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Background: Most patients undergoing elective endovascular aneurysm repair (EVAR) are classified American Society of
Anesthesiologists (ASA) 3. However, the severity of systemic disease among these patients can vary, resulting in markedly
different levels of fitness. In this study, we explored the hypothesis that ASA 3 patients with good self-reported exercise
tolerance have better survival after EVAR.
Methods: Data for EVAR patients classified ASA 3 were extracted retrospectively from a prospectively collected registry
database. Patients were split into two groups according to fitness level, based on their self-reported ability to climb stairs
or to walk briskly for 1 km. Patient survival for each group was assessed by Cox proportional hazards models.
Results: During follow-up of 392 patients for a mean of 1.9 years, there were 64 deaths (16.3%), 13.4% in the more
physically able group and 21.6% in the less able group. Self-reported inability to walk or to climb stairs was associated
with increased risk of all-cause mortality (hazard ratio, 3.55; P < .0001). Following risk adjustment for a number of
possible confounding variables, fitness remained significant (hazard ratio, 3.03; P [ .0011).
Conclusions: This study has shown that among ASA 3 patients, self-reported exercise capacity is an excellent means of
predicting survival. Physicians should consider the physical fitness of their ASA 3 patients when discussing treatment
options. (J Vasc Surg 2015;62:299-303.)

The American Society of Anesthesiologists (ASA) phys-
ical status classification system was developed in the 1940s
by Saklad, with modifications made in 1962 and 1980.1-3

It was specifically developed for descriptive purposes, and
Saklad argued against its use as a prognostic tool for opera-
tive risk.1 However, it has been widely used for this purpose
in the intervening period4,5 despite significant limitations,
such as poor intraobserver reliability, complexity of surgical
procedure, and lack of precision.6,7

Nevertheless, studies have shown that the ASA classifi-
cation system is a useful predictor of postoperative mortal-
ity,4,8,9 especially when surgical risk and subsequent

postoperative mortality rate are low.10 In earlier work,
our group found ASA to be one of the strongest indicators
of 3- and 5-year survival after elective endovascular aneu-
rysm repair (EVAR), and for this reason it was included
in our Endovascular Risk Assessment Model, along with
other predictive variables, such as anatomic features of
the aneurysm, age, and renal status.11-13

Amajor limitation of ASA classificationwhen it is used for
predictingoutcomes afterEVAR is thatmanypatients (>60%)
fallwithin theASA3physical status group (severe systemicdis-
ease), linkedby disparate diagnoses such as diabetes, heart dis-
ease, respiratory disease, and chronic renal failuredall of
which are serious but none immediately life-threatening.Dos-
luoglu et al14described a similar scenario for patientsundergo-
ing peripheral revascularization, noting that this clustering
within ASA 3 makes the system “useless for stratification of
their perioperative risks,” despite the fact that “a significant
proportion of patients assigned to ASA 3 were clearly
higher-risk patients than others in the same category.” In their
study, they assigned ASA 3 patients to one of two groups
based on the patient’s functional capacity to perform meta-
bolic exercise equivalents <4 or $4 (from the Duke Activity
Status Index and the AmericanHeart Association exercise in-
dex).This relatively simple subclassificationproved tobean in-
dependentpredictor of survival for thefittergroupandhence a
more accurate tool for preoperative risk assessment.

Questions about preoperative physical fitness are
included in our current EVAR outcomes study. The pur-
pose of the questions is to finesse our understanding of
the physical fitness of the large cluster of patients classified
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ASA 3. In this paper, we explore the hypothesis that ASA 3
patients with good self-reported exercise tolerance have
better overall survival.

METHODS

Population. Patient data were obtained from the
EVAR outcomes modeling study Prospective Evaluation
of a Model to Predict Outcomes Following Endovascular
Aortic Aneurysm Repair. Patients undergoing elective
EVAR were enrolled and had their procedures between
2009 and 2013 at 32 treatment centers in New South
Wales, Queensland, Victoria, and South Australia. This
study was a retrospective review of a prospectively
maintained database. Inclusion criteria for this study were
as follows: (1) ASA 3 classification and (2) availability of
self-reported fitness data. Ethics approval was obtained
from all treating sites, the administering institution, and the
Australian Institute of Health and Welfare for the use of
national death data. All subjects gave informed consent for
access to their clinical data.

Self-reported fitness. Self-reported fitness was
obtained at the preoperative assessment by the treating sur-
geon. Patients were asked (1) whether they could ascend
two flights of stairs and (2) how far they could walk briskly
($5 km/h). Patients were classified as ASA 3A if they
could manage the stairs or could walk briskly for at least
1 km or ASA 3B if they could not achieve either activity.

Potential confounders. In addition to self-reported
fitness, confounders that are well recognized to influence
mortality were identified on an a priori basis. The extracted
data included most of the potential confounders available
in the data set: age at operation, gender, smoking status
(never, ex-smoker, current smoker), white blood cell
count, creatinine concentration, and presence of comor-
bidities (hypertension, diabetes, transient ischemic
attack/stroke, hepatic disease, peripheral vascular disease,
dialysis, and hematologic disease). Surgeons were asked to
provide body mass index and cardiac and respiratory fitness
assessments for all patients, but compliance was low, and
hence this information was not included in the analysis.
Anatomic features of the aneurysm were not included in
this study.

Outcomes. All-cause mortality was the sole outcome
assessed. Mortality data were obtained by linking all
records to the Australian Institute of Health and Welfare
National Death Index in August 2014. Mortality was
calculated from date of procedure to the date of death.
Date of last follow-up was used for censoring.

Definitions. Smoking status was classified as never
smoked, ex-smoker, and current smoker. Age was calcu-
lated from the date of birth to the date of procedure.
Creatinine concentration was split into two groups, normal
(#120 mmol/L) and high (>120 mmol/L). White blood
cell count was also divided into two groups, normal
(#11 � 109/L) and high (>11 � 109/L).

Statistical methods. Sample characteristics were sum-
marized using percentages or means with standard devia-
tions as appropriate. The effects of self-reported fitness

level on survival were assessed by Cox proportional hazards
models. An unadjusted (univariate) model was assessed, as
was an adjusted model, which included potential con-
founders. Kaplan-Meier curves were presented to assist
with interpretation of the findings. The analyses were
performed with SAS version 9.3 (SAS Institute, Cary, NC).
All tests were two tailed, and statistical significance was
assessed at the 5% a level.

RESULTS

The trial database included 688 patients. Of these, 439
were classified as ASA 3 (71.6%). Self-reported fitness data
were available for 392 of these patients. During a mean
follow-up of 1.9 years, there were 64 deaths in this group
(16.3%), 13.4% in the more physically able group and
21.6% in the less able group. The adjusted analysis
excluded 61 patients with missing data on one or more var-
iables (n ¼ 331). Patient variables and data completeness
are shown in Table I. The mean age of patients was
75.2 years (standard deviation, 7.7).

Maximum follow-up was 1605 days; mean follow-up
was 693 (6393) days, and median follow-up was
716 days. Thirty-four of the deceased were classified as
ASA 3A (13.4%) and 30 as ASA 3B (21.6%). A Kaplan-
Meier survival analysis (Fig) illustrates the marked differ-
ence in survival between the two ASA fitness categories
(P ¼ .0002). At 30 days, there is a difference in survival
between the two groups; of six deaths, one was ASA 3A
and five were ASA 3B, but the very small numbers preclude
reliable statistical analysis. Aneurysm-related deaths were

Table I. Sample characteristics

Variable Level No. %

Died No 284 85.8
Yes 47 14.2

Gender Female 34 10.3
Male 297 89.7

Fitness group A 217 65.6
B 114 34.4

Smoking history Never smoked 48 14.5
Ex-smoker 207 62.5
Current smoker 76 23.0

Hypertension No 50 15.1
Yes 281 84.9

Diabetes No 261 78.8
Yes 70 21.2

PVD No 272 82.2
Yes 59 17.8

Stroke/TIA No 267 80.7
Yes 64 19.3

Hepatic disease No 320 96.7
Yes 11 3.3

Hematologic disease No 316 95.5
Yes 15 4.5

Serum creatinine level, mmol/L #120 282 85.2
>120 49 14.8

White blood cell count, �109/L #11 304 91.8
>11 27 8.2

PVD, Peripheral vascular disease; TIA, transient ischemic attack.
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another small, statistically unreliable group (n ¼ 10), of
which three were ASA 3A and seven were ASA 3B.

ASA fitness classification was significantly associated
with survival (Table II). Overall, the chance of death was
3.6 times higher among ASA 3B patients compared with
ASA 3A patients (hazard ratio, 3.55 [1.93-6.54];
P < .0001). The increased mortality risk remained signifi-
cant after adjustment for the confounders shown in Table I
(hazard ratio, 3.03 [1.56-5.89]; P ¼ .0011).

DISCUSSION

The decision to proceed with EVAR requires both the
surgeon and the patient to carefully consider the likelihood
of poor or worse outcomes after surgery. During the early
adoption phase of the EVAR procedure, older, less fit
patients were considered to be the target population on
the grounds that they were less able to tolerate open repair
and so would fare better with EVAR.15,16 However, in an
earlier study, we showed that older patients with larger
aneurysms and higher ASA classifications are likely to expe-
rience worse postoperative survival after EVAR.12 Results
from the EVAR 2 trial, in which patients considered unfit
for open repair underwent either EVAR or no surgical
intervention, showed no overall survival benefit (short or
long term) for the intervention group, despite fewer
aneurysm-related deaths.17,18

The average age of EVAR patients in this study was
75 years, with 25% aged 80 years and older at the time
of the procedure. It is not surprising, therefore, that
>70% of our cohort had an ASA 3 classification because
of the increasing likelihood of systemic disease with
advancing age. Visnjevac and Nader19 highlighted this as
a problem in the octogenarian population, in which they
showed that 65.1% of octogenarian patients in the Veterans

Affairs Western New York Medical Center were ASA 3, and
likewise Dosluoglu et al14 showed that 77% of their
vascular surgery patients were ASA 3.

The need to finesse the understanding of operative risk
for the population of EVAR patients is central to the deci-
sion to treat. Exercise tolerance based on formal cardiopul-
monary exercise testing has been shown to be predictive of
length of hospital stay and midterm mortality after
EVAR.20 However, for the purposes of our study, con-
ducting formal exercise testing of patients was not practical
because of costs, implementation, time, and standardiza-
tion considerations across 32 treating centers in Australia.
In reality, it is difficult to imagine routine exercise tolerance
testing being implemented in most clinical settings.

For this reason, we used self-reported fitness as a proxy
for formal exercise testing. This is not without precedent;
Reilly et al21 asked patients undergoing major, noncardiac
procedures to report their ability to estimate the number of
blocks (zero to four) they could walk and flights of stairs
they could climb without experiencing symptomatic limita-
tion. They showed self-reported exercise tolerance to be
highly predictive for serious complications independent of
all other characteristics including age. Puhan et al22 had
their patients perform a sit-to-stand testdin the physician’s
surgerydand found this to be strongly predictive for prog-
nosis of patients with chronic obstructive pulmonary dis-
ease. A different measure of fitness, reviewed by
Crawford et al,23 showed that patients’ dependency status
(ie, ability to perform activities of daily living with or
without assistance) was highly correlated with all adverse
30-day outcomes in infrainguinal surgical bypass patients.

To the best of our knowledge, no other studies have
tried to stratify ASA 3 EVAR patients. However, self-
reported fitness has been used in various settings. Holter-
mann et al24 showed that among 8936 men and women
enrolled in the Copenhagen City Heart Study, self-
reported cardiac fitness was independently predictive of
survival and improved risk classification when added to
traditional risk factors of cardiovascular disease and
all-cause mortality.

The results presented here demonstrate that self-
reported fitness is an excellent predictor of survival among
the ASA 3 cohort. It is possible that self-reported fitness
serves as a proxy for the patient’s frailty. Afilalo25

Fig. Kaplan-Meier survival curves for patients stratified by fitness
group. P ¼ .0002 (log-rank test). ASA, American Society of
Anesthesiologists.

Table II. Unadjusted and adjusted models of patient
fitness group survival

Parameter Level
Hazard
ratio Lower CL Upper CL P

Unadjusted
Fitness group A 1.00

B 3.55 1.93 6.54 <.0001
Adjusted
Fitness group A 1.00

B 3.03 1.56 5.89 .0011

CL, Confidence limit.

JOURNAL OF VASCULAR SURGERY
Volume 62, Number 2 Boult et al 301



summarized the link between cardiovascular disease and
frailty and concluded that the best measure of frailty and
adverse outcomes after surgery was slow gait speed
($6 seconds to walk 5 m), better than handgrip strength,
chair raises, or balance testing. Frailty tests typically eval-
uate slowness, weakness, and physical inactivity.26 It seems
reasonable to assume that a patient’s self-reported inability
to walk at a reasonable pace or to ascend stairs may provide
a subjective means of assessing the onset or progression of
frailty. Future studies aiming to substratify ASA 3 patients
might consider employing frailty scales such as the 7-
point Canadian Study of Health and Aging Clinical Frailty
Scale, which grades patients from very fit to severely frail
(completely dependent on others), as this appears to be a
simple and reliable measure of frailty.27

It is unfortunate but predictable that we received limited
information about cardiac and respiratory fitness as the ma-
jority of Australian EVAR patients do not undergo formal
respiratory and cardiac assessments before their procedure,
even in the more research-focused institutions. Similarly,
formal exercise testing is rarely if ever conducted before
EVAR surgery. However, as we have shown, self-reported
exercise tolerance does provide a good predictor of mortality
in ASA 3 patients. One use of this information is that pa-
tients with good self-reported exercise tolerance can proceed
to surgery, but surgeons might choose to discuss the treat-
ment options with less fit patients. The benefit of using sub-
jective testing is that it provides a simple perioperative risk
assessment and may be used to improve communication of
the benefits, risks, and alternatives.

CONCLUSIONS

Despite the fact that ASA class was developed to
describe the preoperative health of a patient, it has been
found to be a strong predictor of survival after many surgi-
cal procedures. In EVAR, it has limitations because of the
high proportion of patients with severe systemic disease
(ASA 3). Subgrouping ASA 3 patients according to their
ability to briskly walk a distance or to climb two flights of
stairs appears to be a powerful means of predicting survival
outcomes.

Whereas there will always be criticism of a system that
relies on self-reported fitness, it is unlikely that many sur-
geons will implement structured preoperative fitness tests
in their routine preoperative workup for EVAR, nor can
this study address the question of whether putting effort
into improving patient fitness before surgery will improve
outcomes. However, an understanding of risk can help
inform discussions with patients at higher risk about the
likely effect of surgery and may contribute to improving
the informed consent process. In the spirit of open discus-
sion, patients should have access to information that will
help them weigh up their overall risk when deciding
whether to undergo EVAR.
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