the preoperative
condition. Preoperative conditions are often the primary
cause of postsurgical death1,7,8,25 that might even be pre-
dicted from presurgical assessment of individual risk con-
ditions.26 Differentiation between stable and unstable pa-
tients from the IRAD registry demonstrated a significantly
higher surgical mortality in unstable than in stable patients
(group I: 31.4% vs group II: 16.7%, P � .001), regardless
of the type of surgical procedure.

It has commonly been accepted that the interval between
onset of symptoms and surgical treatment is closely tied to
outcome. The mean time interval from onset of symptoms to
surgical intervention for all IRAD patients operated on
showed an average of 93 hours for survivors and 37.9 hours
for those who died (P � .001). Not surprisingly, this time
period was shorter in unstable patients (group I) than in
stable patients (group II; 62.9 vs 105.1 hours, P � .05).
Accordingly, the median time interval between confirmed
diagnosis and surgical intervention was shorter in group I
(unstable patients; 3.4 vs 5.0 hours, P � .02). A difference
from the onset of symptoms to confirmed diagnosis and then
to surgical intervention could be associated with a delay in
diagnosis or the initiation of medical therapy or, more
likely, could be related to comorbid conditions, such as
myocardial disorders. In fact, when comparing patients
within group I undergoing early aortic repair (�24 hours
from symptom onset, group Ia) with those having late
operations (�24 hours, group Ib), we observed a higher
presence of cardiac complications in group Ib, such as

rtality
t among
ivors

Percent among
deaths

Model P
value

Mortality, odds
ratio (95% CI)

3.5 7.4 .02 3.12 (1.16-8.40)
2.1 20.5 .001 2.77 (1.49-5.15)
3.3 30.4 .02 1.95 (1.08-3.52)
9.5 40.7 .002 2.69 (1.41-5.11)
1.8 27.6 .01 2.22 (1.17-4.22)
7.8 15.8 .04 2.10 (1.00-4.38)
e mo
ercen

surv

1
1
1
1

myocardial infarction (11.2% vs 3%, P � .02) and ECG
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evidence of new Q waves and ST elevations (15.3% vs 8%,
P � .12). Conversely, unstable patients submitted to surgi-
cal intervention within 24 hours (group Ia) presented with
more severe preoperative conditions than group Ib, such as
pulse deficit (39.8% vs 28.2%, P � .10), shock (31.3% vs
19.8%, P � .07), preoperative cardiac tamponade (41.2% vs
26.1%, P � .03), and more coma and altered consciousness
(34.0% vs 14.6%, P � .002). The comparison of log rank
scores for groups Ia and Ib was not significant (P � .13),
whereas the comparison for groups Ia and IIa and groups Ia
and IIb was statistically positive (P � .06 and P � .02,
respectively), showing a trend in higher mortality for group
Ia versus the other 3 risk groups Ib, IIa, and IIb (Figure 1).
The presence of major risk factors of mortality will affect
outcomes negatively, but this remains, of course, a clear
indication for surgical intervention and requires the efforts
of undelayed surgical intervention. We also observed a
shorter interval time between the onset of symptoms and
surgical intervention (�12 hours) in IRAD patients present-
ing with one or more preoperative independent risk factors
of mortality (migrating pain, hypotension, shock, or tam-
ponade at admission or history of aortic valve replacement;
P � .05). Moreover, higher significant death rates of group
I versus group II were evidenced only within 24 hours from
symptoms to surgery (Figure 2). In summary, death differ-
entials for unstable (vs stable) patients in shorter time in-
tervals appear to be caused by defining criteria for clinical
instability. The IRAD also reported that normotension at the
time of the operation seems to protect from adverse out-
comes (P � .001), as does delay to surgical intervention
beyond the day of presentation (P � .05). The mortality in
patients with surgical treatment delayed beyond 24 hours
was much similar to that observed in stable patients (17.1%
vs 16.7%), and concomitantly, a preoperative cardiac cath-
eterization, which was performed in 19% of cases, was

Figure 1. Survival curves for surgical acute type A di
associated with positive outcome (P � .04). It would appear
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that delaying surgical intervention for any reason improves
surgical results. This could be a bias related to the natural
selection of the disease but supports the theory that during
the management of stabilized patients it can be correct and
useful to transfer the patient to a specialist center or avoid
operating on him or her during the night or without enough
surgical experience. By the way, according to preoperative
clinical status, IRAD data show that early surgical interven-
tion is attempted in unstable patients and is associated with
a high mortality. The evaluation of the hemodynamic status
at the time of the operation reveals a relationship between
unstable conditions and a perioperative death rate. Patients
with severe hypotension both at admission and surgical
intervention have the worst prognosis, with a mortality of
42.3% (P � .0001).

IRAD data also show that imaging variables are useful in
predicting surgical outcomes. A widened mediastinum on
chest radiography correlates with higher surgical death (P �
.01), and ECG signs of preoperative myocardial ischemiaes
(P � .04) or new infarction (P � .01) heralded poor
prognosis. This could be related to pre-existing atheroscle-
rosis, extension of the aortic dissection into a coronary
artery ostium, or both, which are seen in 14.2% of patients,
or to dynamic flap occlusion at the level of the coronary
sinuses, covering the coronary ostia in diastole. Not surpris-
ingly, preoperative left ventricular dysfunction, right ven-
tricular dysfunction, or both are strongly associated with
high mortality (both types, P � .001).

Prior elective cardiac surgery was previously considered
a suspected risk factor of dissection19,20 and was observed
in 17.2% of IRAD patients. In particular, a history of prior
aortic valve replacement was an independent preoperative
predictor of operative mortality. In such patients the high
mortality is related to specific difficulties of redo operations
with total replacement of the sinotubular junction. Creation

tion by stability and hours from symptoms to surgery.
of a coronary button for coronary reimplantation can be
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difficult because of the lack of tissue after aortic valve
prosthesis removal and the presence of calcifications and
scar tissue. Although the primary surgical choice seems to
be the Bentall-DeBono approach,27 sometimes the Cabrol
technique28 or bridging bypasses are required. The need to
perform coronary revascularization is associated with even
higher mortality (P � .007). Surgical maneuvers around
aortic valve prostheses can also damage the conducting
system with the risk of atrioventricular block. Reoperation
implies both longer pump and ischemic times. Conversely,
in patients with previous cardiac operations, cardiac tam-
ponade and hemodynamic collapse might occur less fre-
quently, probably because of the pericardial adhesions.29,30

In patients with relative hemodynamic stability and prior
cardiac operations, preoperative angiography might only be
appropriate with known coronary artery disease or bypass
grafts.

As univariate analysis showed, any pulse deficit and
presence of limb ischemia were predictors of increased
mortality in all patients (P � .001 and P � .009, respec-
tively) and in unstable patients (P � .003 and P � .03,
respectively), indicating that ischemic metabolic alterations
expose patients to a higher risk of postoperative complica-
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Study Limitations
There is inherent study bias because of the study design of
an observational study based mainly on data of tertiary
referral centers that might not necessarily be applicable to
the total population. Because IRAD is a collection of several
participating institutions, the results should not be general-
ized to all patients submitted to surgical intervention in a
single principal institution. In-hospital death was the out-
come parameter that was assessed in this registry analysis.
Although assessment of mortality is necessary and impor-
tant to patients, it is not sufficient for full evaluation of
patients with type A aortic dissection. One should also take
into consideration factors such as surgical technical details,
nonfatal adverse events, patient functional status, and re-
source use. Further studies are needed to address the best
surgical approach for evaluating the predictors of long-term
survival.

Conclusions
Even today, in the centers participating in the IRAD, prox-
imal aortic dissection is associated with a 25% early mor-
tality. Although careful preoperative evaluation of patients
with dissection permits assessment of risk and strategic
planning for surgical intervention, the perioperative mortal-
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vation might reflect both logistic problems and the inade-
quacy of the surgical approach and the result of attempted
surgical intervention on patients in extreme conditions. Al-
though the time interval between the onset of symptoms and
surgical intervention remains a major factor to improve
surgical results, IRAD data highlight the notion that a stable
clinical status in acute proximal dissection heralds a positive
surgical outcome. The IRAD registry provides information
regarding baseline preoperative factors that predict in-
creased risk of operative death in patients with acute type A
aortic dissection. Although ethical issues are important to
consider in patients with high predicted surgical mortality,
knowledge and use of these risk factors might help surgeons
to justify individual decisions.
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Discussion
Dr Joseph E. Bavaria (Philadelphia, Pa). Dr Trimarchi presents
this relatively current report from the International Registry of
Acute Dissections, known as IRAD, which analyzes 647 patients
with type A dissections. Five hundred twenty-six of these 647
patients had surgical repair of acute type A dissection from 1996
through 2001 at 18 centers worldwide, and these patients form the
basis of this report. This is a registry experience and is observa-
tional. There is no prospective randomized attempt to compare
outcomes on the basis of a change in therapeutics.

The study analyzed 290 clinical variables and related them to
outcomes in the 526 surgically treated patients. They defined an
unstable group and a stable group fundamentally based on hemo-
dynamics, the presence of malperfusion syndromes, and neuro-
logic presentation. Overall, surgical mortality was 25.1%, 31.4%
in the unstable population and 16.7% in the stable population. Not
surprisingly, they identified malperfusion, tamponade, and stroke,
with high odds ratios for perioperative mortality rate. Interestingly,
they identified prior aortic valve replacement as a serious risk
factor but not prior CABG, which might relate to preoperative
treatment with warfarin.

So what does this study tell us? Well, it obviously tells us that
acute type A dissection is a very serious vascular presentation with
a worldwide surgical mortality of more than 25%. This corrobo-
rates the public US Food and Drug Administration submission by
CryoLife (Marietta, Ga) of their prospective randomized trial in
the United States of acute type A dissection, with 174 patients at
20 sites and 56 operating surgeons. The mortality rate of that study
was 21% when presented to the US Food and Drug Administra-
tion. It could be argued that this was a stable group in the sense that
informed consent had to be obtained from all participants. Dr
Trimarchi does not tell us how we can necessarily improve on the
overall survival of acute dissection.

In 2002, Dr Jean Bachet asked the following question: Can we
dramatically reduce surgical mortality? We might be able to im-
prove results a bit with continually advanced surgical techniques,
and recent data suggest we can decrease late reoperations with
better technical procedures the first time around. However, Dr
Trimarchi’s report suggests that we really need to develop more
rapid disease recognition, more rapid confirmatory diagnosis, and
more rapid transfer. Most importantly, this study might be able to
help us understand who not to operate on by defining subsets of
patients who have extraordinarily high perioperative mortality
rates. Therefore I have 3 questions for Dr Trimarchi.

First, in your study no single independent risk factor would
suggest that surgical intervention is either futile or inappropriate.
Can you tell us of any combination—I repeat, combination—of
risk factors that would result in an odds ratio that would prohibit
surgical intervention?

Dr Trimarchi. Thank you for your question, Dr Bavaria.
About this issue, up to now we did not analyze the combination of
the different risk factors.

Dr Bavaria. That is interesting. That is what we really need to
be able to say as to whether we should treat very sick patients with
multiple combinations medically or not operate.

Second, should we ever delay surgical intervention?
Dr Trimarchi. This is a very important question. In this study
we observed that all patients who had a delay in surgical interven-
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tion of more than 24 hours showed surgical results similar to those
patients categorized as stable (17.9% vs 16.7%). In a perverse way
we can say that if we delay surgical intervention, we have a better
result. Concerning this topic, we conclude that it is related to the
natural selection of the disease.

Dr Bavaria. Finally, is there an age, say, 80 or 85 years, at
which the outcomes of medical treatment of type A dissection
converge with surgical repair?

Thank you very much. This is an excellent article by the IRAD
group.

Dr Trimarchi. We already had the opportunity to evaluate
patients with advanced age. We had an article that was published
in Circulation by Dr Mehta and coauthors that showed that the
in-hospital surgical mortality rate among patients aged 80 to 84
years was 45.5%, and for patients with age greater than 85 years,
it was 50%. After these indications, we could treat medically all
stable patients older than 80 years.

Dr G. Hossein Almassi (Milwaukee, Wis). In your presentation
it appeared that the need for coronary bypass is a risk factor.

The question is, are these patients having dissection of their
coronary arteries in the setting of an acute myocardial infarction
coming to you with dissection, or are these the patients who have
native coronary disease to begin with, in which case you are
obligated or you might decide to do a couple of extra coronary
artery bypasses? I think that makes a difference.

Dr Trimarchi. In these patients we do not know whether
CABG was performed for the presence of native coronary athero-
sclerotic lesions or because of involvement of the coronary arteries
in the aortic dissection. Therefore we do not have the right variable
regarding the indication to perform a coronary revascularization,
and this is a limitation of the registry, even if the necessity of
performing a CABG during surgical treatment of acute type A
aortic dissection appeared as the unique surgical risk factor.

Dr Steven L. Lansman (New York, NY). I would be curious to
know whether you have any data about the size of the ascending
aorta or descending aorta at the time of dissection? Also, because
previous aortic valve replacement was the most important preop-
erative risk factor in the multivariate analysis, do you have any
information about what size the aorta was at the time of aortic
valve replacement and perhaps the incidence of bicuspid aortic
valve at that time?

Dr Trimarchi. Thank you, Dr Lansman. We observed that the
mean diameter of the aortic annulus was 30 mm, the mean aortic
root in all operated patients was 44 mm, the sinotubular junction
was 41 mm, the mean ascending aorta was 52 mm, and the mean
aortic arch of these patients was 37 mm.

About the bicuspid valve, the incidence of this disease and this
pathology in this registry was 4.9% of cases, and it was not
significant in terms of surgical results.

Dr R. Scott Mitchell (Stanford, Calif). Dr Trimarchi, that was
a nice presentation. I am not that familiar, but do you include
cannulation data in your database to see whether differences in
surgical practice—cannulation of axillary arteries versus femoral
versus whatever—make a difference?

Dr Trimarchi. Up to now, we do not have these data in this
data form. Therefore we are planning to start with a new surgical
data form in which we will also include the cannula arterial way

perfusion.
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Dr Marc Ruel (Ottawa, Ontario, Canada). I enjoyed your
presentation. You showed an inverse relationship between time to
operation and survival, which I think most people in the audience
would agree is largely due to selection bias.

One question I had that I think is of interest concerns stable
patients. What about the dissection about which you get called at
2 AM? Did you look at the relationship between time taken to
operate and survival in stable patients?

Dr Trimarchi. Thank you for the question. This is a debated
issue that I think is related with the experience of the surgeon on
call. All patients that are enrolled, for example, in our institution
immediately go to the operating room for surgical intervention. In

the IRAD study different surgical results between stable and
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unstable patients have been shown only within 24 hours from the
onset of symptoms, whereas no differential in death rates has been
demonstrated after 24 hours. Therefore what we can say is that the
natural history of the disease might be similar in the 2 groups,
stable or not stable, after 1 day.

Dr Tirone E. David (Toronto, Ontario, Canada). Dr Tri-
marchi, you reported 526 patients operated on in 18 institu-
tions. Was the mortality related to the number of cases per
institution?

Dr Trimarchi. Dr David, we do not have the mortality for each
institution. We can say that just in our institution, at the Istituto
Policlinico San Donato, it is 16.8%, irrespective of the preopera-

tive clinical conditions.
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