JGIM

ORIGINAL ARTICLES

Adverse Cardiac Events After Surgery

Assessing Risk in a Veteran Population
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OBJECTIVE: To establish rates of and risk factors for cardiac
complications after noncardiac surgery in veterans.

DESIGN: Prospective cohort study.
SETTING: A large urban veterans affairs hospital.

PARTICIPANTS: One thousand patients with known or
suspected cardiac problems undergoing 1,121 noncardiac
procedures.

MEASUREMENTS: Patients were assessed preoperatively for
important clinical variables. Postoperative evaluation was
done by an assessor blinded to preoperative status with a
daily physical examination, electrocardiogram, and creatine
kinase with MB fraction until postoperative day 6, day of
discharge, death, or reoperation (whichever occurred earliest).
Serial electrocardiograms, enzymes, and chest radiographs
were obtained as indicated. Severe cardiac complications
included cardiac death, cardiac arrest, myocardial infarction,
ventricular tachycardia, and fibrillation and pulmonary edema.
Serious cardiac complications included the above, heart
failure, and unstable angina.

MAIN RESULTS: Severe and serious complications were
seen in 24% and 32% of aortic, 8.3% and 10% of carotid,
11.8% and 14.7% of peripheral vascular, 9.0% and 13.1% of
intraabdominal/intrathoracic, 2.9% and 3.3% of intermediate-
risk (head and neck and major orthopedic procedures), and
0.27% and 1.1% of low-risk procedures respectively. The five
associated patient-specific risk factors identified by logistic
regression are: myocardial infarction <6 months (odds ratio
[OR], 4.5; 95% confidence interval [CI], 1.9 to 12.9), emergency
surgery (OR, 2.6; 95% CI, 1.2 to 5.6), myocardial infarction >6
months (OR, 2.2; 95% CI, 1.4 to 3.5), heart failure ever (OR, 1.9;
95% CI, 1.2 to 3.0), and rhythm other than sinus (OR, 1.7; 95%
CI, 0.9 to 3.2). Inclusion of the planned operative procedure
significantly improves the predictive ability of our risk model.

CONCLUSIONS: Five patient-specific risk factors are associated
with high risk for cardiac complications in the perioperative
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period of noncardiac surgery in veterans. Inclusion of the
operative procedure significantly improves the predictive
ability of the risk model. Overall cardiac complication rates
(pretest probabilities) are established for these patients. A
simple nomogram is presented for calculation of post-test
probabilities by incorporating the operative procedure.
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A common reason surgeons consult general internists
and cardiologists is for preoperative assessment of
cardiac risk in patients undergoing noncardiac surgery.
Using a multifactorial approach, Goldman et al. prospec-
tively established a multivariate index that was associated
with adverse cardiac outcome after surgery.' Several limita-
tions of this index? led to its modification by Detsky et al.>
This has been the standard risk model used by clinicians for
assessing risk of adverse cardiac events after surgery.

We encountered several difficulties when trying to apply
Detsky’s index to risk stratify patients at the Dallas Veterans
Affairs Medical Center (DVAMC). We did not know if it was
appropriate to use the overall complication rates derived
from Detsky et al.’s population, as our patients may be
different from their patients. Compared with 57% of Detsky
et al.’s patients, more than 90% of VAMC patients are men
and thus likely to have a higher prevalence of coronary
artery disease. Detsky et al. also did not include several
surgical procedures (e.g., hernia repair, amputations,
rotator cuff repair, etc.) commonly performed at the DVAMC,
for which preoperative consultation is frequently requested.

The adverse event rates for specific surgical procedures
are largely unknown for the veterans affairs (VA) population,
although there are reports by Mangano et al.* and Ashton et
al.® describing overall complication rates of noncardiac
surgery in VAMC patients. In addition, these studies
differed considerably from our study. Ashton et al. looked
at only one outcome, i.e., myocardial infarction, whereas we
wanted to look at all important outcomes. Mangano et al.
included a broader range of postoperative events but
recorded a very high incidence (46%) of ventricular tachy-
cardia (defined as 5 or more consecutive PVCs at a rate of at
least 100 per minute). A majority of these events (97%) were
asymptomatic. This incidence of ventricular tachycardia is
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higher than any other study and it is likely that a large
number of these events were diagnosed simply because the
patients were undergoing continuous holter monitoring.

We also wanted to test the importance of certain
variables in our population that were found to be important
in Detsky et al.’s cohort. We wanted to examine if isolated
elevation of AST (one of the criteria of poor general medical
status) that is common in our patients indicated high
cardiac risk. Further, during preoperative assessment it is
often easier to determine if the patients had previous
congestive heart failure than to establish the history of
pulmonary edema. We therefore wanted to examine the
importance of congestive heart failure. We also sought to
explore the value of additional variables such as diabetes
mellitus, hypertension, chronic stable angina, and periph-
eral vascular disease, which have been found to be
important by some investigators but not others.!*'3 Given
all these constraints, conflicting data, and lacking good
information in veterans, we wanted to assess the cardiac
risk of a broad range of noncardiac procedures and develop
a cardiac risk index applicable to VAMC patients.

METHODS

This study was performed at the DVAMC from April
1992 to December 1995. Participants included patients
who had known or suspected cardiac disease determined by
presence of previous myocardial infarction, angina, coro-
nary revascularization, abnormal coronary angiography,
cardiomyopathy, heart failure, arrhythmias, valvular dis-
ease, heart murmur, abnormal electrocardiogram (ECG), or
chest pain. All patients meeting these criteria were offered
study participation. A vast majority of our patients were
derived from the General Medicine and Cardiology Pre-
operative Consult Services. Our patient population is
therefore more similar to Detsky’s, who included patients
with a question of a cardiac problem and different from that
of Goldman et al., who studied consecutive patients over the
age of 40 years. Because patients’ risk differs with time (e.g.,
patients may acquire new risk variables) and with the
operative procedure, patients were eligible to be re-enrolled
in the study after a 2-week period free of any cardiac events
or after full recovery from an event. The DVAMC institu-
tional review board approved the study. Informed consent
was obtained from all participants.

With a conservative projection of a 7.5% complication
rate based on literature review, a sample size of 1,134
procedures was estimated to produce 5 end points for each
variable included in the model (we had sought to test
approximately 17 variables). A total of 1,758 patients were
evaluated prior to 1,879 procedures. Of these, 580 never had
surgery (no surgery group), 167 were not enrolled (no study
group), and 1,011 patients undergoing 1,132 procedures
were enrolled. Eleven (1%) patients were excluded after
enrollment because of incomplete follow-up. A totalof 1,121
operative procedures performed on 1,000 patients consti-
tute the study sample. A single procedure was performed in

894 patients, 2 in 94, 3 in 9, and 4 in 3 patients. Ten
procedures were performed on 10 women. The ages of
patients ranged from 34 to 88 years (mean 66 + 8.5 years).

Preoperative Assessment

Patients were evaluated by one of the investigators (RK,
WPM, GR, GRH, or HJH) directly or indirectly through
supervision of the residents. Evaluations included a
detailed medical history, physical examination, and review
of old medical records and laboratory tests including
creatine kinase (CK) with MB fraction, electrolytes, AST, a
chest radiograph, and an ECG with a 1-minute rhythm
strip. Data was collected for 19 patients by chart review
alone (these patients had been interviewed and assessed
but their original preoperative data forms were lost).
Patients were specifically evaluated for previous myocardial
infarction; Canadian Cardiovascular Society Angina
(CCSA) Classes III and IV; stable and unstable angina;
alveolar pulmonary edema; congestive heart failure; critical
aortic stenosis; nonsinus rhythm or premature atrial
contractions on the last preoperative ECG; more than 5
premature ventricular contractions (PVCS) per minute
ever; poor general medical status; age; emergent or urgent
surgery; diabetes mellitus; hypertension; and peripheral
vascular disease. The variables were defined in the same
fashion as in Detsky et al.® with the following exceptions:
critical aortic stenosis was defined as calculated valve area
of 0.5 cm?/m? by echocardiogram, with a mean gradient of
>40 mm Hg and a velocity across the valve of >4 m/sec in a
patient with consistent clinical picture. Hypokalemia was
defined as a serum level of <3.5 mEq/L. Diabetes was
defined as fasting serum glucose level >140 mg/dl on more
than one occasion requiring treatment with diet or drugs.
Hypertension was defined as use of medication to lower
blood pressure, or documented systolic or diastolic blood
pressure of >160 mm Hg and >90 mm Hg, respectively.
Peripheral vascular disease was defined as presence of
claudication, rest pain, abnormal angiography, or prior
revascularization. Angina was considered stable if it had
not increased in any respect, and had not caused
decreased activity in the last 3 months. Congestive heart
failure was defined as history of dyspnea on exertion;
orthopnea; or paroxysmal nocturnal dyspnea with re-
sponse to diuretics, afterload reduction, or digoxin; or
was confirmed by a chest radiograph. Surgery necessary
within 12 hours was considered emergent and between 12
to 72 hours urgent.

Postoperative Outcomes Assessment

An ECG was obtained immediately postoperatively. All
patients were then assessed daily with a clinical examina-
tion, an ECG, and CK with MB fraction from postoperative
days 1 through 6, the day of discharge, reoperation, or
death (whichever occurred earliest). Postoperative assess-
ment was done by one of the authors blinded to patients’
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preoperative status. If patients developed cardiac chest
pain, heart failure, arrhythmias, hypotension, unexplained
altered mental status, elevated CK with CK-MB, or
ischemic electorocardiographic changes on routine testing,
a series of ECGs and total CKs with MB fraction were
obtained every 8 hours for a total of 3 determinations.
Chest radiographs were done for clinical suspicion of
heart failure or pulmonary edema or at the discretion of
the surgeons. These were reviewed by two radiologists,
and, in case of disagreement, by a third radiologist. Two
physicians blinded to the patient’s preoperative status
reviewed all postoperative data on patients with suspected
adverse cardiac events. A third blinded reviewer or
consensus panel of authors (RK, WPM, GR, and GH)
resolved controversies.

Outcome Events

Severe perioperative cardiac events were prospec-
tively defined as cardiac death, myocardial infarction,
pulmonary edema, cardiac arrest, and nonfatal ventricu-
lar tachycardia and ventricular fibrillation. Serious car-
diac events included the above, unstable angina, and new
or worsened heart failure. Cardiac death was defined as
death in the setting of myocardial infarction, ventricular
arrhythmias, cardiogenic shock, or if death was sudden
and unexplained. Myocardial infarction was diagnosed by
the presence of two or more of the following: 1) ECG
showing new pathological Q waves in at least 2 leads; loss
of R waves; or ST-T waves changes consistent with non-
Q-wave infraction; 2) presence of an elevated total
creatine kinase, CK-MB, and its ratio to total CK; and
3) cardiac chest pain (all of our patients had elevated
total CK, CK-MB and CK-MB to CK ratio). Pulmonary
edema and heart failure were diagnosed by radiographic
evidence in an appropriate clinical setting. Cardiac arrest
was defined as the absence of palpable pulse in an
unresponsive patient with no recordable blood pressure
with subsequent successful resuscitation. Ventricular
tachycardia was defined as consecutive PVCs occurring
at a rate of >100 per minute, sustained for >30 seconds
and requiring treatment with cardioversion or antiar-
rhythmics. Ventricular fibrillation was defined by its
characteristic electrocardiographic appearance. Unstable
angina was defined as >30 minutes of chest pain with
electrocardiographic changes consistent with ischemia
without infarction. Our definitions differed from those of
other investigators (see Appendix for details).

Statistical Methods

Using stepwise logistic regression,'* a risk model was
developed by examining variables that were significant by
univariate analysis using the x? test or that were deemed
clinically important. These included myocardial infarction
within 6 months and more than 6 months prior to
surgery; CCSA Class III and IV within 2 weeks; unstable

angina within 3 months; stable angina; pulmonary edema
or congestive heart failure within the past one week or
ever; emergency or urgent surgery; nonsinus rhythm;
sinus rhythm with premature atrial contractions; >5
premature ventricular contractions per minute ever; poor
general medical status; hypertension; and diabetes.
Peripheral vascular disease could not be separated from
vascular nature of the procedure and was not included.
Significance levels of 0.10 were used as thresholds of
entry or removal of a variable from the model because a
P value of .05 is considered to be too restrictive leading to
exclusion of important risk factors.!® The odds ratios and
logistic function coefficients associated with each statisti-
cally significant factor were determined. For clinical
purposes, point values were derived from the regression
coefficients.

Model Validation

Several methods are available for model validation, the
gold standard being external validation, i.e., testing the
model in a different population. However, because of
limitation of resources this is difficult to do. The principal
methods of internal validation are the cross-validation,
split-sample, jack-knife, and bootstrap techniques. With
cross-validation the estimates of accuracy vary when the
validation process is repeated. The sample sizes are usually
too small to use the split-sample technique.'® Further, in a
comparison, Gong'” demonstrated that the bootstrap was
superior to the cross-validation and the jack-knife tech-
niques. Given all these considerations and the fact that we
had only 91 end points to test candidate variables, we
chose to validate the model by the bootstrap technique.'®

The selected model was compared with those of Gold-
man et al.,! Detsky et al.,® Ashton et al.,® and Lee et al.'®
using area under the curve (AUC) of the receiver operating
characteristic (ROC) curve derived by the maximum like-
lihood method.'? Statistical analysis was performed using
SAS, version 6.12 (SAS Institute, Cary, NC). For clinical use
we calculated the likelihood ratios for various scores via the
“likelihood ratio line” technique.?° A nomogram using
specific score values and associated likelihood ratios was
constructed to convert pretest probabilities into posttest
probabilities.

RESULTS
Baseline Characteristics

The baseline characteristics of the patient population
are presented in Table 1.

Surgical Procedures Studied

We studied 1,121 procedures: 280 vascular (84 aortic,
60 carotid, 68 peripheral, 49 lower limb amputations, and
19 miscellaneous, e.g., AV access); 262 general surgical
(146 major intra-abdominal procedures involving the
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Table 1. Patient Characteristics at Baseline

Patient Patient
Procedures*, Procedures,

Characteristic n %
Age >75y 159 14.2
Myocardial infarction in the

past 6 mo 27 2.4
Myocardial infarction more

than 6 mo ago 469 42
Unstable angina in the

last 3 mo 37 3.3
CCSA Class III in the last 2 wk 20 1.8
CCSA Class IV in the last 2 wk 8 0.7
Chronic stable angina 274 24
Acute pulmonary

edema in last week 5 0.4
Acute pulmonary edema

ever but not last week 116 10.3
Congestive heart failure

in last week 34 3.0
Congestive heart failure ever

but not in the last week 247 22
Emergency surgery 46 4.1
Rhythm other than sinus 112 10.0
Normal sinus rhythm with

premature atrial contractions 145 12.9
More than 5 premature ventricular

contractions per minute ever 164 14.6
Poor general medical status’ 179 16
Diabetes mellitus 291 26
Hypertension 696 62
Suspected critical aortic stenosis 0 0

* Includes 1,121 procedures in 1,000 patients.
t See text for definition.

liver, pancreas, small bowel, colon, uterus, gall bladder,
and appendix and 116 low-risk procedures, e.g., repair
uncomplicated hernias, mastectomy, gastrostomy, thyroid-
ectomy, etc); 216 orthopedic (136 major procedures involv-
ing replacement or arthroplasty of the hip, knee, shoulder,
elbow, and ankle and procedures involving the spine; and
80 low-risk procedures such as arthroscopic surgery,
rotator cuff repair, and operations involving the hand,
wrist, and long bones); 162 urologic (44 high-risk intra-
abdominal procedures and 118 low-risk transuretheral,
percutaneous, or perineal procedures); 42 thoracic (31
thoracotomy and 11 nonthoracotomy procedures); 69
otorhinolaryngologic; 39 neurologic; 30 ophthalmologic,
13 plastic; and 8 maxillofacial procedures.

Outcome Events

A total of 91 procedures resulted in serious cardiac
complications. Thirty-one patients had myocardial infarc-
tion (with 7 cardiac deaths). Thirty-nine procedures were
complicated by pulmonary edema with 1 additional cardiac
death (5 patients had myocardial infarction as well). A total
of 39 procedures were complicated by symptomatic heart
failure, 23 having heart failure as the only complication.
Five patients had ventricular tachycardia. All 5 patients

had other severe events as well (1 patient had a myocardial
infarction and pulmonary edema, 2 suffered myocardial
infarction, and 2 developed pulmonary edema). Two
patients had cardiac arrest (1 had pulmonary edema
as well) and 2 patients had unstable angina. Table 2
shows the distribution of procedures and overall complica-
tion rates for different surgical procedures. By using a
x2 statistic and applying the Bonferroni correction for
multiple comparisons, the severe and serious complication
rates are significantly different (P < .0083) for the following
comparisons: 1) very-high- versus high-, intermediate-,
and low-risk procedures; and 2) high-risk versus inter-
mediate- and low-risk procedures. The severe complication
rate for intermediate-risk surgery is also significantly
higher than for low-risk surgery but there is no significant
difference in the serious complication rates for the two
categories.

The univariate correlation of different variables with
adverse cardiac outcome is presented in Table 3. Age was

Table 2. Prior Probabilities for Various Types of Surgery

Surgical Risk Severe Cardiac*  Serious Cardiact
Category Complications (%) Complications (%)
Very-high-risk
surgery
Aortic 20/84 (23.8) 27/84 (32.0)
High-risk surgery 38/417 (9.1) 52/417 (12.5)
Vascular 18/196 (9.2) 23/196 (11.7)
Carotid 5/60 (8.3) 6/60 (10.0)
Peripheral 8/68 (11.8) 10/68 (14.7)
Miscellaneous? 5/68 (7.4) 7/68 (10.3)
Nonvascular®
Intra-abdominal/
intrathoracic 20/221 (9.0) 29/221 (13.1)
Intermediate-risk
surgery/ 7/244 (2.9) 8/244 (3.3)
Low-risk surgery'” 1/376 (0.27) 4/376 (1.1)

* Cardiac death, myocardial infarction, alveolar pulmonary edema,
cardiac arrest, and nonfatal ventricular tachycardia and fibrillation.
 Above plus unstable angina and new or worsened congestive heart
Jailure without alveolar pulmonary edema.

 All lower extremity amputations, AV access procedures, Hiclkman
catheter placement, etc.

§ Major intra-abdominal general surgery and urologic procedures
and thoracic procedures requiring thoracotomy (see text for details).
I Neurosurgical, ENT, and major orthopedic procedures (see text for
details).

9 Ophthalmologic, maxillofacial, and plastic and low-risk orthopedic,
urologic, general surgery and nonthoracotomy thoracic procedures
(see text for details).

The severe and serious complication rates for aortic surgery are
significantly higher than for high-risk, intermediate-risk and
low-risk surgery (P < .0083 with the Bonferroni correction).

The severe and serious complication rates for high-risk surgery are
significantly higher than for intermediate- and low-risk surgery
(P < .0083 with the Bonferroni correction).

The severe complication rate for intermediate-risk surgery is
significantly higher than for low-risk surgery (P < .0083 with the
Bonferroni correction). There is no significant difference between the
serious complication rates for intermediate- and low-risk surgery.
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Table 3. Univariate Correlates of Adverse Cardiac Outcome

Adverse Cardiac Outcome

Preoperative Risk Variable Variable Present (%) Variable Absent (%) P Value OR (95% CI)
MI < 6 mo 8/27 (30) 83/1094 (8) .001 5.1 (2.2 to 12.1)
MI ever but not within 6 mo 52/469 (11) 39/652 (6) .002 2.0 (1.3 to 3.0)
CCSA Class III within 2 wk 3/20 (15) 88/1101 (8) .255 2.0 (0.6to 7.1)
CCSA Class IV within 2 wk 3/8 (38) 88/1113 (8) .002 7.0 (1.6 to 29.7)
Unstable angina < 3 mo 4/37 (11) 87/1084 (8) 542 1.4 (0.5 to 4.0)
Chronic stable angina 25/274 (9) 66/847 (8) .483 1.2 (0.7 to 1.9)
APE within 1 wk 1/5 (20) 90/1116 (8) .330 2.9 (0.3 to 25.8)
APE ever but not within 1 wk 20/116 (17) 71/1005 (7) .001 2.7 (1.6 to 4.7)
CHF within 1 wk 8/34 (24) 83/1087 (8) .001 3.7 (1.6 to 8.5)
CHF ever but not within 1 wk 33/247 (13) 58/874 (7) .001 2.2 (1.4 to 3.4)
Emergency surgery 11/46 (24) 80/1075 (7) .001 3.9 (1.9 to 8.0)
Rhythm other than sinus on last ECG 16/112 (14) 75/1009 (7) .012 2.1 (1.2 to 3.7)
NSR with PACs 9/145 (6) 82/976 (8) .367 0.7 (0.4 to 1.5)
More than 5 PVCs ever 13/164 (8) 78/957 (8) .923 1.0 (0.5to0 1.8)
Poor general medical status 21/179 (12) 70/942 (7) .053 1.7 (1.0 to 2.8)
Diabetes mellitus 26/291 (9) 65/830 (8) .553 1.2 (0.7 to 1.9)
Hypertension 56/696 (8) 35/425 (8) 910 1.0 (0.6 to 1.5)
Age > 75y 7/159 (4) 84/962 (9) .064 0.5(0.2to 1.1)

MI, myocardial infarction; CCSA, Canadian Cardiovascular Society angina; APE, acute pulmonary edema; CHF, congestive heart failure; PAC,
premature atrial contraction; NSR, normal sinus rhythm; PVC, premature ventricular contraction; OR, odds ratio.

examined both as a continuous variable and as a dichot-
omous variable with a cut point at the age of 75 years. As a
continuous variable, age was found to be insignificant.
When examined as a dichotomous variable, it appeared
that patients >75 years were at lower risk. However, fewer
older patients had higher-risk procedures. Of patients <75
years, 46% had high- or very-high-risk surgery compared
with 34% of the older patients (P = .003). In addition, the
complication rates for surgical procedures in various risk
categories were not significantly different for patients
above or below age 75 (Cochran-Mantel-Haenszel test,
P = .377).%2! Therefore, age was not included in the logistic
regression. Variables identified by logistic regression to
have a statistically significant and independent correlation
with serious cardiac complications and their point values
are shown in Table 4. Variables correlating with severe
events were identical. Figure 1 displays the nomogram for
obtaining post-test probabilities given specific pretest
probabilities for the new index.

Model Validation

Using the bootstrap technique with 100 replications of
resampling our data, the frequency of selection of variables
was as follows: emergency surgery (95%), infarction (93%),
congestive heart failure (78%), nonsinus rhythm (60%),
pulmonary edema (21%), and the remainder of the
variables (<5%). The median AUC was 0.67, which
compares well with the observed value of 0.70.

Comparison with Other Indices

The performance of our model was compared with
several other models with use of ROC analysis by the
maximum likelihood method. The AUCs for the VA index for
serious and severe complications without taking the
operative procedure into consideration are 0.70 = 0.03
and 0.71 * 0.04, respectively (Table 5). The AUC for the VA
model for serious complications is significantly different
from the Goldman model, but for severe complications it is

Table 4. Computation of the Cardiac Risk Index

Preoperative Risk Variable Points Logistic Function Coefficient Odds Ratio (95% CI)
-5.1916

MI within 6 mo 25 1.5849 4.9 (1.9 to 12.9)

Emergency surgery 15 0.9550 2.6 (1.2 to 5.6)

MI ever, but not within 6 mo 10 0.7849 2.2 (1.4 to 3.5)

Congestive heart failure ever, but not within 1 wk 10 0.6272 1.9 (1.2 to 3.0)

Rhythm other than sinus on last ECG 10 0.5399 1.7 (0.9 to 3.2)

The minimum score for a patient is zero and the maximum is 60.

A patient with history of a remote myocardial infarction and another one within 6 months scores 25 points, not 35.
Significance levels of 0.10 were used as thresholds of entry or removal of a variable from the model.
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FIGURE 1. Likelihood ratio nomogram. Select a point reflecting
the overall complication rate on the pretest side of the
nomogram. Draw a line connecting this point to a point on
the center column that reflects the patient’s index score and
associated likelihood ratio. Extend this line to intersect the post-
test side of the nomogram. The point of intersection gives the
post-test probability, i.e., the risk of perioperative cardiac
complications.

not significantly different from any of the other models. To
make a more stringent comparison we also compared the
bootstrapped AUC of the VA model for serious complications
with the other models. It was not feasible to compare the
bootstrapped AUC of one model with the nonbootstrapped
AUC of another model; therefore, the bootstrapped AUCs for
all the other models were calculated. Because no variable
selection is occurring for these models, their bootstrapped
and nonbootstrapped AUCs are very similar and minimally
handicapped. As seen in Table 5, the bootstrapped AUC for
the VA model is significantly different from the Goldman and
the Detsky models but not from the Ashton and the Lee
models. Further, when the types of the operative procedures

by using their regression coefficients are incorporated into
the VA model, the AUCs for serious and severe complica-
tions change to 0.83 = 0.02 and 0.84 = 0.03, respectively.
These are significantly different from the AUCs without
incorporation of the surgical procedure (P value <.0001 for
both) and are also significantly different from all the other
models (Table 6). However, if we incorporate the operative
procedure into the Detsky model (the only other model that
does not include any surgical procedures), there is no
significant difference between the VA and the Detsky
models.

The median (first quartile, third quartile) DVAMC risk
index scores were 10 (0,10) for the study, 10 (0,10) for the
no surgery, 0 (0,10) for the excluded, and O (0,10) for the no
study groups respectively. The difference was statistically
significant between the no study and the study groups
(Wilcoxon rank sum test P = .001, adjusted for multiple
comparisons by the Tukey-Kramer method).??

DISCUSSION

Using logistic regression analysis in a study of 1,121
noncardiac surgical procedures at a large urban VAMC, we
have identified 5 patient-specific variables that are asso-
ciated with serious and severe perioperative cardiac
complications: myocardial infarction within 6 months, a
remote infarction, emergency surgery, history of congestive
heart failure, and nonsinus rhythm. Despite inclusion of
different types of patients, operative procedures, surveil-
lance strategies, outcomes, preoperative variables, defini-
tions of outcomes, and likely definitions of preoperative
variables, similar risk factors are found to be important by
several investigators.!-3:5:9:12.13

Effect of the Operative Procedure

In addition, the type of the operative procedure was
found to have a profound effect on adverse cardiac event
rate in our study. As shown, the incorporation of the
operative procedure led to a significant improvement in the
AUCs by the ROC analysis from 0.70 to 0.83 for serious
and from 0.71 to 0.84 for severe cardiac complications.
Further, with incorporation of the operative procedure, the
AUC of the Detsky index as applied to our patients also
improved substantially from 0.66 to 0.83 for severe
complications and from 0.64 to 0.82 for serious complica-
tions. These operative procedure effects highlight a unique
contribution of our index and demonstrate the critical
importance of including specific operative intervention in
prediction models.

The differential risk associated with various surgical
procedures has been recognized for some time. In 1972,
Tarhan et al.?® reported that the reinfarction rate following
operations on the thorax and upper abdomen was 3 times
that following operations on other sites. A very low rate of
myocardial infarction has been reported after ophthalmic
surgery in patients with (0.3%) and without (0.01%)



JGIM Volume 16, August 2001 513

Table 5. Comparison of VA with Other Models (without Consideration of the Operative Procedure)

Serious Complications

Serious Complications Severe Complications Bootstrapped AUCs
Model AUC P Value AUC P Value AUC P Value
DVAMC 0.70 £ 0.03 — 0.71 £ 0.04 — 0.67 £ 0.03 —
Goldman et al.’ 0.62 + 0.03 .033 0.66 = 0.04 .19 0.62 + 0.03 .025
Detsky et al.® 0.64 £ 0.03 .09 0.66 = 0.04 17 0.63 = 0.03 .012
Ashton et al.® 0.65 = 0.03 .10 0.67 = 0.02 17 0.64 + 0.03 .096
Lee et al.'3 0.74 = 0.03 22 0.73 £ 0.03 .33 0.73 £ 0.03 .053

Severe complications include cardiac death, myocardial infarction, alveolar pulmonary edema, cardiac arrest, nonfatal ventricular tachycardia,

and fibrillation.

Serious complications include above plus unstable angina and new or worsened congestive heart failure without pulmonary edema.

AUC, area under the curve.

The AUC for the DVAMC model is the reference value with which all others are being compared.

coronary artery disease.?? In 195 patients with prior
infarction who underwent 288 ophthalmic procedures, no
postoperative reinfarctions were reported.?* This contrasts
with a 6.1% postoperative reinfarction rate in other general
surgical patients from the same institution.® Detsky et al.
reported a postoperative infarction rate of 4.8% in patients
undergoing major procedures and 0.5% in patients under-
going minor procedures. The severe and serious complica-
tion rates of 10% and 16% with major surgery were
substantially higher than the 1.6% severe and 2.1% serious
complication rates with minor surgery.®> More recently, a
very low rate of myocardial infarction (0.03%) was reported
in 38,598 patients undergoing 45,090 consecutive ambu-
latory procedures.?® Mortality after vascular surgery is
particularly high?® and 40% to 60% of the patients die from
cardiac causes.”?”

Over time, various investigators have incorporated
restricted categories of operative procedures in cardiac risk
assessment models with limited success. Goldman et al.
assigned a distinct point value for intraperitoneal, in-
trathoracic, and aortic operations. However, Jeffrey et al.”
reported substantially higher cardiac event rates in all
score classes in a cohort of 99 consecutive patients

undergoing abdominal aortic surgery than in Goldman et
al.’s original cohort. Thus the point value assigned for
aortic surgery may have failed to fully reflect the risk
associated with it. Ashton et al.® included a planned
vascular procedure in their model, whereas Lee et al.'®
incorporated high-risk surgery defined as intraperitoneal,
intrathoracic, or suprainguinal vascular procedures. The
ACC/AHA guidelines for perioperative cardiovascular eval-
uation for noncardiac surgery advise clinicians to take
surgery-specific risk factors into consideration and include
aortic, other major, and peripheral vascular procedures in
the high-risk category.?® However the risk of different
vascular, intraperitoneal, and intrathoracic procedures
may not be the same. In our study, the severe complication
rate of 24% associated with aortic surgery is significantly
higher than the 9% severe complication rate associated
with intra-abdominal, intrathoracic, and other vascular
procedures. It is likely that with incorporation of more
categories of operative procedures, the predictive ability of
various models may improve substantially. We elected to
use a Bayesian approach that allows incorporation of risk
associated with any number of specific operative proce-
dures for which the pretest probability is known.

Table 6. Comparison of VA with Other Models (with Consideration of the Operative Procedure)

Serious Complications

Severe Complications

Model AUC P Value AUC P Value
VA 0.83 = 0.02 — 0.84 + 0.03 —
Goldman et al.! 0.62 = 0.03 .0001 0.66 = 0.04 .001
Detsky et al.>* 0.64 + 0.03 .0001 0.66 + 0.04 .001
Detsky et al.?f 0.82 + 0.02 .085 0.83 = 0.03 .305
Ashton et al.® 0.65 + 0.03 .0001 0.67 = 0.02 .001
Lee et al.'3 0.74 = 0.03 .01 0.73 = 0.03 .014

* Detsky index without incorporation of the operative procedure.
t Detsky index with incorporation of the operative procedure.

(All the other indices incorporate certain surgical procedures in their models.)
Severe complications include cardiac death, myocardial infarction, alveolar pulmonary edema, cardiac arrest, nonfatal ventricular tachycardia,

and fibrillation.

Serious complications include above plus unstable angina and new or worsened congestive heart failure without pulmonary edema.

AUC, area under the curve.

The AUC for the DVAMC model is the reference value with which all others are being compared.



514 Kumar et al., Adverse Cardiac Events JGIM

Several risk factors considered important by others'-3
were found to be unimportant in our study: age, CCSA
Classes III and IV, unstable angina, >5 PVCs at any time
prior to surgery, preoperative congestive heart failure, poor
general medical status including an elevated AST and
bedridden status from noncardiac causes, stable angina,
diabetes, and hypertension. However, our older patients
underwent less stressful procedures. Also, only the health-
iest veterans may survive to age >75 years. Other
investigators have also found age to be unimportant.5-8-9-13
Most of our patients with CCSA Classes III and IV and
unstable angina underwent various interventions including
preoperative medication adjustment, coronary revascular-
ization, and/or aggressive perioperative monitoring. In-
creased risk associated with frequent PVCs described in the
early literature may have been due to aggressive antiar-
rhythmic use in that era. In our study, all patients had their
general medical, cardiac, renal, and pulmonary statuses
optimized preoperatively. Therefore, poor general medical
status may have been found to pose no increased risk.
Patients with decompensated CHF may have been more
rigorously managed in the perioperative period. Bedridden
patients with elective high-risk procedures were adequately
screened for coronary artery disease. Patients with diabetes
may have other associated risk factors, e.g., coronary artery
disease, that overshadow its importance. Importance of
hypertension in studies done in the 1960s and 1970s%® but
not in later studies’®®!? may be due to suboptimal
treatment in the earlier period. Finally we had no patients
with critical aortic stenosis to assess its importance.

Our study has several strengths. Postoperatively, all
patients were followed with a daily examination, ECG, CK,
and CK-MB. It is therefore quite unlikely that any
significant outcomes were missed. We used total CK,
CK-MB, and their ratio for diagnosis of myocardial infarc-
tion. This approach is extremely sensitive?® and 99%
specific.’° The assessors of postoperative course were
blinded to preoperative assessment, thus minimizing ex-
pectation bias. We had 91 end points to examine 18
variables, giving us at least 5 end points per variable as
recommended by Lachenbruch.?! Goldman et al., Larsen et
al., Shah et al., and Ashton et al. had only 0.8, 1.0, 1.7, and
1.3 end points respectively per variable examined. The
interobserver variability was minimized as chest radio-
graphs confirmed heart failure and pulmonary edema. The
model was validated by bootstrapping which allows the use
of the entire data for model selection unlike methods that
split the data and therefore have fewer end points to derive
the model.?? The VAMCs have an ethnically diverse popula-
tion and there is no differential care based on insurance
status. The results are likely generalizable to the VA system
which provides care to more than 3 million veterans.

Our study also has several limitations. All eligible
patients were not enrolled, and the nonenrolled appear to
be at lower risk. The importance of CCSA Class III and IV,
unstable angina, critical aortic stenosis, and decompen-
sated congestive heart failure cannot be completely ex-

cluded as there were few patients with these variables and
most were stabilized preoperatively. Our model does not
include the effects of (3-blockers as the study was
performed before their benefits were recognized.®® The
VAMC population has fewer women and a higher preva-
lence of smoking, drinking, and comorbid conditions and a
lower socioeconomic status limiting the generalizability of
the study to other populations. Further the model was
validated by the bootstrap technique while the most
stringent method to test the accuracy of the model is that
of external validation, i.e., application of the model to a
different population. Also, it needs to be emphasized that
our model was retrospectively derived and needs prospec-
tive validation in the veteran and other populations.

Because the comparison of the VA cardiac risk index to
other indices was conducted within the same data set that
was used to generate the VA index, the latter would be
expected to perform better in this data set and thus its
success may be overestimated. The predictive accuracy of
the index is likely to decrease as it is tested in different
populations as recently demonstrated by Gilbert et al.3*
The erosion of accuracy occurs as a result of several factors:
the patient populations are different and have different risk
factors; operative procedures included are distinct; some
authors include major procedures only while others include
minor procedures as well; and outcomes considered are
disparate, e.g., some'® include cardiac death as an out-
come whereas others®? include all deaths. Unstable angina
was included both by Detsky et al. and Gilbert et al. but not
by Goldman et al. Definitions of variables differ as well.
Detsky et al. defined unstable angina as 30 minutes of
chest pain with persistent ECG changes whereas Gilbert et
al. defines it as “typical symptoms with new ECG changes
compatible with ischemia” with no particular requirement
for duration of chest pain. There are likely subtle differ-
ences in the definitions of other events as well. The
surveillance strategies differ also, some studies including
events by chart review only while others using more
stringent follow-up. Lastly the predictive accuracy can
erode in the same cohort of patients as recently seen in
the study of Lee et al.'® Of the 6 risk factors found to be
important in the derivation set, only 4 were found to
correlate in the validation set.

CONCLUSIONS

We have identified 5 patient-specific clinical variables
that are independently associated with adverse cardiac
outcomes in veterans after noncardiac surgery: myocardial
infarction within 6 months, a remote infarction, emergency
surgery, history of congestive heart failure, and nonsinus
rhythm. In addition, the type of the operative procedure
also has a profound effect on the cardiac risk. To
incorporate the risk associated with the surgical proce-
dures, we have constructed a nomogram (Figure 1), which
allows estimation of an individual patient’s risk for a
specific surgical procedure. Critical aortic stenosis, CCSA
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Class III or IV, unstable angina, and decompensated heart
failure were insignificant risk variables. However, we had
few patients with these variables and most had treatment
optimized prior to surgery. Age was also an unimportant
risk factor. Patients with more than 35 points on the VA
cardiac risk index were at especially high risk. While we
expect this index to be generalizable to other VAMCs and
institutions with similar populations, confirmatory studies
are needed.
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