
Anesthesiology 2001; 95:1133–40 © 2001 American Society of Anesthesiologists, Inc. Lippincott Williams & Wilkins, Inc.

Coronary Artery Plaque Burden and Perioperative
Cardiac Risk
Elisabeth Mahla, M.D.,* Martin N. Vicenzi, M.D.,* Brigitte Schröttner, M.D.,† Robert Maier, M.D.,‡
Kurt Tiesenhausen, M.D.,§ Norbert Watzinger, M.D.,i Rainer Rienmüller, M.D.,#
Rita L. Moser, M.D.,** Helfried Metzler, M.D.††

Background: Electron-beam computed tomography–derived
coronary calcium score correlates with the morphologic sever-
ity of coronary artery disease, reflecting both global atheroscle-
rotic plaque formation and coronary artery luminal narrowing.
The current study examines the impact of coronary atheroscle-
rotic plaque burden, measured by coronary calcium score, on
the potential for perioperative myocardial cell injury, as as-
sessed by cardiac troponin T elevations in patients undergoing
elective vascular surgery. The authors further investigated
whether perioperative myocardial cell injury in those patients
adversely affects noninvasive measures of left ventricular sys-
tolic function, such as ejection fraction and wall motion score.

Methods: Fifty-one consecutive patients scheduled for vascu-
lar surgery were enrolled in this prospective study. In addition
to standard preoperative evaluation, including patient history
and physical examination, electron-beam computed tomogra-
phy scan, 12-lead electrocardiography, and transthoracic echo-
cardiography were performed on the day before surgery. Sub-
sequent evaluations on postoperative days 2 and 7 included
transthoracic echocardiography and 12-lead electrocardiogra-
phy. Cardiac troponin T determinations were performed on the
day before surgery, immediately preoperatively, and on post-
operative days 1, 2, 3, and 7.

Results: The median coronary calcium score of the 51 pa-
tients was 997.0 (25th percentile, 202.5; 75th percentile,
1,949.5). Cardiac troponin T elevations exclusively occurred in
patients with a coronary calcium score greater than 1,000. The
six patients (12%) with perioperative cardiac troponin T eleva-
tions had a 2.5-fold higher coronary calcium score than those
without cardiac troponin T elevation (P 5 0.021). In these
patients, the ejection fraction decreased from 61 6 10% to 52 6
13% (mean 6 SD) on postoperative day 2 and was 54 6 16% on
postoperative day 7 (P 5 0.022).

Conclusion: A high electron-beam computed tomography cor-
onary calcium score, reflecting substantial coronary plaque
burden, carries an increased risk for myocardial cell injury
after vascular surgery. In these patients, myocardial damage
may result in deterioration of global systolic left ventricular
function.

ELECTRON-BEAM computed tomography (EBCT) is a
highly sensitive and noninvasive technology for the de-
tection and quantification of coronary artery calcium.1,2

Calcification is an integral part of atherosclerotic plaque

formation.3 The EBCT-derived coronary calcium score
correlates with the morphologic severity of coronary
artery disease (CAD), reflecting both global atheroscle-
rotic plaque burden4–7 and the likelihood of significant
coronary artery stenoses.2,8–10 Thus, EBCT is currently
under extensive evaluation for the early diagnosis of
CAD in asymptomatic patients, for the noninvasive mor-
phologic evaluation of symptomatic CAD, and for the
prediction of subsequent myocardial ischemic
events.2,6–13

Patients undergoing vascular surgery have only an 8%
incidence of normal coronary angiograms and a 60%
incidence of significant angiographic CAD14 and are
therefore at increased risk for perioperative cardiac mor-
bidity.15–17 This risk increases with preoperatively im-
paired left ventricular function.18–20 Even asymptomatic
perioperative ischemic events may herald adverse long-
term cardiac outcome.19,21–23 Perioperative stress has
been clearly demonstrated to precipitate myocardial in-
farction in patients with chronic flow-limiting coronary
stenoses.24–27 Perioperative myocardial cell injury
might, however, also arise from acute flow limitation,
after stress induced plaque rupture and thrombosis in
primarily nonstenotic coronary artery segments.21,28 Car-
diac troponins are established highly sensitive and highly
specific biochemical markers for the detection of isch-
emic myocardial cell injury in surgical and nonsurgical
patients.16,17,29–32

We examined the impact of coronary atherosclerotic
plaque burden, measured by coronary calcium score, on
the potential for perioperative myocardial cell injury, as
assessed by cardiac troponin T (cTnT) elevations in pa-
tients undergoing elective vascular surgery. In addition,
we investigated whether perioperative myocardial cell
injury in those patients adversely affects noninvasive
measures of left ventricular systolic function such as
ejection fraction (EF) and wall motion score.

Materials and Methods

After obtaining institutional review board approval
from the University of Graz (Graz, Austria) and written
informed consent, 55 consecutive patients scheduled for
elective vascular surgery between January 1999 and June
2000 were enrolled in this prospective study. Inclusion
criteria were elective abdominal aortic aneurysm resec-
tion, infrainguinal vascular surgery, or carotid endarter-
ectomy with general anesthesia; sinus rhythm; left ven-
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tricular EF greater than or equal to 40%; and surgery
scheduled on Tuesday or Wednesday (for organizational
reasons). Exclusion criteria were unstable coronary syn-
dromes, decompensated congestive heart failure, and
known or suspected aortic stenosis; preoperative renal
dysfunction (creatinine concentration . 1.4 mg/dl); and
repeat surgery during the study period.

The day before surgery, patients underwent a routine
clinical evaluation, including a detailed medical history,
physical examination, routine laboratory tests, 12-lead
electrocardiogram, and chest radiograph. Definite coro-
nary artery disease was defined by the presence of at
least one of the following parameters: typical angina,
atypical angina with stress-induced scintigraphic perfu-
sion defects, inducible ischemia on dobutamine echocar-
diography, previous myocardial infarction, previous
coronary artery bypass grafting, or percutaneous trans-
luminal coronary angioplasty. Patients with definite CAD
who were clinically stable on any chronic antianginal
medication proceeded to surgery without a preoperative
change of this medication and without further noninva-
sive testing. For the purpose of this study, the patients
were perioperatively further evaluated as described in
the following sections.

Electron-beam Computed Tomography
On the day before surgery, EBCT scans were per-

formed with the Imatron Ultrafast Computed Tomo-
graph C-150/C-150L (Imatron, San Francisco, CA)
equipped with high-resolution detector rings. The exact
location of the heart was determined by a preview scan
in multislice mode with an exposure time of 50 ms. The
EBCT study was performed in single-slice mode with an
exposure time of 100 ms. To detect even minimal
amounts of coronary calcium, images were obtained
with a scan slice thickness of 1.5 mm instead of the usual
3–6 mm.2 Fifty-five to 60 adjacent images were obtained
from the level of the pulmonary trunk to the diaphragm
to cover the whole heart. Electrocardiographic trigger-
ing was used to image the heart at the same time of the
cardiac cycle (R-R interval 80%). All EBCT studies were
performed at midinspiratory level. Coronary foci with a
computed tomographic value greater than or equal to
130 Hounsfield units (HU) and an area of at least three
coherent pixels, each greater than or equal to 1 mm2,
were defined to represent coronary artery calcium. The
identification of coronary calcifications was performed
semiautomatically on the Imatron Workstation using the
Calcium Score Analyzing Program (Imatron). According
to Agatston et al.,1 the total coronary calcium score
(dimensionless unit) was calculated by multiplying the
lesion area (measured in square millimeters) by a density
factor, rated 1 through 4, according to the maximum CT
value density within that area (130–199 HU: density
factor 1; 200–299 HU: density factor 2; 300–399 HU:
density factor 3; and . 400 HU: density factor 4).

The EBCT studies and the quantitative evaluation were
performed by two radiologists blinded to all clinical data.
The interobserver variability of the coronary calcium
score in our institution is 5% (unpublished data), which
is comparable to the available literature.33

Transthoracic Echocardiography
Serial standard two-dimensional and M-mode echocar-

diography (Sonos 5500; Agilent Technologies GmbH,
Böblingen, Germany) was performed in all patients on
the day before surgery and on postoperative days (POD)
2 and 7. Parasternal long- and short-axis views and apical
two-, three-, and four-chamber views were obtained for
the assessment of the following: (1) left ventricular EF, as
a measure of global left ventricular systolic function
using the Simpson method34; and (2) regional wall mo-
tion abnormalities, as a measure of regional left ventric-
ular systolic dysfunction. The left ventricle was divided
into 16 segments, and wall motion was scored on a
five-point scale (with a score of 1 indicating normal
contractility, 2 hypokinesis, 3 akinesia, 4 dyskinesia, and
5 aneurysm, respectively). The wall motion score was
calculated by dividing the sum of all scores by the num-
ber of segments visualized.34 The interobserver variabil-
ity of these parameters in our institution is within a 10%
range, which is in good agreement with the literature.35

The echo tapes were evaluated by two independent
cardiologists who were blinded to the patients’ clinical,
cTnT, and EBCT coronary calcium score data.

Twelve-lead Electrocardiogram and Cardiac
Troponin T Assessments
Serial 12-lead electrocardiogram recordings were per-

formed on the day before surgery and on POD 2 and 7.
Morning venous blood samples for measurement of
cTnT were drawn on the day before surgery, immedi-
ately before induction of anesthesia, and on POD 1, 2, 3,
and 7. Serum cTnT was measured by a second-genera-
tion enzyme immunoassay (Troponin T STAT; Roche
Diagnostics Ltd., Mannheim, Germany). The lower limit
of detection in this assay is 0.01 ng/ml serum, and the
threshold value for the diagnosis of myocardial cell in-
jury is 0.1 ng/ml.36 Patients with a cTnT increase greater
than 0.1 ng/ml in at least one measurement were defined
as cTnT-positive.

After surgery, the study patients underwent a daily
clinical assessment for the evaluation of chest pain,
shortness of breath, or pulmonary congestion by a re-
search fellow.

Perioperative Management
Anesthetic management and perioperative care and

intensive care unit referral were at the discretion of the
attending physicians. Postoperative analgesia was pro-
vided with opioids and nonsteroidal antiinflammatory
drugs. Preoperative cardiac medication was resumed as
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soon as possible. Intraoperatively, all patients received
5,000 units of unfractionated heparin, administered in-
travenously before vascular clamping. Postoperatively,
the surgeons individually determined further anticoagu-
latory management for the prevention of graft thrombo-
sis. The perioperative hematocrit was maintained be-
tween 30 and 33%. The attending physicians were aware
of the patients’ preoperative echocardiographic data and
the perioperative cTnT concentrations.

According to a prospectively defined protocol, any
evidence of perioperative myocardial cell injury initiated
an antiischemic and antithrombotic therapy in the fol-
lowing order:

1. b-adrenergic blocker therapy was resumed or initi-
ated (orally and intravenously in patients who were
unable to take oral medication) unless contraindi-
cated by a heart rate less than 60 beats/min, signs of
congestive heart failure, or a systolic blood pressure
less than 100 mmHg. b-adrenergic blocker therapy
was titrated to achieve a heart rate less than 80
beats/min.

2. Nitrates were administrated in patients with anginal
pain and in case of a contraindication to b-adrenergic
blockade and titrated to maintain a systolic blood
pressure greater than 100 mmHg.

3. Intravenous aspirin was administered 6 h after sur-
gery, unless contraindicated by major postoperative
bleeding.

4. Intravenous continuous unfractionated heparin was
administered in case of a contraindication to aspirin
(major postoperative bleeding, active gastroduodenal
ulcers) and in case of persistent myocardial ischemia
with increasing cTnT concentrations. The dose of
heparin was adjusted to achieve an activated partial
thromboplastin time at 1.5 of normal.

Data were collected by a research fellow. The patients
were monitored until hospital discharge, and a tele-
phone interview was performed to assess 30-day periop-
erative cardiac morbidity. Perioperative cardiac morbid-
ity was prospectively defined as the occurrence of
myocardial infarction, significant dysrhythmias, or con-
gestive heart failure. Myocardial infarction was diag-
nosed by a typical increase and gradual decrease of cTnT
greater than 0.1 ng/ml in combination with at least one
of the following: (1) development of new Q waves
greater than or equal to 0.04 s and greater than or equal
to 1 mm deep in at least two contiguous leads; (2) new
and persistent ST-segment or T-wave changes in two or
more contiguous leads; (3) the development of postop-
erative akinesis or dyskinesis in any segment that was
found to be normal or hypokinetic on preoperative
echocardiography. Significant dysrhythmia was defined
as high-grade atrioventricular block, symptomatic ven-
tricular dysrhythmias, and supraventricular dysrhythmias
with uncontrolled ventricular rate. Congestive heart fail-

ure was defined as the occurrence of clinical and radio-
graphic evidence of pulmonary congestion with the ap-
pearance of cardiomegaly on chest radiograph and a
typical response to treatment with diuretics.

Statistical Analysis
Data from the 51 patients who completed the study

were included in the final analysis. Data from the four
dropouts were excluded. All continuous variables were
tested for their normal distribution and were compared
by repeated-measures analysis of variance or, in case of
non-normal distribution (coronary calcium score, cTnT),
by rank sum analysis of variance. The main effects group
(between factor, levels: cTnT-positive, cTnT-negative)
and time (within factor, levels: preoperatively, POD 2,
and POD 7), as well as their interaction, were analyzed.

The correlation of coronary calcium score and EF was
assessed by multiple linear regression. The distribution
of categoric dependent variables (risk factors for CAD,
b-adrenergic blockers, aspirin) was analyzed in contin-
gency tables by chi-square tests, followed by Fisher exact
test whenever possible. Normally distributed continuous
data are expressed as mean 6 SD, and non-normally
distributed data are expressed as median and 25th and
75th percentiles. For categoric data, count and percent-
age are provided. Differences were considered signifi-
cant at P , 0.05. All tests were corrected for multiple
comparisons. For effects over time, the inherent corre-
lation of the repeated measures was accounted for. The
data were analyzed on a personal computer by StatView
4.5 (Abacus Concepts, Berkeley, CA).

Results

Demographic data of all study patients separated by
their perioperative cTnT concentrations are summarized
in table 1. Fifty-five patients were initially enrolled to
provide final data of 51 patients. Four patients were
excluded because of uninterpretable postoperative
echocardiographic recordings (n 5 2) and repeat sur-
gery (n 5 2) during the study period.

A total of 306 cTnT determinations was performed
during the perioperative period. Six patients (12%) de-
veloped perioperative cTnT elevations greater than
0.1 ng/ml, occurring preoperatively in one and postop-
eratively in five other patients. Two of these six patients
presented with persistent electrocardiogram and echo-
cardiographic evidence of ischemia and were diagnosed
with asymptomatic perioperative non–Q-wave infarction
on POD 2 after aortic abdominal aneurysm and infraingui-
nal surgery, respectively. Two patients (4%) with a history
of congestive heart failure developed decompensated heart
failure on POD 3 and 7 after carotid endarterectomy and
infrainguinal surgery, respectively, occurring without cTnT
elevations. Another patient developed pneumonia and
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acute renal failure after late (POD 8) surgical reexploration,
and one patient had wound infection. No significant dys-
rhythmias were observed, and there was no death from
cardiac or noncardiac causes.

Preoperative Electron-beam Computed Tomography
Coronary Calcium Score and Perioperative Cardiac
Troponin T
The prevalence of coronary calcification by preopera-

tive EBCT was 100%. Coronary calcium scores ranged
from 6 to 5,540 (fig. 1). In 39 patients (76%), the coro-
nary calcium score was greater than or equal to 200, and
in only three patients (6%) it was less than 10. The

median coronary calcium score of the total study popu-
lation was 997.0 (25th percentile, 202.5; 75th percen-
tile, 1,949.5).

The six cTnT-positive patients had a substantially (2.5-
fold) higher median coronary calcium score than the 45
cTnT-negative patients (2,080 vs. 810; P 5 0.021; fig. 2).
Although there were no cTnT elevations in patients with
a coronary calcium score less than or equal to 1,000
(n 5 26), perioperative cTnT elevations occurred in 6 of
the 25 patients (24%) with a coronary calcium score
greater than 1,000. The patients suffering from periop-
erative myocardial infarction had a coronary calcium
score of 1,205 and 1,434, respectively.

Perioperative Left Ventricular Function and
Cardiac Troponin T
A total of 153 perioperative echocardiographic record-

ings was performed. The preoperative EF of the 51
patients was 57 6 10%. No difference in the EF was
observed between cTnT-positive and -negative patients
(P 5 0.910). However, there was a decrease of the EF
over time (P 5 0.049) and a different time course (in-
teraction, P 5 0.022). Namely, in cTnT-negative patients,
the EF remained unchanged compared with the preop-
erative EF, but in cTnT-positive patients the EF de-
creased from 61 6 10% to 52 6 13% on POD 2 and was
54 6 16% on POD 7 (fig. 3).

The preoperative wall motion score (1.2 6 0.34) was
similar in cTnT-positive and -negative patients (fig. 4).

Fig. 1. Univariate scattergraph of the coronary calcium score
(y-axis, log 10) of the 51 study patients. The straight line indi-
cates the median.

Table 1. Demographic Data of All Study Patients and Separated by Their Perioperative Cardiac Troponin Concentrations

Variable Overall cTnT Negative cTnT Positive

No. of patients 51 45 6
Age (yr; mean 6 SD) 68.9 6 7.9 68.2 6 8.0 73.7 6 5.8
Gender (male/female) 34/17 31/14 3/3
Medical history; n (%)

CAD 28 (55) 24 (86) 4 (14)
Previous myocardial infarction 12 (24) 9 (75) 3 (25)
CABG/PTCA 4 (8) 3 (75) 1 (25)
Previous congestive heart failure 2 (4) 2 (100) 0

Cardiac risk factors; n (%)
Hypertension 29 (57) 25 (86) 4 (14)
Diabetes (medically treated) 14 (27) 11 (79) 3 (21)
Cholesterol .240 mg% 23 (45) 21 (91) 2 (9)
Current smoking 22 (43) 21 (95) 1 (5)

Concomitant medication; n (%)
b-adrenergic blockers 10 (20) 8 (80) 2 (20)
ACE inhibitors 19 (37) 16 (84) 3 (16)
Nitrates 12 (24) 10 (83) 2 (17)
Statins 18 (35) 15 (83) 3 (17)
Aspirin 39 (76) 35 (90) 4 (10)
Heparin 8 (16) 6 (75) 2 (25)

Type of surgery; n (%)
Abdominal aortic aneurysm 16 (31) 13 (81) 3 (19)
Infrainguinal 23 (45) 21 (91) 2 (9)
Carotid endarterectomy 12 (24) 11 (92) 1 (8)

Duration of surgery (min; mean 6 SD) 144 6 67 141 6 69 172 6 52
Duration of hospital stay (days; mean 6 SD) 17 6 7 16.4 6 6.9 21.7 6 8.5

CAD 5 coronary artery disease; CABG 5 coronary artery bypass grafting; PTCA 5 percutaneous transluminal coronary angioplasty; ACE 5 angiotensin-
converting enzyme.
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Wall motion score increased in both groups during the
observation period (P 5 0.003) but did not differ be-
tween the groups (P 5 0.564), and the time course was
similar (interaction, P 5 0.333).

Preoperative Electron-beam Computed Tomography
Coronary Calcium Score and Perioperative Left
Ventricular Function
There was no correlation between preoperative coro-

nary calcium score and preoperative EF (r2 5 0.013).
Similarly, no correlation could be demonstrated between
preoperative coronary calcium score and EF on POD 2
(r2 5 0.039) and POD 7 (r2 5 0.029).

Discussion

The results of the current investigation demonstrate a
100% prevalence of coronary artery calcification in a

group of consecutive patients scheduled for elective
vascular surgery. Our findings are in line with those of
Hertzer et al.,14 demonstrating a 92% incidence of vari-
ous angiographic coronary artery stenoses in this patient
population. Mangano et al.15 reported a 50% incidence
of clinical CAD in patients having at least one traditional
risk factor in addition to vascular surgery. These patients
have a 20–30% incidence of chronic flow limiting coro-
nary artery stenoses, evidenced by preoperative dobut-
amine stress echocardiography.24–26

In our study population, a high preoperative EBCT
coronary calcium score was associated with an increased
risk of perioperative myocardial cell injury. Coronary
artery calcification is part of the atherosclerotic plaque
formation.3–5 EBCT is an acknowledged yet not com-
monly available technology for the measurement of cor-
onary calcium.1,4 Histopathologic4,5 and intracoronary
ultrasound investigations6,7 have demonstrated a close
correlation between coronary artery calcium and global
atherosclerotic plaque formation. Furthermore, there is
angiographic evidence of an association between coro-
nary calcium scores and the likelihood of significant
coronary artery stenoses.2,3,8–10

The individual coronary calcium scores of our study
patients varied within a wide range, similar to those
reported previously in patients undergoing EBCT for
evaluation of CAD.6,8–10 Seventy-six percent of our pa-
tients had a coronary calcium score indicating at least
nonobstructive CAD.9 Fifty percent of our patients had a
coronary calcium score greater than 1,000, suggesting
substantial atherosclerotic plaque burden with signifi-
cant angiographic coronary stenoses and total occlusion,
respectively.6–10 Perioperative myocardial cell injury oc-
curred in 25% of these patients.

These findings are in line with previous investigations,
suggesting an association between perioperative myo-
cardial infarction and both the functional and anatomic
severity of CAD.24–26,28,37 Major vascular surgery precip-

Fig. 2. Box and whisker plots illustrating the distribution of the
coronary calcium score (y-axis) in cardiac troponin T (cTnT)-
negative (white box) and cTnT-positive patients (black box;
x-axis). The line in the box indicates the median. The box
reaches from the 25th to the 75th percentile. The whiskers
range from the 10th to the 90th percentile. Data points above
and below are outliers.

Fig. 3. Perioperative changes of the ejection fraction (y-axis,
mean 6 95% confidence interval) in cardiac troponin T (cTnT)-
negative (white bars) and cTnT-positive (black bars) patients.
The x-axis depicts the observation points. PREOP 5 the day
before surgery; POD 5 postoperative day.

Fig. 4. Perioperative changes of the wall motion score (y-axis,
mean 6 95% confidence interval) in cardiac troponin T (cTnT)-
negative (white bars) and cTnT-positive (black bars) patients.
The x-axis depicts the observation points. PREOP 5 the day
before surgery; POD 5 postoperative day.
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itates postoperative ischemic events in approximately
50% of patients with chronic flow-limiting coronary ste-
noses, evidenced by preoperative stress echocardiogra-
phy.24–26 Furthermore, there is angiographic and his-
topathologic evidence that perioperative myocardial
infarctions may also occur distal to noncritical stenoses,
probably because of plaque rupture. Perioperative stress
might induce plaque transformation and thrombosis in
primarily nonstenotic coronary artery segments.21,28,37

Finally, the cardiologic literature suggests that acute
myocardial infarction is the peak clinical expression of
systemic coronary artery disease activity.38

Electron-beam computed tomography coronary cal-
cium score is unable to identify vulnerable soft plaques
directly, but a clear correlation between calcified and
noncalcified, potentially vulnerable plaques has been
demonstrated recently.7

The association between high coronary calcium scores
and perioperative myocardial cell injury in our study
population is in line with the recent cardiologic litera-
ture, supporting the relation between high coronary
calcium scores and subsequent acute ischemic
events.11–13 However, currently a clearly defined coro-
nary calcium score cut point does not exist.2,9,11–13

As a measure of global atherosclerotic plaque burden,
coronary calcium score may more comprehensively re-
flect the true severity of coronary artery disease affecting
perioperative cardiac morbidity rather than a technology
merely assessing coronary artery luminal narrowing. The
lack of a generally accepted cut point currently pre-
cludes the definition of a positive predictive value for
adverse cardiac outcome and the comparison with ac-
knowledged methods for preoperative cardiac risk
assessment.

In our patients with EBCT evidence of CAD, perioper-
ative myocardial cell injury was associated with an
asymptomatic postoperative decrease of a previously
normal EF, as measured by serial transthoracic echocar-
diography, albeit the mean EF remained greater than
50% in cTnT-positive and -negative patients. Left ventric-
ular EF and wall motion score are the echocardiographic
parameters of global and regional systolic function.34 An
impaired left ventricular EF reflects the severity of un-
derlying CAD and adversely affects long-term progno-
sis.39 Recently, Misov et al.40 reported increased tropo-
nin concentrations in nonsurgical patients with
congestive heart failure and severely limited left ventric-
ular EF.

Clinical signs and a history of congestive heart failure
are correlated with perioperative and long-term isch-
emic cardiac events, particularly in patients scheduled
for vascular surgery.15,18–20,22,23 However, there may be
discordance between clinical symptoms and cardiac
performance.41 The incremental prognostic value of
preoperative transthoracic echocardiography for the
prediction of postoperative ischemic events is contro-

versial.18,20 Serial perioperative echocardiographic eval-
uations of a potential relation between myocardial ischemia
and perioperative left ventricular systolic impairment have,
to our knowledge, not yet been performed.

Although our results do not necessarily apply to pa-
tients with preoperatively impaired cardiac function,
they support the concept that ischemia is one potential
cause of postoperative congestive heart failure, as has
been previously suggested by Lopez et al.23 This is in
contrast to Mangano et al.,15 who could not identify
ischemia as a potential cause of postoperative congestive
heart failure, albeit at a time when troponin determina-
tions were not available.

The overall 12% incidence of perioperative cTnT ele-
vations in our study population is low compared with
the previously reported 20–30% incidence of troponin
elevations after a variety of noncardiac surgical proce-
dures both in patients with definite CAD and those at
risk for it.16,17,29,30 With respect to the “redefinition of
myocardial infarction”32 and the prognostic impact of
even asymptomatic perioperative troponin elevations,
even a 12% incidence is substantial and needs further
consideration.

Limitations to the Study
First, only patients with a preoperatively normal left

ventricular EF were eligible for inclusion. This does not
reflect the entire range of patients scheduled for vascular
surgery.19,20 A worse outcome could be expected in
patients who had a preoperatively impaired systolic
function.18–20

Second, the 4% incidence of perioperative myocardial
infarction by traditional criteria in our study is low. This
may be because the attending physicians were not
blinded to perioperative cTnT concentrations, and thus
any cTnT increase initiated immediate antiischemic and
antithrombotic therapy by a strict protocol. This man-
agement is based on the previous knowledge that asymp-
tomatic minor myocardial cell injury may precede symp-
tomatic cardiac morbidity.17,23,29 Although it is tempting
to speculate that the antithrombotic42 and antiinflamma-
tory effects21,43 of aspirin could have decreased the
incidence of perioperative myocardial cell injury, the
number of patients in our study is not sufficient to prove
this speculation.

Third, only 20% of the patients were treated with b
blockers. This reflects an underuse of b-adrenergic
blockers in our institution despite available recommen-
dations.44 Forth, the total number of patients included in
our EBCT study is too small for positioning this novel
technology in preoperative cardiac risk evaluation.

In conclusion, a high EBCT coronary calcium score,
reflecting substantial coronary plaque burden carries
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an increased risk for myocardial cell injury after vascular
surgery. In these patients, myocardial damage may re-
sult in deterioration of global systolic left ventricular
function.

The authors thank Eva Herk (Technical Assistant, University of Graz, Graz,
Austria) for data collection.

References

1. Agatston AS, Janowitz WR, Hildner FJ, Zusmer NR, Viamonte M Jr, Detrano
R: Quantification of coronary artery calcium using ultrafast computed tomogra-
phy. J Am Coll Cardiol 1990; 15:827–32

2. O’Rourke RA, Brundage BH, Froelicher VF, Greenland P, Grundy SM,
Hachamovitch R, Pohost GM, Shaw LJ, Weintraub WS, Winters WL Jr, Forrester
JS, Douglas PS, Faxon DP, Fisher JD, Gregoratos G, Hochman JS, Hutter AM Jr,
Kaul S, Wolk MJ: American College of Cardiology/American Heart Association
Expert Consensus document on electron-beam computed tomography for the
diagnosis and prognosis of coronary artery disease. Circulation 2000;
102:126–40

3. Wexler L, Brundage B, Crouse J, Detrano R, Fuster V, Maddahi J, Rumberger
J, Stanford W, White R, Taubert K: Coronary artery calcification: pathophysiol-
ogy, epidemiology, imaging methods, and clinical implications: A statement for
health professionals from the American Heart Association Writing Group. Circu-
lation 1996; 94:1175–92

4. Rumberger JA, Simons DB, Fitzpatrick LA, Sheedy PF, Schwartz RS: Coro-
nary artery calcium area by electron-beam computed tomography and coronary
atherosclerotic plaque area: A histopathologic correlative study. Circulation
1995; 92:2157–62

5. Sangiorgi G, Rumberger JA, Severson A, Edwards WD, Gregoire J, Fitz-
patrick LA, Schwartz RS: Arterial calcification and not lumen stenosis is highly
correlated with atherosclerotic plaque burden in humans: A histologic study of
723 coronary artery segments using nondecalcifying methodology. J Am Coll
Cardiol 1998; 31:126–33

6. Schmermund A, Baumgart D, Gorge G, Seibel R, Gronemeyer D, Ge J,
Haude M, Rumberger J, Erbel R: Coronary artery calcium in acute coronary
syndromes: A comparative study of electron-beam computed tomography, cor-
onary angiography, and intracoronary ultrasound in survivors of acute myocardial
infarction and unstable angina. Circulation 1997; 96:1461–9

7. Schmermund A, Baumgart D, Adamzik M, Ge J, Gronemeyer D, Seibel R,
Sehnert C, Gorge G, Haude M, Erbel R: Comparison of electron-beam computed
tomography and intracoronary ultrasound in detecting calcified and noncalcified
plaques in patients with acute coronary syndromes and no or minimal to mod-
erate angiographic coronary artery disease. Am J Cardiol 1998; 81:141–6

8. Detrano R, Hsiai T, Wang S, Puentes G, Fallavollita J, Shields P, Stanford W,
Wolfkiel C, Georgiou D, Budoff M, Reed J: Prognostic value of coronary calcifi-
cation and angiographic stenoses in patients undergoing coronary angiography.
J Am Coll Cardiol 1996; 27:285–90

9. Rumberger JA, Sheedy PF, Breen JF, Schwartz RS: Electron beam computed
tomographic coronary calcium score cutpoints and severity of associated angio-
graphic lumen stenosis. J Am Coll Cardiol 1997; 29:1542–8

10. Schmermund A, Denktas AE, Rumberger JA, Christian TF, Sheedy PFI,
Bailey KR, Schwartz RS: Independent and incremental value of coronary artery
calcium for predicting the extent of angiographic coronary artery disease: Com-
parison with cardiac risk factors and radionuclide perfusion imaging. J Am Coll
Cardiol 1999; 34:777–86

11. Arad Y, Spadaro LA, Goodman K, Newstein D, Guerci AD: Prediction of
coronary events with electron beam computed tomography. J Am Coll Cardiol
2000; 36:1253–60

12. Raggi P, Callister TQ, Cooil B, He ZX, Lippolis NJ, Russo DJ, Zelinger A,
Mahmarian JJ: Identification of patients at increased risk of first unheralded acute
myocardial infarction by electron-beam computed tomography. Circulation
2000; 101:850–5

13. Detrano RC, Wong ND, Doherty TM, Shavelle RM, Tang W, Ginzton LE,
Budoff MJ, Narahara KA: Coronary calcium does not accurately predict near-term
future coronary events in high-risk adults. Circulation 1999; 99:2633–8

14. Hertzer NR, Beven EG, Young JR, O’Hara PJ, Ruschhaupt WF, Graor RA,
Dewolfe VG, Maljovec LC: Coronary artery disease in peripheral vascular pa-
tients: A classification of 1000 coronary angiograms and results of surgical
management. Ann Surg 1984; 199:223–33

15. Mangano DT, Browner WS, Hollenberg M, London MJ, Tubau JF, Tateo IM:
Association of perioperative myocardial ischemia with cardiac morbidity and
mortality in men undergoing noncardiac surgery. The Study of Perioperative
Ischemia Research Group. N Engl J Med 1990; 323:1781–8

16. Lee TH, Thomas EJ, Ludwig LE, Sacks DB, Johnson PA, Donaldson MC,
Cook EF, Pedan A, Kuntz KM, Goldman L: Troponin T as a marker for myocardial
ischemia in patients undergoing major noncardiac surgery. Am J Cardiol 1996;
77:1031–6

17. Metzler H, Gries M, Rehak P, Lang T, Fruhwald S, Toller W: Perioperative
myocardial cell injury: The role of troponins. Br J Anaesth 1997; 78:386–90

18. Halm EA, Browner WS, Tubau JF, Tateo IM, Mangano DT: Echocardiogra-
phy for assessing cardiac risk in patients having noncardiac surgery. Study of
Perioperative Ischemia Research Group. Ann Intern Med 1996; 125:433–41

19. Fleisher LA, Eagle KA, Shaffer T, Anderson GF: Perioperative- and
long-term mortality rates after major vascular surgery: The relationship to
preoperative testing in the medicare population. Anesth Analg 1999; 89:
849 –55

20. Sprung J, Abdelmalak B, Gottlieb A, Mayhew C, Hammel J, Levy PJ, O’Hara
P, Hertzer NR: Analysis of risk factors for myocardial infarction and cardiac
mortality after major vascular surgery. ANESTHESIOLOGY 2000; 93:129–40

21. Mangano DT: Adverse outcome in the year 2001-a continuing odyssey.
ANESTHESIOLOGY 1998; 88:561–64

22. Mangano DT, Browner WS, Hollenberg M, Li J, Tateo IM: Long-term
cardiac prognosis following noncardiac surgery. The Study of Perioperative
Ischemia Research Group. JAMA 1992; 268:233–9

23. Lopez Jimenez F, Goldman L, Sacks DB, Thomas EJ, Johnson PA, Cook EF,
Lee TH: Prognostic value of cardiac troponin T after noncardiac surgery: 6-month
follow-up data. J Am Coll Cardiol 1997; 29:1241–5

24. Poldermans D, Fioretti PM, Forster T, Thomson IR, Boersma E, el Said EM,
du Bois NA, Roelandt JR, van Urk H: Dobutamine stress echocardiography for
assessment of perioperative cardiac risk in patients undergoing major vascular
surgery. Circulation 1993; 87:1506–12

25. Poldermans D, Arnese M, Fioretti PM, Boersma E, Thomson IR, Rambaldi
R, van Urk H: Sustained prognostic value of dobutamine stress echocardiography
for late cardiac events after major noncardiac vascular surgery. Circulation 1997;
95:53–8

26. Poldermans D, Boersma E, Bax JJ, Thomson IR, van de Ven LL, Blanken-
steijn JD, Baars HF, Yo TI, Trocino G, Vigna C, Roelandt JR, van Urk H: The effect
of bisoprolol on perioperative mortality and myocardial infarction in high-risk
patients undergoing vascular surgery. Dutch Echocardiographic Cardiac Risk
Evaluation Applying Stress Echocardiography Study Group. N Engl J Med 1999;
341:1789–94

27. Eagle KA, Brundage BH, Chaitman BR, Ewy GA, Fleisher LA, Hertzer NR,
Leppo JA, Ryan T, Schlant RC, Spencer WH, Spittell JA, Twiss RD, Ritchie JL,
Cheitlin MD, Gardner TJ, Garson A, Lewis RP, Gibbons RJ, O’Rourke RA, Ryan TJ:
Guidelines for perioperative cardiovascular evaluation for noncardiac surgery:
Report of the American College of Cardiology/American Heart Association Task
Force on Practice Guidelines. Committee on Perioperative Cardiovascular Eval-
uation for Noncardiac Surgery. Circulation 1996; 93:1278–1317

28. Dawood MM, Gutpa DK, Southern J, Walia A, Atkinson JB, Eagle KA:
Pathology of fatal perioperative myocardial infarction: Implications regarding
pathophysiology and prevention. Int J Cardiol 1996; 57:37–44

29. Badner NH, Knill RL, Brown JE, Novick TV, Gelb AW: Myocardial infarc-
tion after noncardiac surgery. ANESTHESIOLOGY 1998; 88:572–8

30. Zaugg M, Tagliente T, Lucchinetti E, Jacobs E, Krol M, Bodian C, Reich DL,
Silverstein JH: Beneficial effects from beta-adrenergic blockade in elderly patients
undergoing noncardiac surgery. ANESTHESIOLOGY 1999; 91:1674–86

31. Hamm CW, Ravkilde J, Gerhardt W, Jorgensen P, Peheim E, Ljungdahl L,
Goldmann B, Katus HA: The prognostic value of serum troponin T in unstable
angina. N Engl J Med 1992; 327:146–50

32. Antman E, Bassand JB, Klein W, Ohman M, Lopez Sendon JL, Rydek L,
Simoons M, Tendera M: Myocardial infarction redefined: A consensus document
of The Joint European Society of Cardiology/American College of Cardiology
Committee for the redefinition of myocardial infarction. J Am Coll Cardiol 2000;
36:959–69

33. Kaufmann RB, Sheedy PF, Breen JF, Kelzenberg JR, Kruger BL, Schwartz
RS, Moll PP: Detection of heart calcification with electron beam CT: Interob-
server and intraobserver reliability for scoring quantification. Radiology 1994;
190:347–52

34. Schiller NB, Shah PM, Crawford M, DeMaria A, Devereux R, Feigenbaum
H, Gutgesell H, Reichek N, Sahn D, Schnittger I, Silverman N, Tajik AJ: Recom-
mendations for quantitation of the left ventricle by two-dimensional echocardi-
ography. American Society of Echocardiography Committee on Standards, Sub-
committee on Quantitation of Two-Dimensional Echocardiograms. J Am Soc
Echocardiogr 1989; 2:358–67

35. London MJ, Tubau JF, Wong MG, Layug E, Hollenberg M, Krupski WC,
Rapp JH, Browner WS, Mangano DT: The “natural history” of segmental wall
motion abnormalities in patients undergoing noncardiac surgery. S.P.I. Research
Group. ANESTHESIOLOGY 1990; 73:644–55

36. Muller Bardorff M, Hallermayer K, Schroder A, Ebert C, Borgya A, Gerhardt
W, Remppis A, Zehelein J, Katus HA, Ricchiuti V, Voss EM, Ney A, Odland M,
Anderson PA, Apple FS: Improved troponin T ELISA specific for cardiac troponin
T isoform: Assay development and analytical and clinical validation. Clin Chem
1997; 43:458–66

37. Ellis SG, Hertzer NR, Young JR, Brener S: Angiographic correlates of
cardiac death and myocardial infarction complicating major nonthoracic vascular
surgery. Am J Cardiol. 1996; 77:1126–8

1139EBCT CORONARY CALCIUM SCORE AND PERIOPERATIVE MYOCARDIAL CELL INJURY

Anesthesiology, V 95, No 5, Nov 2001

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/95/5/1133/333443/0000542-200111000-00017.pdf by guest on 13 M
arch 2024



38. Guazzi MD, Bussotti M, Grancini L, De Cesare N, Guazzi M, Pera IL, Loaldi
A: Evidence of multifocal activity of coronary disease in patients with acute
myocardial infarction. Circulation 1997; 96:1145–51

39. Emond M, Mock MB, Davis KB, Fisher LD, Holmes DR, Jr., Chaitman BR,
Kaiser GC, Alderman E, Killip TI: Long-term survival of medically treated patients
in the Coronary Artery Surgery Study (CASS) Registry. Circulation 1994; 90:
2645–57

40. Missov E, Mair J, Calzolari C, Davy JM, Leclercq F, Rossi M, Pau B: A novel
biochemical approach to congestive heart failure: Cardiac troponin T. Am Heart J
1999; 138:95–9

41. Packer M, Cohn JN: Consensus recommendations for the management of

chronic heart failure. On behalf of the membership of the advisory council to
improve outcomes nationwide in heart failure. Am J Cardiol 1999; 83:1A–38A

42. Collins R, Peto R, Baigent C, Sandercock P, Dunbabin D, Warlow C:
Collaborative overview of randomised trials of antiplatelet therapy. I: Prevention
of death, myocardial infarction, and stroke by prolonged antiplatelet therapy in
various categories of patients. BMJ 1994; 308:81–106

43. Liuzzo G, Biasucci LM, Gallimore JR, Grillo RL, Rebuzzi AG, Pepys MB,
Maseri A: The prognostic value of C-reactive protein and serum amyloid a protein
in severe unstable angina. N Engl J Med 1994; 331:417–24

44. Warltier DC: Beta-adrenergic-blocking drugs: Incredibly useful, incredibly
underutilized. ANESTHESIOLOGY 1998; 88:2–5

1140 MAHLA ET AL.

Anesthesiology, V 95, No 5, Nov 2001

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/95/5/1133/333443/0000542-200111000-00017.pdf by guest on 13 M
arch 2024


