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BACKGROUND: Strategies to limit adverse cardiac events after vascular surgery
continue to evolve. Early recognition and treatment of myocardial ischemia may be
a key to improving postoperative survival rates. Cardiac troponin I (cTnI)
screening is an effective means of surveillance for postoperative myocardial
ischemic injury and has long-term prognostic value.
METHODS: We designed a Markov-based decision analysis model to determine the
cost-effectiveness of routine surveillance with cTnI on postoperative Days 0, 1, 2,
and 3, with an aim to institute tight heart rate control (60–65 bpm) with close
monitoring and coronary care in the intensive care unit for 5 days in patients with
cTnI �1.5 ng/mL. The key input variables obtained from published literature were
as follows: probability of myocardial infarction, 0.049; cost of cTnI surveillance,
$357; cost and efficacy of interventions, $13,145 and 0.55, respectively. The time
horizon was lifetime and the target population being individuals aged 65 yr
(median) undergoing elective open abdominal aortic surgery.

The perspective for analysis was third-party payer.
RESULTS: The incremental cost-effectiveness ratio for cTnI surveillance was $12,641
per quality-adjusted life year compared with standard care without cTnI surveil-
lance. During one-way sensitivity analysis, probability of myocardial infarction
and efficacy of interventions were found to influence the cost-effectiveness.
Multivariate sensitivity analysis with second-order Monte Carlo simulation re-
vealed that cTnI surveillance was favored in 90.75% of simulations at a commonly
used threshold of $50,000 per quality-adjusted life year.
CONCLUSIONS: In patients presenting for elective open abdominal aortic surgery, intensive
surveillance with cTnI and early institution of aggressive �-blockade is cost-effective.
(Anesth Analg 2007;105:1346–56)

Strategies to limit adverse cardiac events after
vascular surgery continue to evolve as usefulness of
traditional approaches of preoperative cardiac testing
and revascularization have been questioned (1–6). Pa-
tients who suffer perioperative nonfatal events have
reduced intermediate and long-term survival (7). After

major vascular surgery, the first 48 to 72 postoperative
hours, when adverse cardiac complications can develop,
are the most dangerous (8,9). Cardiac troponin I (cTnI)
screening is an effective means of surveillance for
postoperative myocardial ischemia (10). The routine
cTnI surveillance on Days 0, 1, 2, and 3 has allowed
recognition of two distinct types of perioperative
myocardial infarction (PMI): “early” and “delayed”
(11). Early PMI occurs in the early postoperative
period and is not preceded by subinfarction myocar-
dial damage, whereas the delayed PMI occurs later
and is preceded by a long period (�24 h) of myocar-
dial damage during which cTnI levels are increased.
Early PMI resembles that of acute nonsurgical MI, and
is probably because of acute coronary occlusion result-
ing from plaque rupture and thrombosis. The delayed
PMI resembles that resulting from an increase in
oxygen demand in the setting of fixed coronary ste-
nosis. Le Manach et al. (11) believed that monitoring
cTnI concentrations postoperatively may allow the
institution of early aggressive interventions to prevent
the evolution of PMI during the “golden period” of
approximately 2 days before the development of de-
layed PMI.
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Early invasive therapy involving interventional
procedures and anticoagulants is beneficial in the
management of acute coronary syndromes (12). How-
ever, the immediate postoperative state may preclude
the use of such a therapy. Heart rate control with use
of �-blockers may seem to be a reasonable approach in
this setting. Reduction in heart rate tends to restore the
oxygen supply-demand balance and also reduce the
risk of plaque disruption. Additional benefits regard-
less of the PMI types are prolongation of coronary
diastolic filling time and reduction in risk of ischemic
ventricular arrhythmias (13). The initial financial bur-
den of such monitoring and treatment strategy could
be substantial. For example, troponin surveillance
(four tests) incurs an additional expenditure of $357
on every patient (14). Additional expenditures will be
incurred for aggressive treatment in a fraction of
patients manifesting increased cTnI concentrations.
An important question that may be asked in such a
situation is, “Is increased cost of monitoring worth
any potential reductions in morbidity?” (15).

We sought to determine, through a decision analy-
sis model, whether postoperative cTnI surveillance on
Days 0, 1, 2, and 3, and institution of MI risk-reducing
strategies in those patients having a value �1.5
ng/mL, would be cost-effective when long-term ben-
efits are considered. Specific management strategies
that were perceived to be beneficial in ameliorating
the adverse impact of PMI were tight heart rate
control coupled with close monitoring of heart rate
and routine coronary care in intensive care unit (ICU)
(4,5,16). The target population is patients aged 65 yr
with intermediate risk (1–2 clinical risk factors) under-
going open abdominal aortic surgery. As cTnI surveil-
lance has intermediate and long-term prognostic value
(17,18), we hypothesize that potential long-term ben-
efits of early recognition and management could out-
weigh the disadvantages of initial cost burden.

METHODS
Overview

We constructed a Markov-based decision analysis
model (19,20) incorporating the costs and survival
benefits that were captured by intensive cTnI moni-
toring and intervention compared to a base-case strat-
egy of standard care in patients undergoing elective
open abdominal aortic surgery (aortic aneurysm re-
pair and aorto-bifemoral bypass surgery). The model
inputs were derived from the literature published in
English as of October 2006 using PubMed database
search. The model was designed to assess health
outcomes, i.e., quality-adjusted life years (QALYs) and
costs (present value of future expenditures) that result
from base-case strategy and intense cTnI monitoring
strategy. All costs were converted to 2003 US$ using
the medical care component of the Consumer Price
Index. The primary outcome measure was incremental
cost per QALY (21) evaluated by calculating the

incremental cost-effectiveness ratio (ICER). Our anal-
ysis assumed a third-party perspective and a lifetime
time horizon using yearly cycles of the Markov pro-
cess. Annual mortality data from United States life
tables for both genders and all races were incorpo-
rated in the analysis while using an annual excess
mortality rate of 0.014 for peripheral vascular disease
(22) for the entire cohort. In accordance with standard
principles of economic analysis, future costs, and
health outcomes (QALYs) were discounted at a yearly
rate of 3% (21). Such discounting allows one to assign
a higher value for current dollars and health outcomes
to those accrued in the future. Sensitivity analysis
included one-way sensitivity analysis calculated by
systematically varying on all data inputs in clinically
plausible ranges. In addition, multivariate probabilis-
tic Monte Carlo simulation was also used to evaluate
the stability of our model parameters (23). The ICER
value of $50,000/QALY was used as a threshold for
defining cost-effectiveness (24). The output of the
Monte Carlo simulation was summarized using the
recommended cost-effectiveness acceptability curve
(25). Decision analysis was facilitated using DATAPro
2006 (TreeAge Software, Williamstown, MA).

Literature Search Methodology
The model inputs were derived from the literature

published in English as of October 2006 using PubMed
database search. The search was made using the key
words: “troponin,” “vascular surgery” in one set and
using the key words: “perioperative,” “myocardial
infarction,” “vascular surgery,” “treatment” in an-
other. The abstracts of retrieved articles were read by
one author (S.M.) and full-length articles were ob-
tained for those determined to be suitable for the
model by another author (J.E.E.). In addition, relevant
articles on the subject were also identified from the
personal files of both of these authors to identify any
articles that could have missed the initial defined
search.

Target Population
The target population was to have a median age of

65 yr and at least two clinical risk factors for adverse
cardiac events. Such inclusion typically categorizes the
patients as “intermediate risk.” The clinical risk factors
include the following: current or previous angina
pectoris, previous MI, compensated or previous con-
gestive heart failure (CHF), diabetes mellitus, severely
limited exercise tolerance, and renal insufficiency (se-
rum creatinine �2.0 mg%) (4,26). Patients with major
risk factors, i.e., acute MI (�7 days), recent MI (7–30
days), unstable angina, decompensated CHF, and
significant arrhythmias, were excluded from the
model. Patients having conditions that preclude use of
tight heart rate control with �-blockers were also
excluded. In the intense cTnI strategy, patients would
be screened for cTnI on Days 0, 1, 2, and 3, and those
patients with a cTnI value �1.5 ng/mL would have
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aggressive �-blockade therapy with close heart rate
monitoring and routine coronary care in the ICU for
an average period of 5 days. The base-case alternative
strategy was standard care without cTnI surveillance.

Model Structure
Our model included PMI and 30-day mortality as

short-term events and, future MI, future requirement of
coronary revascularization (coronary artery bypass graft
[CABG], percutaneous coronary angioplasty with stent-
ing [PTCA]) as long-term events. We also considered MI
and mortality after PTCA and MI, stroke and mortality
after CABG. The decision analysis model adopted in this
study could be summarized in two tree structures, i.e.,
basic tree (Fig. 1) and Markov tree (Fig. 2).

In the basic tree for short-term events, we modeled
the differential mortality rates in those with and
without PMI (11). In the cTnI surveillance limb, pa-
tients having a cTnI level �1.5 ng/mL would have
risk-reducing strategies adopted in the form of tight
heart rate control with close hemodynamic monitoring
and coronary care in the ICU for 5 days. The goal of
tight heart rate control is to maintain a heart rate of
60–65 bpm. Based on the efficacy of such an interven-
tion, the risk of progression to PMI would be decreased.
The Markov tree (Fig. 2) depicts modeling for the long-
term events, i.e., future MI and future coronary revascu-
larization after hospital discharge. In long-term Markov
modeling, we modeled differential rates of future MI

and coronary revascularization in those with and with-
out PMI (7). Annual rates of future MI and coronary
revascularization in those who suffered PMI were 0.076
and 0.037, and in those who did not suffer PMI, rates
were 0.012 and 0.012, respectively (7). Finally, annual
excess mortality rates for each of the following disease
states: stroke (0.083) (27), MI with associated cTnI
increase for each of the first 4 yr (0.22) (28).

Model Inputs
The model inputs were derived from the literature

published in English as of October 2006. We did not
conduct any meta-analysis to get the aggregate values
for incorporating in the model. Rather, we selected
data from a study that closely matched the design
features of the present model. Because we used the
data from one study for baseline analysis, we took care
to ensure that the ranges for sensitivity analysis in-
cluded data from other related studies. In addition, we
ensured that the clinically plausible ranges corre-
sponded with the target population and interventions
that were modeled. The baseline variables and ranges
used in sensitivity analysis are summarized in Table 1
in the following categories:

Probabilities (3,11,27)
Probability of PMI could be influenced by preopera-

tive clinical risk status and surgical type. The present
model attempted to simulate intermediate-risk clinical
risk patients aged 65 yr undergoing abdominal aortic

Figure 1. The basic decision tree designed for modeling short-term events. In the postoperative (cTnI) surveillance strategy,
patients having cTnI values �1.5 ng/mL would have interventions in the form of tight heart rate control with close
hemodynamic monitoring and coronary care in the intensive care unit (ICU) for 5 days. Based on the relative efficacy of such
interventions, the risk of progression to myocardial infarction (MI) would be reduced.
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surgery by inclusion of cTnI performance data and
perioperative morbidity and mortality from a single
large study with similar features (11). PMI probability
was assumed to be 0.049. The mortality in those suffer-
ing PMI was 22% vs 3.3% in those not suffering PMI (11).
Morbidity and mortality data for CABG and PTCA were
derived from a large randomized trial in vascular sur-
gery patients (3).

Efficacy of cTnI Surveillance (11,16)
For cTnI performance evaluation, sensitivity and

specificity data on Day 1 of serial measurements in a
cohort of vascular surgery patients were taken as a

baseline estimate (11). The efficacy of early interven-
tions in the ICU to reduce MI in patients with a
positive cTnI screen in the perioperative period was
0.55 (16). The efficacy formula is given by the follow-
ing equation:

Efficacy � 1 � (frequency of an event with
intervention/frequency of the event without intervention).

Quality adjustment (29–31)
In cost-effectiveness analyses, quality adjustments

are required to derive the QALYs. The quality-
adjustment factor may range from 0 (death) to 1 (perfect
health). We used published population-based utilities,
representing either time-trade-off or standard-gamble

Figure 2. The Markov tree designed for modeling long-term events after the short-term events, i.e., future myocardial
infarction (MI) and future coronary revascularization, i.e., coronary artery bypass graft (CABG) and percutaneous
transluminal coronary angioplasty with stenting (PTCA). In the Markov tree, differential rates for future MI and coronary
revascularization in those with and without postoperative MI were incorporated. In cost-effectiveness analysis, quality
adjustments are required to derive quality-adjusted life years (QALYs). Such adjustment factors may range from 0 (death) to
1 (perfect health). We used a factor of 0.47 for major disabling stroke that can occur after CABG. An individual surviving 10
yr with such a stroke would accrue 4.7 QALYs. For events and procedures that did not result in durable changes in the health
state of the individual, we used disutility tolls based on the average duration of hospitalization. We used yearly cycles of
Markov process to capture long-term costs and QALYs after discounting at a yearly rate of 3%.
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techniques. For example, a utility value of 0.47 for
major disabling stroke implies that an individual
surviving 10 yr with stroke would accrue 4.7 QALYs.
For events and procedures that did not result in
durable changes in the health state of the individual,
we used disutility tolls based on the average duration
of hospitalization (37).

Costs (14,32–36)
Direct medical costs were used and, where avail-

able, Medicare reimbursement cost data were used to
reflect the cohort modeled in this study. Tight heart
rate control was modeled by using the cost data for
maximum allowable doses of esmolol during the first
48 h and high doses of oral and IV metoprolol therapy
in the next 48 h. Close monitoring for heart rate and
routine coronary care was modeled by using the ICU
costs of DRG 122 (33). Total duration of hospital stay
was assumed to be 12 days (38). The details of
interventions, along with their costs, are listed in Table
2. A cost of $21,089 was assigned for vascular surgery
for the entire cohort (32).

Sensitivity Analysis
To assess the degree to which variation in any

variable altered our results, we performed a one-way
sensitivity analyses for each model input. Noncost
data were varied systematically in the clinically plau-
sible ranges, and cost data were varied by 50% in each
direction in the sensitivity analysis, as described in
Table 1. We performed a two-way sensitivity analysis
on key variables identified on the one-way sensitivity
analysis. To further evaluate the stability of our
model, we performed a second-order Monte Carlo
simulation (23). The distribution type used for differ-
ent variables is of primary importance in probabilistic
sensitivity analysis. Beta distribution is ideal for vari-
ables that are bound on the 0–1 interval, e.g., transi-
tion probabilities, utilities and efficacy data. Because
of concerns of skewness to the right of cost data in
medical studies (39), the use of Log-Normal or trun-
cated normal or � distributions are recommended for
cost parameters (40,41). Triangular distribution is ap-
plicable for data presented as means with minimum and
maximum values (42). In the present study, the type

Table 1. Values for Variables Used in the Decision Analysis Model

Variable
Baseline value

(plausible range)a References
Probabilities for perioperative/periprocedure morbidity and mortality
MI after vascular surgery 0.049 (0.01–0.1) (11)
MI after CABG 0.071 (0.01–0.1) (3)
MI after PTCA 0.05 (0.025–0.075) (3)
Stroke after CABG 0.016 (0.01–0.02) (27)
Mortality after vascular surgery without MI 0.033 (0.01–0.06) (11)
Mortality after vascular surgery with MI 0.22 (0.01–0.5) (11)
Mortality after CABG 0.02 (0.01–0.03) (3)
Mortality after PTCA 0.014 (0.007–0.021) (3)
Proportion of CABG among patients undergoing revascularization in

the future
0.41 (0.3–0.5) (3)

Efficacy of cTnI surveillance
Sensitivity 0.8 (0.6–1) (11)
Specificity 0.93 (0.6–1) (11)
Efficacy of risk-reducing strategies 0.55 (0.1–0.9) (16)
Quality adjustment (utilities and disutilities)
Utility stroke 0.47 (0.3–0.6) (29)
Disutility stroke �45 d (�20 to �60 d) (30)
Disutility MI �7 d (�3 to �10 d) (31)
Disutility CABG �30 d (�15 to �45 d) (31)
Disutility PTCA �7 d (�3 to �10 d) (31)
Cost variables (2003 US$)
Cost of troponin (4 tests) 357.56 (180–540) (14)
Cost of MI 11,329.75 (6000–18,000) (32)
Cost of risk-reducing strategies 13,145.46 (6500–19,500) (33), Red bookb

Cost of death 16,431.25 (8000–24,000) (32)
Cost CABG 25,455 (20,000–30,000) (34)
Cost of PTCA 17,668 (9000–27,000) (35)
Cost of stroke 17,688 (9000–27,000) (36)
Annual cost s/p CABG 2088 (1000–3000) (34)
Annual cost after stroke 37,174 (19,000–56,000) (36)
Annual cost s/p MI 2052 (1000–3000) (14)
a Plausible ranges used in the sensitivity analysis.
b Refer to Table 2 for details on interventions and their costs.
CABG � coronary artery bypass graft; CAD � coronary artery disease; MI � myocardial infarction; s/p � status post; PTCA � percutaneous coronary angioplasty; cTnI � cardiac troponin I.
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of distribution used was influenced by the availability of
information in the relevant source studies. When the
information required to generate appropriate distribu-
tion was not available, we used triangular distribution.
For example, we used �-distribution for probability data
and triangular distribution for the rest of the variables
listed in Table 1. Details of the distributions used for
different variables in the model are available at www.
anesthesia-analgesia.org.

In the present model, we used 10,000 iterations
during Monte Carlo simulation. During each of the
10,000 iterations, different values were randomly and
simultaneously chosen from a wide range of all the
variables generated from their respective distribu-
tions. We constructed a cost-effectiveness acceptability
curve by calculating the average net monetary benefit
for each strategy, i.e., standard care and cTnI surveil-
lance in each simulation over thresholds ranging from
$0 to $100,000 for each QALY gained. The net mon-
etary benefit (�t) is given by the following formula:

�t � �� � QALYt) � Costt,

where � is externally set threshold limit and t is the
treatment strategy. Incremental net monetary benefit
is given by the following formula:

Incremental net benefit � �t1 � �t2,

where t1 is the intervention of interest and t2 is the
comparator (25). We then determined the proportion
of simulations for which cTnI surveillance resulted in
greater net monetary benefit at each cost-effectiveness
threshold.

RESULTS
Our defined search from PubMed database yielded

190 references for troponin in vascular surgery and
613 references for treatment of MI after vascular
surgery.

Baseline Analysis
The results of the model with baseline values are

depicted in Table 3. The ICER value of $12,641/QLAY
implies that cTnI surveillance is cost-effective when
interpreted with threshold value of $50,000/QALY.

One- and Two-Way Sensitivity Analysis
One-way sensitivity analysis revealed that the

model was stable to changes in all the variables except
probability of MI and efficacy of risk-reducing strate-
gies (Fig. 3) with values 0.01 (precisely 0.0100625) and
0.1425, respectively, below which the ICER value
increases beyond $50,000/QALY. One-way sensitivity
analysis at other discount rates, i.e., 0%, 4%, 5%, and 7%
revealed ICER values of $9,365, $13,829, $15,069, and
$17,679, respectively. The Panel on Cost-effectiveness in
Health and Medicine recommended the use of 3% dis-
count rate for baseline analysis and suggested the use of
other discount rates in the range from 0% to 7% in
sensitivity analysis (21). Hence, the ICER values at the
other discount rates are reported as well. Figure 4 shows
the two-way sensitivity analysis of the two critical vari-
ables, i.e., probability of MI and efficacy of risk-reducing
strategies, identified during one-way sensitivity analysis.
The results of two-way sensitivity analysis depict a
complex interaction of the two variables.

Probabilistic Sensitivity Analysis
This analysis examines the model by estimating

the percent of trials that would be favorable at
progressively increasing cost-effectiveness thresh-
olds. At a cost-effectiveness level of zero, the least
expensive strategy will always be selected. As we
increased the cost-effectiveness threshold, i.e., soci-
ety’s willingness to pay for improved quality and
quantity of life, the cTnI surveillance strategy be-
came progressively more attractive. In other words,
the percentage of trials expected to have favorable
cost-effectiveness for the cTnI surveillance strategy

Table 2. Details of Interventions and Their Costs in Patients With Increased Cardiac Troponin I (cTnI)

Item component Cost per day
Duration and time

of interventiona Total cost References
DRG122 in the ICUb $2520 5 d (Day 1 to Day 5) $12,600 (33)
Esmolol (maximum dose 300

�gm � kg�1 � min�1
$255.37 2 d (Day 1 to Day 2) $510.74 Red bookc

Oral metoprolol 100 mg
twice daily

$2.08 2 d (Day 3 to Day 4) $4.16 Red book

Oral metoprolol 50 mg twice
daily

$1.04 7 d (Day 5 to Day 11) $7.28 Red book

Grand cost $13,145.46
a Time implies time from first increase in cTnI concentrations �1.5 ng/mL.
b DRG 122 � circulatory disorders with acute myocardial infarction without major complications discharged alive; ICU � intensive care unit.
c Red book (2005). Lists whole sale costs for the year 2005. The drug costs as shown are the costs when converted to 2003 US$. Cost of esmolol was computed considering a 70-kg individual.

Table 3. Results of the Model With Baseline Values

Strategy

Direct
medical

costs QALYs
ICER

(cost/QALY)
Standard care $27,964 10.4577
cTnI surveillance $29,639 10.5902 $12,641
ICER � incremental cost-effectiveness ratio; QALY � quality-adjusted life year.
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increased progressively (Fig. 5). For example, at a
cost-effectiveness threshold of $25,000 per QALY,
the cTnI surveillance was favored in 58.65% of
simulations. The cTnI surveillance was favored in
90.75% of simulations at a threshold of $50,000 per

QALY. The data values from the distributions that
were randomly and simultaneously chosen during
each iteration of the first 500 of the 10,000 simula-
tions are available at www.anesthesia-analgesia.
org.

Figure 3. One-way sensitivity analysis graphs on probability of myocardial infarction (MI) and efficacy of MI risk-reducing
strategies. The horizontal dotted line represents the threshold for cost-effectiveness, i.e., $50,000 per quality-adjusted life year
(QALY) gained. The critical values for probability of MI and efficacy of risk-reducing strategies below the ICER value
increases beyond the threshold, i.e., troponin surveillance strategy loses cost-effectiveness, were 0.01 (precisely 0.0100625) and
0.1425, respectively. ICER � incremental cost-effectiveness ratio.

Figure 4. Two-way sensitivity analysis
on efficacy of myocardial infarction (MI)
risk-reducing strategies and different
values of previous probability of MI.
The x axis represents the previous prob-
ability of MI and five values for efficacy,
i.e., 0.1, 0.3, 0.5, 0.7, and 0.9 were exam-
ined. The results depict the complex
interaction of the two variables. The
present study used 0.55 as a baseline
estimate for the efficacy. ICER � incre-
mental cost-effectiveness ratio; MI �
myocardial infarction.

Figure 5. Cost-effectiveness acceptability curve based on the output of 10,000-simulation Monte Carlo analysis comparing
cardiac troponin I (cTnI) surveillance with standard care. The y axis depicts the proportion of trials for which cTnI surveillance
resulted in net monetary benefit rather than standard care. QALY � quality-adjusted life year.
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DISCUSSION
PMI is associated with increased resource utilization

and the consequent financial implications (38). Further-
more, nonfatal PMI is associated with increased inci-
dence of cardiovascular events and reduced long-term
survival (7,18,43). Research in the past decade has fo-
cused on preoperative risk stratification and preparation,
including prophylactic coronary revascularization strat-
egies (1,2,26). One randomized study indicates that pre-
operative revascularization does not significantly im-
prove immediate or long-term survival (3). Another
study suggested that cardiac testing could safely be
omitted in intermediate-risk patients, provided that
�-blockers aiming at tight heart rate control are pre-
scribed (4). Furthermore, a recent study found that a
negative dobutamine stress echocardiography does
not eliminate occurrence of postoperative myocardial
necrosis, as detected by routine surveillance by cTnI
up to the third postoperative day (6). Therefore,
improved detection of MI with better surveillance
may identify patients who would benefit from further
management or improved perioperative management.
The traditional biochemical marker for myocardial
ischemic events, CPK-MB, is associated with high false
positive rates in patients undergoing vascular surgery
(44). In practical terms, the type of troponin that is
used for surveillance, cTnI or cTnT is of little concern,
as both have similar diagnostic and risk stratification
capabilities (45,46).

Using a standard threshold value for cost-
effectiveness ratio, i.e., $50,000/QALY gained, our
analysis indicated that routine surveillance on Days 0,
1, 2, and 3 is cost-effective in patients aged 65 yr and
older with intermediate cardiac risk and who are
undergoing abdominal aortic surgery. The cost value
of $50,000 is comparable to the annual cost of renal
dialysis and commonly funded interventions are
based on that threshold value. The same standard
threshold value is also applicable in decision analytic
cost-effectiveness models related to cardiovascular
medicine (36,42). In addition, the current analysis
indicated that probability of PMI and efficacy of inter-
ventions after cTnI surveillance are the key factors de-
termining the cost-effectiveness of cTnI surveillance. We
believe that identification of such key factors could help
us in planning future research on the subject.

The role of prolonged, stress-induced, ST-depression-
type ischemia in the pathogenesis PMI after vascular
surgery is well established (8). In the terminology of
“early” PMI and “delayed” PMI (11), the latter consti-
tutes about 60% of PMIs. The delayed type is linked to
prolonged ischemia and is more amenable to control
with �-blocker therapy. The delayed pattern of PMI is
consistent with previous findings that discovered a
clear association between postoperative myocardial
ischemia and PMI (47). As observed in this study, the
relative effectiveness of interventions represents the
“driver” for cost-effectiveness (48). We used the data

from Raby et al.’s study (16) for efficacy because their
study closely matches the scenario of the present
model, i.e., intervention after ischemia is detected in
the postoperative period. Nevertheless, the difference
between the two is important. Whereas Raby et al.
monitored ischemia by Holter monitoring of ST-
segment depression, the present model relied on cTnI
surveillance. Raby et al. used esmolol infusion for 48 h
with an aim to restore heart rate to 20% below the
ischemic threshold or absolute minimum of 60 bpm.
To offer more protection, as suggested by recent data
(4,5), the present model attempted to model tight
control of heart rate on Days 3 and 4 in the ICU and
usual doses of �-blocker until the patient is discharged
from the hospital. It may be noted that the use of the
efficacy value of 0.55 obtained from Raby et al.’s study
as opposed to higher efficacy value of 0.755 obtained
from Polderman et al.’s study of “tight heart rate
control ” strategy (5) makes our model conservative,
and biases against the cost-effectiveness of the cTnI
surveillance strategy. A related study that used con-
tinuous Holter monitoring showed a 50% reduction
(i.e., efficacy of 0.5) of myocardial ischemia in
atenolol-treated group during the first 48 h after
surgery (49). That study, however, did not exclusively
include patients undergoing vascular surgery.

The results of this model must be interpreted in the
light of recent data indicating lack of encouraging
results with regard to �-blockers in preventing cardiac
events after vascular surgery (50,51). The new defini-
tion of MI requires the increase and decrease of
biochemical markers of myocardial necrosis, together
with one of the after clinical and electrocardiogram
(ECG) criteria: ischemic symptoms, development of
pathologic Q waves, ischemic ECG changes, or a
coronary intervention (52,53). It may be noted that
cTnI cutoff values for diagnosis of myocardial injury
are highly variable depending upon the type of assay
(53). The present study attempted to evaluate a
scenario of intervention at cTnI level �1.5 ng/mL
(Dade-Behring Stratus, Paris, France) independent of
development of the other criteria. In other words,
interventions are intended to limit progression to
definite MI. Such a scenario is obviously different
from studies that used conventional doses of
�-blockers routinely starting from the preoperative
period and continued to the postoperative period with
a primary aim of prevention of adverse cardiac out-
comes (50,51,54).

The need and duration of ICU management with
coronary care must be noted. In the present context,
coronary care implies continuous heart rate monitor-
ing with ECG, frequent arterial blood pressure moni-
toring, administration of antianginal medications
when required, and related coronary care. Adminis-
tration of �-blockers alone might not be sufficient for
postoperative risk reduction (5). The postoperative
state after abdominal aortic surgery is associated with
rapid changes in intravascular volume status and
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therefore requires constant monitoring of heart rate
and arterial blood pressure to maximize the benefits
and minimize the side effects of therapy intended for
tight heart rate control. Beta-blocker therapy in the
presence of hypovolemia results in a catastrophic
decrease in arterial blood pressure. To maximize the
benefits of therapy for both early and delayed PMI,
the 5-day duration period of monitoring and therapy
was used in the present model. A recent study found
the incremental duration of ICU stay for those suffer-
ing perioperative ischemic events to be 3.7 days (38).
Given the aggressive treatment with tight control of
heart rate in the present model, our assumption of
longer duration of ICU stay may not be unreasonable.

Sensitivity analysis is another important issue that
needs consideration in decision analytic models.
Lower ranges used for MI and the efficacy of the
interventions need to be considered in the present
context as values below 0.01 and 0.1425, respectively,
were found to be critical. Among noncardiac surgical
procedures, aortic surgery is a high-risk category and
probability of MI �0.01 has not been reported (26).
Although institutional factors do play a role, it would
be unlikely for interventions evaluated in the model to
have an efficacy less than the threshold value in any
standard center. Deviation of 50% on each direction
from the baseline value of cost data during sensitivity
analysis is acceptable (42). Probabilistic sensitivity
analysis is an effective means of handling uncertainty
in cost-effectiveness models (40). Probabilistic sensi-
tivity analysis involves specifying distributions for
model parameters to represent uncertainty in their
assumption and using Monte Carlo simulation to
select values at random from those distributions. In
other words, probabilistic models allow the effects of
joint uncertainty across all the parameters of the model.
Thus, the standard probabilistic sensitivity analysis is
essentially Bayesian in nature (40,48). Hence, represent-
ing uncertainty with a cost-effectiveness acceptability
curve may seem justified. The curve, which directly
addresses the decision-making problem, has advantages
over confidence interval estimation for ICERs (25).

Perspective for analysis is an important component
in cost-effectiveness analyses (21). This could include
the health care system perspective, third-party payer,
or societal perspective, i.e., regardless of who pays. In
the present model, where available, we used Medicare
reimbursement costs to reflect cost to society. Ideally,
when the analysis is performed with societal perspec-
tive, the costs should also include indirect cost such as
cost of loss of income (lost productivity) due to illness
or death. Since the target population belongs to the
age group of 65 yr with peripheral vascular disease,
failure to include such indirect costs are unlikely to
affect the overall model output. Even if one incorpo-
rates such data in the present model, the cTnI surveil-
lance strategy is likely to be more cost effective, as
early management helps in decreasing the long-term
cardiac events that would result in lost productivity.

Indirectly, the perspective for analysis could be in-
ferred as “social perspective.”

Limitations
cTnI surveillance has the additional advantage of

having quantitative prognostic value both for short-
term and long-term events (17,18). However, this
model does not consider differential morbidity and
mortality rates both in the short-term and long-term as
a function of different levels of troponin. Such mod-
eling was beyond the scope of this study. Among
patients undergoing abdominal aortic aneurysm re-
pair, major correlates of in-hospital costs are the
number of days spent in ICU and the total number of
days spent in the hospital (55), which in turn could be
influenced by patient comorbid conditions (56). Gen-
der can also influence outcome after abdominal aortic
aneurysm repair (57). Furthermore, there could be a
confounding effect of conditions other than acute
coronary syndromes in the interpretation of cTnI
results. Conditions such as sepsis, hypovolemia, atrial
fibrillation, CHF, pulmonary embolism, myocarditis,
myocardial contusion, and renal failure can be associ-
ated with an increase in troponin level (58). Of those
conditions, CHF and renal failure are of particular
interest in patients undergoing abdominal aortic vas-
cular surgery. This analysis is limited by lack of
subgroup analysis to determine the role of gender or
patient comorbid conditions in the cost-effectiveness
of the strategy in question. When modeling the future
surgical coronary revascularization, this analysis did
not differentiate between conventional on-pump CABG
and that of off-pump beating heart surgery. However, a
meta-analysis suggests that the results of both surgical
techniques are comparable with regard to short-term
and midterm outcomes (59,60). The ultimate limitation
of our study is that the results are based on outcomes
and evidence from “other” studies, as is the case with
any decision analytic models that use published data.

Finally, statins have shown to be beneficial in
prevention of perioperative cardiovascular complica-
tions after vascular surgery (61). Specifically, their
effects include stabilization of vulnerable plaques and
improvement in endothelial function that are indepen-
dent of lipid-decreasing effects. Ideally, the statin
therapy is initiated at least 3 wk before surgery and
continued postoperatively. The exact role and neces-
sary timing of statin therapy being initiated in the
setting of increasing cTnI levels in the postoperative
setting is not clearly known. Therefore, the effects of
statin therapy were not incorporated in the present
model.

In summary, our decision analysis model suggests
that, in patients presenting for elective open abdomi-
nal aortic surgery, intensive surveillance with cTnI
and early institution of treatment is cost-effective
when interpreted by comparing with published ICERs
for commonly funded interventions. We believe that
the results of our study could be used to plan future
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research on the subject in a prospective design. In
particular, the key factors that have cost-effectiveness
of cardiac troponin surveillance identified in this study,
i.e., probability of PMI and efficacy of interventions after
surveillance, could be helpful in that regard.

REFERENCES

1. Mantha S, Roizen MF, Barnard J, Thisted RA, Ellis JE, Foss J.
Relative effectiveness of four preoperative tests for predicting
adverse cardiac outcomes after vascular surgery: a meta-
analysis. Anesth Analg 1994;79:422–33

2. Kertai MD, Boersma E, Bax JJ, Heijenbrok-Kal MH, Hunink MG,
L’Talien G J, Roelandt JR, van Urk H, Poldermans D. A
meta-analysis comparing the prognostic accuracy of six diag-
nostic tests for predicting perioperative cardiac risk in patients
undergoing major vascular surgery. Heart 2003;89:1327–34

3. McFalls EO, Ward HB, Moritz TE, Goldman S, Krupski WC,
Littooy F, Pierpont G, Santilli S, Rapp J, Hattler B, Shunk K,
Jaenicke C, Thottapurathu L, Ellis N, Reda DJ, Henderson WG.
Coronary-artery revascularization before elective major vascu-
lar surgery. N Engl J Med 2004;351:2795–804

4. Poldermans D, Bax JJ, Schouten O, Neskovic AN, Paelinck B,
Rocci G, van Dortmont L, Durazzo AE, van de Ven LL, van
Sambeek MR, Kertai MD, Boersma E. Should major vascular
surgery be delayed because of preoperative cardiac testing in
intermediate-risk patients receiving beta-blocker therapy with
tight heart rate control? J Am Coll Cardiol 2006;48:964–9

5. Feringa HH, Bax JJ, Boersma E, Kertai MD, Meij SH, Galal W,
Schouten O, Thomson IR, Klootwijk P, van Sambeek MR, Klein
J, Poldermans D. High-dose beta-blockers and tight heart rate
control reduce myocardial ischemia and troponin T release in
vascular surgery patients. Circulation 2006;114:I344–9

6. Raux M, Godet G, Isnard R, Mergoni P, Goarin JP, Bertrand M,
Fleron M, Coriat P, Riou B. Low negative predictive value of
dobutamine stress echocardiography before abdominal aortic
surgery. Br J Anaesth 2006;97:770–6

7. Yeager RA, Moneta GL, Edwards JM, Taylor LM Jr, McConnell
DB, Porter JM. Late survival after perioperative myocardial
infarction complicating vascular surgery. J Vasc Surg 1994;
20:598–604; discussion 604–6

8. Landesberg G, Mosseri M, Zahger D, Wolf Y, Perouansky M,
Anner H, Drenger B, Hasin Y, Berlatzky Y, Weissman C.
Myocardial infarction after vascular surgery: the role of pro-
longed stress-induced, ST depression-type ischemia. J Am Coll
Cardiol 2001;37:1839–45

9. Barbagallo M, Casati A, Spadini E, Bertolizio G, Kepgang L,
Tecchio T, Salcuni P, Rolli A, Orlandelli E, Rossini E, Fanelli G.
Early increases in cardiac troponin levels after major vascular
surgery is associated with an increased frequency of delayed
cardiac complications. J Clin Anesth 2006;18:280–5

10. Martinez EA, Nass CM, Jermyn RM, Rosenbaum SH, Akhtar S,
Chan DW, Malkus H, Weiss JL, Fleisher LA. Intermittent cardiac
troponin-I screening is an effective means of surveillance for a
perioperative myocardial infarction. J Cardiothorac Vasc
Anesth 2005;19:577–82

11. Le Manach Y, Perel A, Coriat P, Godet G, Bertrand M, Riou B.
Early and delayed myocardial infarction after abdominal aortic
surgery. Anesthesiology 2005;102:885–91

12. Bavry AA, Kumbhani DJ, Rassi AN, Bhatt DL, Askari AT.
Benefit of early invasive therapy in acute coronary syndromes:
a meta-analysis of contemporary randomized clinical trials.
J Am Coll Cardiol 2006;48:1319–25

13. Eagle KA, Lau WC. Any need for preoperative cardiac testing in
intermediate-risk patients with tight beta-adrenergic blockade?
J Am Coll Cardiol 2006;48:970–2

14. Polanczyk CA, Kuntz KM, Sacks DB, Johnson PA, Lee TH.
Emergency department triage strategies for acute chest pain
using creatine kinase-MB and troponin I assays: a cost-
effectiveness analysis. Ann Intern Med 1999;131:909–18

15. Fleisher LA. Strategies to reduce cardiac risk in noncardiac
surgery: where are we in 2005? Anesthesiology 2005;102:881–2

16. Raby KE, Brull SJ, Timimi F, Akhtar S, Rosenbaum S, Naimi C,
Whittemore AD. The effect of heart rate control on myocardial
ischemia among high-risk patients after vascular surgery.
Anesth Analg 1999;88:477–82

17. Kim LJ, Martinez EA, Faraday N, Dorman T, Fleisher LA, Perler
BA, Williams GM, Chan D, Pronovost PJ. Cardiac troponin I
predicts short-term mortality in vascular surgery patients. Cir-
culation 2002;106:2366–71

18. Landesberg G, Shatz V, Akopnik I, Wolf YG, Mayer M,
Berlatzky Y, Weissman C, Mosseri M. Association of cardiac
troponin, CK-MB, and postoperative myocardial ischemia with
long-term survival after major vascular surgery. J Am Coll
Cardiol 2003;42:1547–54

19. Sonnenberg FA, Beck JR. Markov models in medical decision
making: a practical guide. Med Decis Making 1993;13:322–38

20. Sonneberg F, Wong J. Fine tuning Markov models for life-
expectancy calculations. Med Decis Making 1993;13:170–2

21. Weinstein MC, Siegel JE, Gold MR, Kamlet MS, Russell LB.
Recommendations of the panel on cost-effectiveness in health
and med. JAMA 1996;276:1253–8

22. Eagle KA, Rihal CS, Foster ED, Mickel MC, Gersh BJ. Long-term
survival in patients with coronary artery disease: importance of
peripheral vascular disease. The Coronary Artery Surgery
Study (CASS) Investigators. J Am Coll Cardiol 1994;23:1091–5

23. Doubilet P, Begg CB, Weinstein MC, Braun P, McNeil BJ.
Probabilistic sensitivity analysis using Monte Carlo simulation.
A practical approach. Med Decis Making 1985;5:157–77

24. Jonsson B. Changing health environment: the challenge to
demonstrate cost-effectiveness of new compounds. Pharmaco-
economics 2004;22:5–10

25. Fenwick E, Claxton K, Sculpher M. Representing uncertainty:
the role of cost-effectiveness acceptability curves. Health Econ
2001;10:779–87

26. Eagle KA, Berger PB, Calkins H, Chaitman BR, Ewy GA,
Fleischmann KE, Fleisher LA, Froehlich JB, Gusberg RJ, Leppo
JA, Ryan T, Schlant RC, Winters WL, Gibbons RJ, Antman EM,
Alpert JS, Faxon DP, Fuster V, Gregoratos G, Jacobs AK,
Hiratzka LF, Russell RO, Smith SC. ACC/AHA guideline
update for perioperative cardiovascular evaluation for noncar-
diac surgery-executive summary. A report of the American
College of Cardiology/American Heart Association Task Force
on Practice Guidelines (Committee to Update the 1996 Guide-
lines on Perioperative Cardiovascular Evaluation for Noncar-
diac Surgery) (1)(2)(3). J Am Coll Cardiol 2002;39:542–53

27. Dacey LJ, Likosky DS, Leavitt BJ, Lahey SJ, Quinn RD, Hernandez
F Jr, Quinton HB, Desimone JP, Ross CS, O’Connor GT. Perioper-
ative stroke and long-term survival after coronary bypass graft
surgery. Ann Thorac Surg 2005;79:532–6; discussion 537

28. Kertai MD, Boersma E, Klein J, Van Urk H, Bax JJ, Poldermans
D. Long-term prognostic value of asymptomatic cardiac tropo-
nin T elevations in patients after major vascular surgery. Eur J
Vasc Endovasc Surg 2004;28:59–66

29. Gold MR, Franks P, McCoy KI, Fryback DG. Toward consis-
tency in cost-utility analyses: using national measures to create
condition-specific values. Med Care 1998;36:778–92

30. Yin D, Carpenter JP. Cost-effectiveness of screening for asymp-
tomatic carotid stenosis. J Vasc Surg 1998;27:245–55

31. Cohen DJ, Breall JA, Ho KK, Kuntz RE, Goldman L, Baim DS,
Weinstein MC. Evaluating the potential cost-effectiveness of stenting
as a treatment for symptomatic single-vessel coronary disease. Use of
a decision-analytic model. Circulation 1994;89:1859–74

32. Fleisher LA, Corbett W, Berry C, Poldermans D. Cost-effectiveness
of differing perioperative beta-blockade strategies in vascular
surgery patients. J Cardiothorac Vasc Anesth 2004;18:7–13

33. Cooper LM, Linde-Zwirble WT. Medicare intensive care unit
use: analysis of incidence, cost, and payment. Crit Care Med
2004;32:2247–53

34. Puskas JD, Williams WH, Mahoney EM, Huber PR, Block PC,
Duke PG, Staples JR, Glas KE, Marshall JJ, Leimbach ME,
McCall SA, Petersen RJ, Bailey DE, Weintraub WS, Guyton RA.
Off-pump vs conventional coronary artery bypass grafting:
early and 1-year graft patency, cost, and quality-of-life out-
comes: a randomized trial. JAMA 2004;291:1841–9

35. Neil N, Ramsey SD, Cohen DJ, Every NR, Spertus JA, Weaver
WD. Resource utilization, cost, and health status impacts of
coronary stent versus “optimal” percutaneous coronary angio-
plasty: results from the OPUS-I trial. J Interv Cardiol 2002;
15:249–55

36. Schleinitz MD, Heidenreich PA. A cost-effectiveness analysis of
combination antiplatelet therapy for high-risk acute coronary
syndromes: clopidogrel plus aspirin versus aspirin alone. Ann
Intern Med 2005;142:251–9

Vol. 105, No. 5, November 2007 © 2007 International Anesthesia Research Society 1355



37. Naglie G, Krahn MD, Naimark D, Redelmeier DA, Detsky AS.
Primer on medical decision analysis: Part 3–Estimating prob-
abilities and utilities. Med Decis Making 1997;17:136–41

38. Mackey WC, Fleisher LA, Haider S, Sheikh S, Cappelleri JC, Lee
WC, Wang Q, Stephens JM. Perioperative myocardial ischemic
injury in high-risk vascular surgery patients: Incidence and
clinical significance in a prospective clinical trial. J Vasc Surg
2006;43:533–8

39. Nixon RM, Thompson SG. Parametric modelling of cost data in
medical studies. Stat Med 2004;23:1311–31

40. Briggs AH. Handling uncertainty in cost-effectiveness models.
Pharmacoeconomics 2000;17:479–500

41. Briggs AH, Goeree R, Blackhouse G, O’Brien BJ. Probabilistic
analysis of cost-effectiveness models: choosing between treat-
ment strategies for gastroesophageal reflux disease. Med Decis
Making 2002;22:290–308

42. Pignone M, Earnshaw S, Tice JA, Pletcher MJ. Aspirin, statins, or
both drugs for the primary prevention of coronary heart disease
events in men: a cost-utility analysis. Ann Intern Med
2006;144:326–36

43. Back MR, Leo F, Cuthbertson D, Johnson BL, Shamesmd ML,
Bandyk DF. Long-term survival after vascular surgery: specific
influence of cardiac factors and implications for preoperative
evaluation. J Vasc Surg 2004;40:752–60

44. Graeber GM, Clagett GP, Wolf RE, Cafferty PJ, Harmon JW,
Rich NM. Alterations in serum creatine kinase and lactate
dehydrogenase. Association with abdominal aortic surgery,
myocardial infarction and bowel necrosis. Chest 1990;97:521–7

45. Heidenreich PA, Alloggiamento T, Melsop K, McDonald KM,
Go AS, Hlatky MA. The prognostic value of troponin in patients
with non-ST elevation acute coronary syndromes: a meta-
analysis. J Am Coll Cardiol 2001;38:478–85

46. Lucreziotti S, Foroni C, Fiorentini C. Perioperative myocardial
infarction in noncardiac surgery: the diagnostic and prognostic
role of cardiac troponins. J Intern Med 2002;252:11–20

47. 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 non-
cardiac surgery. The Study of Perioperative Ischemia Research
Group. N Engl J Med 1990;323:1781–8

48. Ades AE, Sculpher M, Sutton A, Abrams K, Cooper N, Welton
N, Lu G. Bayesian methods for evidence synthesis in cost-
effectiveness analysis. Pharmacoeconomics 2006;24:1–19

49. Wallace A, Layug B, Tateo I, Li J, Hollenberg M, Browner W,
Miller D, Mangano DT. Prophylactic atenolol reduces postop-
erative myocardial ischemia. McSPI Research Group. Anesthe-
siology 1998;88:7–17

50. Brady AR, Gibbs JS, Greenhalgh RM, Powell JT, Sydes MR.
Perioperative beta-blockade (POBBLE) for patients undergoing
infrarenal vascular surgery: results of a randomized double-
blind controlled trial. J Vasc Surg 2005;41:602–9

51. Yang H, Raymer K, Butler R, Parlow J, Roberts R. The effects of
perioperative beta-blockade: results of the Metoprolol after
Vascular Surgery (MaVS) study, a randomized controlled trial.
Am Heart J 2006;152:983–90

52. Alpert JS, Thygesen K, Antman E, Bassand JP. Myocardial
infarction redefined—a consensus document of The Joint Eur
Society of Cardiology/American College of Cardiology Com-
mittee for the redefinition of myocardial infarction. J Am Coll
Cardiol 2000;36:959–69

53. Panteghini M. The new definition of myocardial infarction and
the impact of troponin determination on clinical practice. Int
J Cardiol 2006;106:298–306

54. Fleisher LA, Beckman JA, Brown KA, Calkins H, Chaikof E,
Fleischmann KE, Freeman WK, Froehlich JB, Kasper EK,
Kersten JR, Riegel B, Robb JF, Smith SC Jr, Jacobs AK, Adams
CD, Anderson JL, Antman EM, Faxon DP, Fuster V, Halperin JL,
Hiratzka LF, Hunt SA, Lytle BW, Nishimura R, Page RL, Riegel
B. ACC/AHA 2006 guideline update on perioperative cardio-
vascular evaluation for noncardiac surgery: focused update on
perioperative beta-blocker therapy: a report of the American
College of Cardiology/American Heart Association Task Force
on Practice Guidelines (Writing Committee to Update the 2002
Guidelines on Perioperative Cardiovascular Evaluation for
Noncardiac Surgery) developed in collaboration with the
American Society of Echocardiography, American Society of
Nuclear Cardiology, Heart Rhythm Society, Society of Cardio-
vascular Anesthesiologists, Society for Cardiovascular Angiog-
raphy and Interventions, and Society for Vascular Med and
Biology. J Am Coll Cardiol 2006;47:2343–55

55. Benzaquen BS, Eisenberg MJ, Challapalli R, Nguyen T, Brown
KJ, Topol EJ. Correlates of in-hospital cost among patients
undergoing abdominal aortic aneurysm repair. Am Heart J
1998;136:696–702

56. Pronovost PJ, Jenckes MW, Dorman T, Garrett E, Breslow MJ,
Rosenfeld BA, Lipsett PA, Bass E. Organizational characteristics
of intensive care units related to outcomes of abdominal aortic
surgery. JAMA 1999;281:1310–17

57. Stenbaek J, Granath F, Swedenborg J. Outcome after abdominal
aortic aneurysm repair. Difference between men and women.
Eur J Vasc Endovasc Surg 2004;28:47–51

58. Jeremias A, Gibson CM. Narrative review: alternative causes for
elevated cardiac troponin levels when acute coronary syn-
dromes are excluded. Ann Intern Med 2005;142:786–91

59. Reston JT, Tregear SJ, Turkelson CM. Meta-analysis of short-
term and mid-term outcomes following off-pump coronary
artery bypass grafting. Ann Thorac Surg 2003;76:1510–15

60. Cheng DC, Bainbridge D, Martin JE, Novick RJ. Does off-pump
coronary artery bypass reduce mortality, morbidity, and re-
source utilization when compared with conventional coronary
artery bypass? A meta-analysis of randomized trials. Anesthe-
siology 2005;102:188–203

61. Schouten O, Bax JJ, Dunkelgrun M, Feringa HH, van Urk H,
Poldermans D. Statins for the prevention of perioperative
cardiovascular complications in vascular surgery. J Vasc Surg
2006;44:419–24

1356 Cost-Effectiveness of Postoperative Cardiac Troponin Surveillance ANESTHESIA & ANALGESIA


