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Background: To predict risk after elective repair of ascending aorta and aortic arch
aneurysms, we studied 464 consecutive patients.

Methods: Adverse outcome (stroke or hospital death) was analyzed in 372 patients
who underwent proximal repair and 92 patients who underwent aortic arch replace-
ment from 1986 to the present. Preoperative risk factors with a P value less than .2
in a univariate analysis were entered into a multivariate model, and an equation
incorporating independent risk factors was derived separately for proximal aorta and
arch surgery.

Results: Age more than 65 years (P � .04), diabetes (P � .02), cause (P � .01), and
prolonged total cerebral protection time (duration of hypothermic circulatory arrest
and selective cerebral perfusion, P � .001) were significant univariate risk factors
for elective proximal aortic repair. Diabetes (P � .005, odds ratio 5.1), atheroscle-
rosis (P � .003, odds ratio 4.0), and dissection (P � .048, odds ratio 2.5) were
independent factors. For elective arch surgery, female sex (P � .07), age more than
65 years (P � .04), coronary artery disease (P � .02), diabetes (P � .06), cause (P
� .07), and prolonged total cerebral protection time (P � .025) were univariate risk
factors. Female sex (P � .05, odds ratio 4.7), coronary artery disease (P � .02, odds
ratio 6.5), diabetes (P � .13, odds ratio 4.0), and total cerebral protection time (P
� .03, odds ratio 1.02/min) were independent factors. To calculate risk of adverse
outcome (P), enter 1 if factor is present, 0 if absent, and estimate total cerebral
protection time (in minutes).

Pproximal aorta � {1 � exp [3.06 � 1.62 (diabetes) � 1.37 (atherosclerosis)

� 0.91 (dissection)]}�1

Paortic arch� {1 � exp [4.93 � 1.55 (female) � 1.87 (coronary artery disease)

� 1.38 (diabetes) � 0.024 (total cerebral protection time)]}�1

Conclusion: In this large series of patients, the presence of diabetes and manifes-
tations of atherosclerosis emerge as extremely important risk factors for adverse
outcome after ascending aorta or arch surgery, displacing age. Multivariate equa-
tions derived from these data allow more precise calculation of risk for each
individual contemplating elective surgery.
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S
udden rupture or dissection of the thoracic
aorta is often a fatal complication of aortic
aneurysms in the ascending aorta and aortic
arch. Those patients who survive long enough
to undergo emergency surgery experience a
higher morbidity and mortality than patients

who have elective operations. But even elective surgery,
especially if the patients are elderly or the lesion involves
the aortic arch, carries with it a considerable risk of adverse
outcome (AO): death or permanent neurologic disability.
Accordingly, to make the best decision regarding the timing
of elective surgery or the appropriateness of considering
conservative strategies, one should be able to estimate not
only the risk of rupture for each patient but also the risk of
AO after elective surgery.

At present, the decision to perform elective surgery on
the ascending aorta and arch is determined principally by
the aortic diameter. In a natural history study, Coady and
coworkers1 showed that a diameter in the ascending aorta of
more than 6 cm increases the probability of rupture by 30%.
An ascending aortic diameter of 6 cm has therefore become
widely accepted as an indication for ascending aorta replace-
ment, although favorable results of elective surgery have
tended to decrease the threshold to 5 or 5.5 cm in some
institutions and in some subsets of patients. In addition to
aneurysm diameter, several other factors (eg, the existence of
Marfan syndrome) are considered to increase risk of rupture
and therefore predispose patients to early elective surgery.

The current study more accurately estimates the risk of
AO (defined as in-hospital death or permanent stroke) associ-
ated with elective surgery of the ascending aorta and the aortic
arch. On the basis of the results of elective surgery in a
consecutive series of patients, equations to predict the likeli-
hood of AO were derived from 2 separate multivariate risk
analyses, depending on the site of surgery. By use of these
equations, we can now provide a better estimate of risk for an
individual patient undergoing elective repair of the proximal
ascending aorta with an open distal anastomosis or elective
combined repair of the ascending aorta and the aortic arch.

Patients and Methods
Patient Characteristics
All 464 patients who underwent elective thoracic aortic operations
with hypothermic circulatory arrest (HCA) through a median ster-
notomy at Mount Sinai Hospital from July 1986 to December 1999
were reviewed. The median age was 64 years (8-88 years), and 312
patients (67%) were male. A total of 112 patients (24%) had
undergone previous cardiac or aortic operations. The underlying
aortic pathology was chronic dissection in 121 patients (26%) and
atherosclerosis in 103 patients (22%); patients were classified as
having an atherosclerotic aneurysm on the basis of calcification on
computed tomographic scan or evidence of atherosclerotic disease
in other vessels. A total of 149 patients (32%) were classified with
degenerative aneurysms (featuring cystic medial necrosis), 56 pa-

tients (12%) with annuloaortic ectasia, and 21 patients (4.5%) with
the features of Marfan’s syndrome. A history of hypertension was
the most common general preoperative risk factor (50%), followed
by a history of smoking (45%) and diabetes mellitus (5.6%).
Approximately 10% of the patients had a neurologic history of
carotid artery disease, transient ischemic attack, prolonged revers-
ible ischemic deficit, or frank stroke.

Adverse Outcome and Neurologic Evaluation
AO was defined as in-hospital death or permanent stroke. As in
previous studies, patients were considered to have had strokes if
they experienced the onset of clinical focal deficits postoperatively
or had a focal lesion confirmed by computed tomography scan or
magnetic resonance imaging. Patients with neurologic signs or
symptoms that resolved before discharge were classified as having
had transient strokes, distinguishing them from those with persist-
ing deficits.

Operative Technique
All operations were performed through a median sternotomy. A
Bentall procedure was the most common operation for proximal
aortic repair. For total arch replacement, the Mount Sinai “Y-arch”
technique was frequently used.2 Basic intraoperative data concern-
ing the surgical technique and extent of operation are shown in
Table 1.

Cardiopulmonary bypass and HCA were performed as previ-
ously described.3 The technique is based on alpha-stat blood gas
management, thorough cooling to achieve an esophageal temper-
ature of 10°C to 13°C, jugular bulb saturation monitoring,4 and
topical cooling of the head. Methylprednisolone was used before
the onset of HCA, and additional doses were given if HCA
duration exceeded 30 minutes.

To minimize neurologic complications, several cerebral protec-
tion techniques were used. Selection of the perfusion method was

TABLE 1. Characteristics of proximal and total arch oper-
ations

Proximal repair
(n � 372)

Total arch
(n � 92)

Aortic valve replacement
None 115 (30.9%) 69 (75%)
Biologic 81 (21.8%) 7 (7.6%)
Mechanical 176 (47.3%) 16 (17.4%)

Bentall procedure
Button 247 (66.4%) 17 (18.5%)
Cabrol 8 (2.2%) 1 (1.2%)
Classic 7 (1.9%) 3 (3.3%)

Concomitant procedures
None 278 (74.7%) 74 (80.4%)
CABG 77 (20.7%) 17 (18.5%)
Others 17 (4.6%) 2 (2.2%)

Crossclamp time 141 � 46 140 � 54
Cardiopulmonary bypass time 218 � 61 230 � 62
TCPT 25 � 9 62 � 27
Minimal esophageal temperature 13 � 3 12 � 2

TCPT, Total cerebral protection time, as defined in the text; CABG, coro-
nary artery bypass grafting.
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made by the surgeons. The majority of patients (89%) were treated
with HCA alone. HCA was combined with retrograde cerebral
perfusion (RCP) in 20 patients. Selective antegrade cerebral per-
fusion (ACP) was used in 26 patients, exclusively in the total arch
replacement group. A combination of selective cerebral perfusion
and RCP was used in 7 patients with aortic arch operations. The
surgical technique for these cerebral perfusion alternatives has
been described in detail.2 Because patients in the study underwent
operations during a period of 13 years, there were several changes
in the cerebral perfusion regimen over time. RCP was used for a
few years in patients with a high risk of embolization as the result
of atheroma, but it was not used during the last 2 years of the study
and was shown to be without benefit in experimental5 and clinical
studies.2 In contrast, selective antegrade perfusion, frequently in
combination with right axillary or left subclavian cannulation, was
more frequently used during the last 2 years of the study, partic-
ularly when more extensive operations were anticipated.

The term total cerebral protection time (TCPT) is invoked, as in
previous studies,2 to compare cerebral protection using different
techniques. TCPT is defined as the time needed to perform any
technical maneuvers that require interruption of normal antegrade
perfusion. In the HCA group, TCPT corresponds to the interval of
circulatory arrest; in the RCP group, TCPT is equal to the total
length of HCA including any intervals of RCP; and in the ACP
group, it is the sum of the duration of HCA and of selective ACP.

Statistical Methods
The data were entered in Excel (Microsoft Corp, Redmond, Wash)
spreadsheets and converted to a SAS data set (SAS Institute, Inc,
Cary, NC) for statistical analysis. Separate analyses were per-
formed for each procedure. Important individual factors associated
with AOs were identified by chi-square tests. Bivariate analyses
were conducted to look for the potential influence of associations
among risk factors. Multivariate logistic regression models were
developed to identify significant independent factors. Selected
factors were reintroduced into the models produced by the step-
wise procedure to check that they did not add significant indepen-
dent information. The final models were converted to probability
estimates through the equation Pr (AO) � {1 � exp � (A �
B'X)}�1, where X is a vector of risk factor values, A is the
estimated constant, and B is a vector of estimated coefficients.
Confidence intervals for estimated probabilities were constructed
on the basis of the estimated covariance matrix.

Results
AO, defined as in-hospital death or permanent neurologic
deficit, occurred in 45 of 464 patients (9.7% overall). The
distribution of the events contributing to AO in relation to
the extent of the operation is given in Table 2.

Proximal Repair
Univariate analysis for AO in operations involving the
ascending aorta with an open distal anastomosis revealed a
number of significant preoperative risk factors, as shown in
Table 3: age more than 65 years (P � .04), cause (P � .01),
and diabetes (P � .02). Factors considered that did not
reach a P value of less than .20 in the univariate analysis

include sex, history of smoking, hypertension, reoperation,
and previous neurologic history. The impacts of cause and
diabetes on AO are illustrated in Figures 1 and 2, respec-
tively. The only intraoperative variable significant as a risk
factor for AO was TCPT (P � .001).

In the multivariate analysis, only diabetes (P � .005,
odds ratio [OR] 5.1), atherosclerosis (P � .003, OR 4.0),
and dissection (P � .048, OR 2.5) emerged as independent
risk factors for AO.

Total Arch Replacement
Age more than 65 years (P � .04) and the presence of
coronary artery disease (CAD) (P � .02) were the only
significant preoperative risk factors for AO in the univariate
analysis of aortic arch operations (Table 4), although female
sex (P � .07), atherosclerosis as the underlying cause (P �
.07), and diabetes (P � .06) were of borderline significance.
The impacts of cause and diabetes on AO are seen in
Figures 1 and 2. Other factors considered that did not reach
a P value less than .20 in the univariate analysis include a
history of smoking, hypertension, neurologic history, and
additional coronary artery bypass grafting or other concom-
itant surgical procedure. Of the intraoperative factors, only
TCPT had a significant impact on outcome (P � .025).

In the multivariate analysis of aortic arch operations,
female sex (P � .05, OR 4.7), the presence of CAD (P �
.02, OR 6.5), and TCPT (P � .03, OR 1.02/min) were
independent risk factors for AO. Because we were able to
show that diabetes had a strong impact on outcome after
elective ascending aorta surgery, and because only a few
patients with arch surgery had diabetes, albeit with an AO of
43% (Figure 1), we believed it was appropriate to explore
the impact of diabetes in the multivariate model. With diabetes
included in the model, the same independent risk factors for
AO emerged, with only minor changes in the ORs. Patients
with diabetes are probably at a 4-fold higher risk for AO after
arch surgery than patients without diabetes (P � .13).

Probability of AO
From the foregoing analysis, we can derive the following
equations to predict the risk of AO. To calculate risk of AO
(P), enter 1 if present, 0 if absent, and estimate TCPT (in
minutes).

TABLE 2. Outcome after proximal or total arch replace-
ment

Proximal repair
(n � 372)

Total arch
(n � 92)

Hospital death 27* 8§
Permanent stroke 10 7
Transient stroke 14 1

*Includes 5 deaths after a stroke.
§Includes 2 deaths after a stroke.
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Pproximal aorta � {1 � exp [3.06 � 1.62 (diabetes)

� 1.37 (atherosclerosis) � 0.91 (dissection)]}�1

Paortic arch � {1 � exp [4.93 � 1.55 (female)

� 1.87 (CAD) � 1.38 (diabetes) � 0.024 (TCPT)]}�1

Different possible combinations of risk factors for elective
proximal aortic surgery are shown in Table 5, with the
probability for AO and the confidence intervals. A similar
guide for estimating the risk of AO after aortic arch surgery
in the presence of the most important independent variables
is shown in Table 6.

Discussion
The results of surgery for aneurysms of the proximal tho-
racic aorta and aortic arch have generally improved in
recent years. Most overall analyses result in the not surpris-
ing conclusion that emergency surgery is an overwhelming
risk factor for death and other serious sequelae. Because
most patients faced with an emergency operation because of
rupture or dissection of the ascending aorta or arch will
inevitably die without surgery, a careful weighing of other
factors involved in the surgical risk is rarely possible for
patients or physicians faced with this acute predicament. To

make better-informed individualized decisions regarding
the appropriateness of surgery in non-emergency situations,
however, when rational scrutiny of different alternatives is
still possible, examination of the factors that have an impact
on AO exclusively in patients undergoing elective surgery
seems appropriate. This is the rationale for the current
study.

In studies looking at all aneurysm patients, including
those who underwent emergency procedures, the extent of
the operation clearly plays a major role in determining
outcome. This may reflect an adverse impact of suboptimal
cerebral protection during an extensive repair. Prolonged
HCA time has been implicated as an important risk factor
for AO (stroke and death6) and temporary neurologic dys-
function after surgery.7 For this reason, techniques have
been evolving to keep the HCA time as short as possible.8

Some surgeons have relied increasingly on RCP, although
its benefit is at best controversial.3,9,10 Others prefer selec-
tive ACP3,11-13 and use special cannulation techniques,14,15

especially when approaching the aortic arch. To compare
operations using different cerebral protection techniques,
we defined the term TCPT to include the time needed to
accomplish the technical maneuvers requiring interruption
of normal antegrade cardiopulmonary bypass. TCPT

TABLE 3. Preoperative factors predicting adverse outcome in the univariate (P < .2) and multivariate analysis of 372
patients who underwent elective proximal repair

Preoperative factors (n)
Adverse outcome

number (%) Univariate Odds ratio Multivariate

Age P � .04
Age � 65 208 12 (5.8%)
Age � 65 164 20 (12.2%)

Coronary artery disease P � .17
No 294 22 (7.5%)
Yes 78 10 (12.8%)

Cause P � .01
Atherosclerosis 62 10 (16.1%) 4.0 P � .003
Dissection 81 10 (12.3%) 2.6 P � .048
Others 229 12 (5.2%)

Diabetes P � .02 5.1 P � .005
No 353 27 (7.6%)
Yes 19 5 (26.3%)

CABG P � .17
No 293 22 (7.5%)
Yes 79 10 (12.7%)

Mitral valve replacement or other
concomitant procedures

P � .17

No 355 29 (8.2%)
Yes 17 3 (17.7%)

TCPT P � .03
�20 132 9 (6.8%)
20-40 214 16 (7.5%)
�40 26 7 (26.9%)

Factors that did not reach a P value less than 0.2 in the univariate analyses: gender, reoperation, history of smoking, hypertension, neurologic history.
Adverse outcome is defined as death or permanent stroke. For abbreviations see Table 1.
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emerged as a strong risk factor for both stroke2 and tempo-
rary neurologic dysfunction16 in a large cohort including
both elective and emergency operations.

We decided to perform 2 separate analyses to determine
the independent risk factors for AO after elective operations
for the group of patients who underwent elective surgery of
the proximal thoracic aorta and for the group of patients
who underwent more extensive aortic arch operations. From
these analyses, we derived 2 equations in which the pres-
ence of each preoperative risk factor is registered by enter-
ing 1 into the formula on the basis of the patient’s history.

Use of the equation for proximal aortic surgery is quite
straightforward, relying entirely on patient-related factors.
Use of the aortic arch equation requires estimation of the
TCPT, which can quite easily be performed by an experi-
enced surgeon. The contribution of TCPT to the equation is
probably 2-fold: It reflects not only the extent of the oper-
ation but also the impact of the cerebral protection tech-
nique on outcome.

In both separate univariate analyses of patients undergo-
ing elective aortic surgery, advanced age emerged as a risk
factor for AO, which is consistent with our own previous

Figure 1. Impact of cause of aneurysm on adverse outcome (AO) (permanent stroke or hospital death) after elective
surgery on the proximal ascending aorta or the aortic arch. Multivariate analysis revealed that atherosclerosis was
a significant independent risk factor for AO after both operations, but that dissection was only a significant
independent predictor of AO for proximal aortic surgery. The ratio of patients with AO to the number of patients
undergoing operation is indicated for each category.

Figure 2. Impact of presence of diabetes on AO (permanent stroke or hospital death) after elective surgery on the
proximal ascending aorta or the aortic arch. Multivariate analysis revealed that diabetes was a significant
independent risk factor for AO after proximal aortic surgery and was of marginal significance (P � .13) as a
predictor of AO for aortic arch surgery, partly because of the small numbers of patients involved. The ratio of
patients with AO to the number of patients undergoing operation is indicated for each category.
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findings2,7,16 and the findings of others.6 Advanced age is
frequently associated with a higher amount of comorbidity,
including chronic obstructive pulmonary disease, compen-
sated kidney failure, and other serious diseases. Neverthe-
less, it should be noted that elective aortic surgery through
a median sternotomy can be performed with an acceptable
risk even in octogenarians, although the enhanced vulnera-
bility of the brain in elderly patients is reflected by a high
rate of temporary neurologic dysfunction and a high mor-
tality after stroke.17 In the present study, although age was
a significant risk factor in both univariate analyses, it did not
emerge as significant from the multivariate studies. In this
cohort, the effect of age was preempted by using athero-
sclerotic origin of the aneurysm as a risk factor or the

presence of CAD. Specific information about the incidence
of chronic obstructive pulmonary disease, which is also
frequently present in patients with advanced age, was not
available, especially among those undergoing operations
during the earlier years of the study. This was unfortunate,
because Okita and coworkers18 showed that chronic ob-
structive pulmonary disease is an independent risk factor for
AO in patients undergoing aortic arch surgery using HCA.

We were somewhat surprised to find such a strong im-
pact of diabetes on AO, because we did not find diabetes to
be a predictor for stroke, AO, or temporary neurologic
dysfunction in any of our previous studies. Borger and
coworkers19 and Corbineau and associates20 showed that
diabetes has an influence on outcome after extracorporeal
circulation and coronary artery bypass surgery. We specu-
late that diabetes may have its impact as the result of
macrovascular and microvascular changes: It is known that
atherosclerosis is the leading cause of death in diabetic
patients, probably as the result of stroke and myocardial
infarction.21 Our rationale for keeping diabetes in the equa-
tion, although it did not reach statistical significance (P �
.13) in the multivariate regression model for aortic arch
surgery, is based on the high AO among the very few
patients with diabetes in this group (43%) (Figure 2). Given
the finding that diabetes was a strong predictor of AO
among patients with elective proximal repair (26% AO), we

TABLE 4. Preoperative and intraoperative factors for adverse outcome in the univariate (P < .2) and multivariate analysis
of 92 patients who underwent elective aortic arch repair

Preoperative factors (n)
Adverse outcome

number (%) Univariate Odds ratio Multivariate

Gender P � .07 4.7 P � .05
Female 35 8 (22.9%)
Male 57 5 (8.8%)

Age P � .035
Age � 65 40 2 (5.0%)
Age � 65 52 11 (21.2%)

Coronary artery disease P � .02 6.5 P � .02
No 74 7 (9.5%)
Yes 18 6 (33.3%)

Reoperation P � .17
No 68 12 (17.7%)
Yes 24 1 (4.2%)

Cause P � .07
Atherosclerosis 41 9 (22.0%)
Dissection 40 3 (7.5%)
Others 11 1 (9.1%)

Diabetes P � .06 4.0 P � .13
No 85 10 (11.8%)
Yes 7 3 (42.9%)

TCPT P � .03 1.02/min P � .03
� 40 19 1 (5.3%)
40-80 58 7 (12.1%)
�80 15 5 (33.3%)

Factors that did not reach a P value less than .2 in the univariate analyses: history of smoking, hypertension, neurologic history, additional coronary artery
bypass grafting, and any other concomitant procedure. Adverse outcome is defined as death or permanent stroke.

TABLE 5. Predicted risk of adverse outcome after elective
proximal aorta replacement, depending on the presence of
significant independent risk factors: cause and diabetes

Diabetes No diabetes

Atherosclerosis 48% (20, 77) 16% (9, 27)
Dissection 37% (15, 65) 10% (5, 19)
Other cause 19% (7, 42) 4% (2, 8)

Numbers in parenthesis represent 95% confidence limits. Adverse out-
come is defined as death or permanent stroke.
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believed that to disregard diabetes in the aortic arch risk
stratification would be misleading.

In the current study, atherosclerosis was associated with
an AO of 16% for elective proximal aortic repair and 22%
for elective total arch replacement. In patients with CAD
who underwent total arch replacement, the outcome was
especially dismal. The negative impact of an atherosclerotic
aorta on outcome after cardiac surgery is well known.22

Davila-Roman and coworkers23 found that atherosclerosis
of the ascending aorta was an independent predictor of
long-term neurologic sequelae and mortality in 1957 con-
secutive patients aged more than 50 years at the time of
cardiac surgery. The current study provides additional evi-
dence that an atherosclerotic ascending aorta, in addition to
being worrisome as a direct cause of cerebral atheroembo-
lism, may be a marker of generalized atherosclerosis, and
therefore predicts increased postoperative morbidity and
mortality.

The fact that dissection poses an increased risk of AO of
elective surgery in the proximal arch was somewhat unex-
pected and is probably attributable to a combination of
factors. Often, there is considerable thrombus in chronic
dissections, predisposing the patient to embolization. A
significant proportion of the chronic dissections in this
series were reoperations, in which there was a potential of
dislodging neointimal material if cannulation was per-
formed through a previous graft. The data also reveal that
operations for dissection required longer intervals of HCA
than other proximal aorta replacements. We speculate that
this may be the result of the time required to remove
thrombus from the origins of the cerebral vessels and to
explore each vessel to be sure that the graft would perfuse
the true lumen unobstructed. The abandonment of femoral
and even of central cannulation in favor of an approach
through the axillary artery should reduce the future risk of
embolic events. Improvements in cerebral protection, in-
cluding use of selective cerebral perfusion rather than pro-

longed HCA, should enable more extensive resections in
chronic dissections to be performed safely. In this regard, it
is of interest that chronic dissection was not a risk factor for
AO among patients with complete arch replacements.

Another interesting observation to emerge from this
study is that women with a combination of diabetes and
CAD are at an especially high risk for AO after aortic arch
surgery, even when the TCPT does not exceed 40 minutes.
For a man with the same risk factors, an aortic arch oper-
ation can be performed with one third the risk (Table 6).

From a surgical point of view, it seems that the strategies
for cerebral protection used for the short intervals required
for surgery of the proximal aorta are usually effective. But
the longer intervals that must be used in some proximal
aorta operations and in many of those in the aortic arch still
pose a problem and significantly contribute to AO. It is also
clear that several strategies should be implemented to min-
imize the incidence of embolic events, especially in very
high-risk patients. To reduce the possibility of retrograde
embolization from the femoral artery, the right or left axil-
lary artery (both usually free of atheroma) can be cannulated
for cardiopulmonary bypass. Manipulation, crossclamping,
and insertion of cannulas into potentially diseased vessels
should be avoided. Use of separate grafts anastomosed to
individual cerebral vessels cranial to their origin from the
aortic arch, in an area more likely to be free of atheroscle-
rosis, may further reduce the rates of cerebral embolization
during aortic arch surgery in high-risk patients.

Conclusion
Although emergency surgery has an overwhelming negative
impact on mortality and morbidity after operations on the
ascending aorta and aortic arch, other serious risk factors
can be identified that may influence patients and physicians
making decisions about elective surgery. Independent risk
factors contributing significantly to AO in patients under-
going elective surgery include the presence of diabetes and

TABLE 6. Predicted risk of adverse outcome after elective aortic arch replacement, depending on estimated TCPT and
presence or absence of other significant risk factors

No CAD TCPT (min)

Female Male

Diabetes No diabetes Diabetes No diabetes

20 18% (3, 61) 5% (1, 20) 4% (0.5, 31) 1% (0.2, 7)
40 26% (5, 68) 8% (3, 23) 7% (0.9, 38) 2% (0.3, 8)
60 36% (9, 77) 12% (5, 28) 11% (1, 49) 3% (0.7, 12)
80 47% (14, 84) 19% (8, 38) 16% (2, 62) 5% (1, 17)

CAD TCPT (min) Diabetes No diabetes Diabetes No diabetes

20 59% (12, 93) 26% (0.4, 73) 23% (40, 71) 7% (1, 30)
40 70% (21, 95) 36% (9, 78) 33% (6, 78) 11% (3, 35)
60 79% (32, 97) 48% (15, 83) 44% (11, 84) 16% (5, 43)
80 86% (42, 98) 60% (23, 88) 56% (16, 89) 24% (8, 54)

Numbers in parentheses are 95% confidence limits. Adverse outcome is defined as death or permanent stroke. CAD, Coronary artery disease.
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atherosclerosis. For surgery of the proximal aorta, the pres-
ence of dissection is the only other additional independent
risk factor. For arch surgery, the presence of CAD, female
sex, and estimated TCPT are additional factors that contrib-
ute independently to AO. For each type of operation, these
factors can be combined in equations that will result in an
individualized estimate of risk of elective surgery involving
either replacement of the proximal ascending aorta or more
extensive aortic arch repair. Improvements in surgical tech-
nique may reduce the future impact of some of these risk
factors on the outcome of elective surgery, and further
scrutiny of surgical results will likely result in refinements
of these formulations to improve their predictive value and
validate their accuracy. Nevertheless, even given their lim-
itations, equations such as these should allow more in-
formed decisions regarding aneurysm surgery, including the
consideration of conservative approaches for some espe-
cially high-risk patients.
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