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Abstract

Background:

The Timing of Intervention in Acute Coronary Syndromes (TIMACS) trial demonstrated that early invasive

intervention (within 24 hours) was similar to a delayed approach (after 36 hours) overall but improved

outcomes were seen in patients at high risk. However, the cost implications of an early versus delayed

invasive strategy are unknown.

Methods and results:

A third-party perspective of direct cost was chosen and United States Medicare costs were calculated using

average diagnosis related grouping (DRG) units. Direct medical costs included those of the index

hospitalization (including clinical, procedural and hospital stay costs) as well as major adverse cardiac

events during 6 months of follow-up. Sensitivity and sub-group analyses were performed. The average total

cost per patient in the early intervention group was lower compared with the delayed intervention group

(�$1170; 95% CI �$2542 to $202). From the bootstrap analysis (5000 replications), the early invasive

approach was associated with both lower costs and better clinical outcomes regarding death/myocardial

infarction (MI)/stroke in 95.1% of the cases (dominant strategy). In high-risk patients (GRACE score�141),

the net reduction in cost was greatest (�$3720; 95% CI�$6270 to�$1170). Bootstrap analysis revealed

99.8% of cases were associated with both lower costs and better clinical outcomes (death/MI/stroke).

Limitations:

We were unable to evaluate the effect of community care and investigations without hospitalization (office

visits, non-invasive testing, etc). Medication costs were not captured. Indirect costs such as loss of

productivity and family care were not included.

Conclusions:

An early invasive management strategy is as effective as a delayed approach and is likely to be less costly in

most patients with acute coronary syndromes.

Introduction

Although an invasive management strategy for acute coronary syndromes
(ACS) without ST-segment elevation is superior to conservative manage-
ment1,2, the optimal timing of such therapy has been a matter of debate. This
question was recently evaluated in the multinational Timing of Intervention in
Acute Coronary Syndromes (TIMACS) study, where an early invasive strategy
did not differ greatly from a delayed approach in preventing the primary outcome
of death from any cause, myocardial infarction (MI), or stroke at 6 months3.
However, an early invasive strategy appeared to be superior in higher-risk
patients (GRACE risk score �141)3.

Given these data, the cost implications of an early versus delayed invasive
management strategy is important to evaluate. Efficient use of scarce healthcare
resources has become vital in maintaining affordable medical care. It is possible
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that there are lower costs associated with the early invasive
strategy, due to a shorter duration of hospitalization and
fewer cases of refractory ischemia. On the other hand, an
early invasive strategy may lead to a greater number of
procedures performed given the higher thrombotic
burden of plaque which may offset its cost advantage in
favor of the delayed approach. Accordingly, we performed
a cost analysis of early versus delayed coronary angiography
in ACS based on the results from the TIMACS study to
determine if one strategy favors the other when costs are
considered in the context of the results of the clinical trial.

Methods

Clinical trial

The TIMACS trial was a randomized, parallel-group, mul-
ticenter study performed from April 2003 through June
2008 with 650 patients from North America, 442 patients
from South America, 1065 patients from Europe, 846
patients from Asia and 28 patients from Australia. The
design and main results of the TIMACS study have been
published3. Eligible patients presenting to the hospital
with unstable angina or myocardial infarction without
ST-segment elevation within 24 hours from symptom
onset had to have two of the three following high-risk
criteria: age 60 years or older, elevated cardiac biomarkers
above the upper limit of normal, or electrocardiogram
changes consistent with ischemia (ST-segment depression

of �1 mm or transient ST-segment elevation or T-wave
inversion of43 mm). Patients not eligible for an invasive
strategy were excluded. Of the 3031 patients enrolled,
1593 were randomized to the early invasive group on
whom coronary angiography was performed within
24 hours (median time of 14 hours). The remaining
1438 patients were randomized to the delayed invasive
group on whom coronary angiography was performed at a
minimum of 36 hours (median time 50 hours).

Revascularization was attempted in the two groups if at
least one coronary stenosis considered hemodynamically
significant was suitable for intervention. Clinical follow-
up occurred over 6 months. All patients received conven-
tional therapy regardless of treatment allocation.
Treatments included aspirin, ADP-receptor antagonists,
beta blockers, angiotensin converting enzyme (ACE)
inhibitors and statin therapy. All cost comparisons are
based solely on an early versus delayed invasive strategy.
Results of the TIMACS study are shown in Table 1.

Study perspective

This analysis is from the perspective of a third party payer,
where all direct costs are recorded and indirect costs were
not evaluated.

Cost analysis and healthcare utilization

Costs were estimated by multiplying counts of resource
use by price weights derived from a similar population of

Table 1. Summary of the TIMACS trial at 6 months.

Early Intervention (n¼ 1593) Delayed Intervention (n¼ 1438) Hazard Ratio (95% CI)

Clinical outcome
Primary outcome* (%) 9.6 11.3 0.85 (0.68–1.06)
Primary outcome (GRACE �140) (%) 13.9 21.0 0.65 (0.48–0.89)
Primary outcome (GRACE5140) (%) 7.6 6.7 1.12 (0.81–1.56)
Death (%) 4.8 5.9 0.81 (0.60–1.11)
New MI (%) 4.8 5.7 0.83 (0.61–1.14)
Stroke (%) 1.3 1.4 0.90 (0.49–1.68)
Refractory ischemia (%) 1.0 3.3 0.30 (0.17–0.54)
Rehospitalization for unstable angina (%) 1.0 0.9 1.12 (0.53–2.40)
Non-fatal cardiac arrest (%) 0.8 1.3 0.60 (0.29–1.25)
Heart failure (%) 5.3 5.7 0.93 (0.69–1.26)
Intervention
PCI (%) 60.1 55.8 1.37 (1.24–1.50)

Median time (hrs) 16 52
Interquartile range (hrs) 3–23 41–101

CABG (%) 16.2 15.5 1.07 (0.90–1.29)
Median time (days) 7.8 10.8
Interquartile range (days) 4.7–17.4 6.7–19.8

CABGþ PCI (%) 1.6 1.8 0.90 (0.53–1.56)
Safety outcome

Major bleeding (%) 3.1 3.5 0.89 (0.60–1.31)
Duration in hospital
Index hospital stay (days) (median, IR) 7 (4–10) 8 (5–12) N/A
Total hospital stay (days) (median, IR) 7 (5–14) 9 (6–15) N/A

*Death, myocardial infarction, stroke at 6 months.
MI¼myocardial infarction; PCI¼ percutaneous coronary intervention; CABG¼ coronary artery bypass grafting; IR¼ interquartile range; N/A¼ not
applicable.
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patients in the United States. Costs are reported in United
States dollars (USD 2008). No annual discount rate was
required given the 6 month duration of the study.

Detailed hospitalization data were prospectively col-
lected on the study case report forms for all patients
enrolled in the study. Information regarding indication
for hospitalization, in-hospital events, diagnostic/thera-
peutic procedures and length of stay were reported.
During the initial hospitalization, a diagnosis-related
group (DRG) was assigned based on each diagnosis or pro-
cedure noted on the case report forms. Costs were assigned
based on the Medicare reimbursement rates per DRG code
using national averages from the schedule of benefits for
the Medicare system (MEDPAR 20084). Physician costs
were estimated according to the DRG-specific ratio of
physician reimbursement to hospital costs and were
included in the unit cost estimate5–7 (Table 2).

Hospital costs primarily consisted of three components:
clinical event, procedural and hospital stay costs8. While
DRG-based costs are valuable estimates of clinical event
costs (medical conditions and procedures), they are
insensitive to hospital stay costs during hospitalization.
Since the ‘hotel portion’ of hospital stay costs are broadly
constant over the length of stay8 separate costs were
assigned to reflect the hospital stay costs per day
(Table 2). These hospital stay costs were based on prior
published cost analysis of similar United States patients
(Duke Transition One cost-accounting system) which
report room and monitoring costs of $624 per day in hos-
pital, assuming the lowest ratio of nurses to patients (1:6)
and providing a conservative estimate9. These costs
were adjusted to year 2008 values using the medical care
proportion of the consumer price index resulting in $869
per day.

The primary economic endpoint was to evaluate the
cost implication of an early versus delayed invasive

strategy over a 6 month interval, which included the
index hospitalization and repeat hospitalization events.
Community care and outpatient investigations, non-inva-
sive procedures and medications were not collected in the
trial and were not used in this study. The study was
approved by the local institutional review board.
Informed written consent was obtained from each patient
and the study protocol conforms to the ethical guidelines
of the 1975 Declaration of Helsinki.

Statistical analysis

Descriptive statistics were summarized as medians with
25th and 75th percentiles for continuous variables and
the Mann–Whitney U test or Kruskal–Wallis H test was
used for group comparisons where appropriate. For categor-
ical variables, the data were summarized in percentages
and chi-square or Fisher’s exact test was used to assess
group differences where appropriate. Unit costs were
applied to cost hospital utilization data of each patient
enrolled in the study. Thereafter, averages were taken
between each of the treatment groups. Differences in
mean costs between early versus delayed coronary angiog-
raphy groups were compared on an intention-to-treat
basis. As cost data are unlikely to be normally distributed,
the bootstrap method was used to obtain confidence inter-
vals (CIs)10. The bias corrected and accelerated method
was used for confidence intervals11. Heterogeneity differ-
ences in costs by treatment group in different pre-specified
subgroups analyzed in the original trial were tested using an
interaction term in an analysis of variance (ANOVA),
using Generalized Linear Models (GLM). Since the total
cost was skewed on inspection, transformation using the
logarithm of the inverse of the cost was used before using
the GLM procedure.

Results

Costs

The average costs for treatment of clinical events were
lower in patients treated with an early invasive strategy
compared with a delayed strategy (�$196; 95% CI �$430
to $38) (Table 3). Lower average costs of refractory ische-
mia were seen in the early invasive group (�$52). The
average costs for cardiovascular procedures (coronary angi-
ography, PCI [percutaneous coronary intervention],
CABG [coronary artery bypass grafting]) over 6 months
were greater for an early invasive strategy compared with
a delayed approach ($346; 95% CI $-440 to $1132)
(Table 3). Higher average cost differences of PCI ($541)
and CABG ($232) were noted per patient with the early
invasive approach. As shown, patients in the early inva-
sive arm had a shorter 6 month hospital stay compared to

Table 2. Unit costs per DRG code.

DRG DRG code Medicare
Cost (US$)

Cost per clinical event
MI 280–285 7083
Unstable angina 286–287 6001
Stroke 64–66 6051
Refractory ischemia 313 2290
Rehospitalization for unstable angina 286–287 6001
Non-fatal cardiac arrest 296–298 5246
Heart failure 291–293 5330
Coronary angiogram 250–251 10,101
PCI 246–249 10,888
CABG 233–234 27,362
CABGþ PCI 231–232 36,425

Cost per hospital stay
Cost per day N/A 869

DRG¼ diagnosis-related group; MI=myocardial infarction; PCI¼
percutaneous coronary intervention; CABG¼ coronary artery bypass
grafting; N/A¼ not applicable.
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the delayed invasive strategy (median 7.0 versus 9.0 days
respectively). Given shorter time in hospital, the hospital
stay costs for the early invasive patients were lower com-
pared to the delayed invasive group (�$1320; 95% CI
�$2074 to �$566) (Table 3). There was no difference

in the frequency of off-hour procedures between early
intervention and a delayed approach (14.2% versus
12.5%, p¼ 0.46 respectively). The total cost for 6 month
follow-up includes clinical, procedural and hospital stay
costs. The total cost for the early invasive group tended
to be lower compared to the delayed invasive group
(�$1170; 95% CI �$2542 to $202) (Table 3).

Bootstrap analysis

Figure 1 illustrates the relationship between the differ-
ences in mean cost and clinical events in the bootstrap
analysis (5000 iterations). Overall, 95.1% of cases had

Figure 1. Bootstrap results of TIMACS patients displayed in a cost–effectiveness plane.

Table 3. Average costs (US$) per patient.

Early
Intervention

Delayed
Intervention

Difference
(95% CI)

Clinical Event Cost 7747 7943 �196 (�430, 38)
Procedural Cost 15,036 14,690 346 (�440, 1132)
Hospital Stay Cost 9871 11,191 �1320 (�2074, �566)
Total Cost 32,654 33,824 �1170 (�2542, 202)
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lower costs and improved clinical outcomes favoring an
early invasive approach (dominant strategy).

Sensitivity analysis

A sensitivity analysis was performed to assess total costs for
6 month follow-up of cardiac services in Canada using a
detailed micro-costing system developed at McMaster
University. Canadian costs were applied to all enrolled
patients in the trial (n¼ 3031). Costs were reported in
Canadian dollars (CAD 2008). All components of health-
care consumption including hospital stay (coronary care
unit or intensive care unit, step-down unit, regular ward)
pharmacy costs (main pharmacy and ward stock), all blood
work, radiology tests, nuclear medicine investigations and
procedures (coronary angiogram, PCI and CABG) were
recorded and calculated12. The total cost for the early
invasive group was significantly lower compared to the
delayed invasive group (�$1390; 95% CI �$2464 to
�$316). The lower overall costs were attributed to reduced
hospital stay costs with an early invasive approach
(�$1381; 95% CI �$2216 to �$546).

Subgroups results

As pre-specified subgroups were including in the TIMACS
study, total costs for each subgroup were analyzed using an
interaction test. As shown in Table 4, we found no signifi-
cant interaction, with the exception of high-risk patients
(GRACE risk score �141) where there was a net decrease
in costs of $3720 (95% CI�$6270 to�$1170) per patient.
As age may be unduly emphasized in the GRACE risk
score for high-risk patients, we compared patients �65
years receiving coronary angiography with an early inva-
sive versus a delayed approach and found no difference
(14.7% versus 11.2%, p¼ 0.23 respectively). A bootstrap
analysis of patients with a GRACE risk score �141

revealed 99.8% of cases had lower costs and better clinical
outcomes (Figure 2), a clear dominant strategy.

Discussion

The results of the Timing of Intervention in Acute
Coronary Syndromes (TIMACS) trial economic analysis
demonstrate that an early invasive strategy in acute cor-
onary syndromes without ST-segment elevation saves
costs compared with a delayed strategy. The greatest sav-
ings appears to be in the high-risk patients receiving early
coronary angiography. Moreover, the early invasive
approach was dominant and associated with both lower
costs and better clinical outcomes in 95.1% of 5000 boot-
strap iterations. The lower overall costs were primarily due
to reduced length of stay in hospital in patients managed
with an early invasive strategy.

It is well recognized that healthcare resources are
scarce. To achieve maximum health gains we should use
them efficiently. It is no wonder that it has become a
national mandate to evaluate alternate clinical approaches
and policy reform to improve efficiency13. When it is pos-
sible to find approaches to reduce hospital costs without
affecting quality of care or patient safety, these strategies
should be promoted as they free up resources for use in
other interventions. Similar to patients with ST-segment
elevation myocardial infarction14,15, routine coronary
angiography is also beneficial in patients with non-
ST-segment elevation ACS. The randomized trials
evaluating invasive versus conservative treatment were
associated with large variations in timing of early coronary
angiography ranging from 6–96 hours16–20. TIMACS was
the first randomized study to address optimal timing of
coronary angiography with intended intervention and
found an early approach (524 hours) did not differ greatly
from delayed treatment (�36 hours) in preventing death,

Table 4. Subgroup analysis of average cost (US$) per patient.

Early Intervention Delayed Intervention Difference (95% CI) p-interaction

Age
565 yrs 30,359 32,063 �1704 (�3452, 44) 0.19
�65 yr 34,471 35,052 �581 (�2545, 1383)

Sex
Female 31,863 32,597 �734 (�2927, 1459) 0.98
Male 33,107 34,473 �1366 (�3124, 392)

ST-segment deviation
No 31,568 32,468 �900 (�2740, 940) 0.34
Yes 33,706 35,257 �1551 (�3507, 405)

Elevated cardiac biomarker
No 32,769 32,691 78 (�2967, 3123) 0.20
Yes 32,622 34,145 �1523 (�3045, �1)

GRACE score
0–140 31,987 31,958 29 (�1554, 1612) 0.03
�141 34,033 37,753 �3720 (�6270,�1170)
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MI or stroke at 6 months, with similar safety outcomes
between the strategies3.

Within this context, we found a total cost advantage of
$1170 per patient, largely due to a 2 day reduced hospital
stay in patients undergoing early coronary angiography.
The impact of these results could have important implica-
tions on resource use, given that over 1.5 million patients
are admitted to hospital with an ACS each year in the
United States21. Similar data of decreasing length of
stay in acute myocardial infarction that lead to reduced
hospital costs have been previously described9. The
results of our analysis favoring an early invasive strategy
in non-ST-segment elevation ACS may influence the

decision-making process by providing improved quality
care at reduced hospital costs. Our results provide clear
justification for proceeding, when possible, earlier to cor-
onary angiography given similar safety with overall
reduced costs. Shorter hospitalization may also reduce
the costs for other unintended events while in hospital
(i.e. nosocomial infection), although this was not specif-
ically addressed in our study.

It is noteworthy that high-risk patients (GRACE score
�141) derived significant clinical benefit along with
reduced total cost with an early invasive strategy. In fact,
the greatest cost advantage of $3720 per patient was seen
in these patients undergoing early invasive management.

Figure 2. Bootstrap results of high-risk GRACE patients displayed in a cost–effectiveness plane.
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In this subgroup we feel that every effort should be made to
intervene early.

Study limitations

First, the TIMACS trial was a multinational study where
unit cost measurements were based on United States
DRG estimates. This may not fully account for the poten-
tial differences in medical practice and resource use
between countries or healthcare systems. However, calcu-
lation of costs in different countries would not affect the
overall message of the study as shorter hospitalization
with an early invasive strategy compared to a delayed
approach would still result in a total reduction in cost –
albeit the magnitude of benefit may vary as demonstrated
in our sensitivity analysis using Canadian cost data from a
universal healthcare system. Second, DRG costs assume
that all patients are clinically similar and would utilize
the same amount of healthcare resources without consid-
eration for off-hour costs. Given the temporal differences
between an early invasive approach versus a delayed strat-
egy, we looked at the frequency of off-hour procedures
and found no appreciable difference between either strat-
egy. Thus, the cost-savings for an early invasive approach
should still be present. Overall, using DRG unit costs
makes our analysis intentionally conservative as DRGs
are the lowest paid rates. Third, we were unable to evalu-
ate the effect of community care and investigations with-
out hospitalization (office visits, non-invasive testing,
etc.) along with medication costs. Non-medical costs
such as loss of productivity and family care costs were
not included. Despite our hospital stay costs being inten-
tionally conservative, thus biasing against the early inter-
vention, we were still able to show a cost advantage.
Fourth, cost analysis was limited to the trial follow-up
period of 6 months. It is unlikely that the early invasive
strategy would accrue additional costs beyond 6 months.
Fifth, the results of this study are limited to non-ST ele-
vation ACS patients receiving an invasive strategy.
Sixth, contemporary management of patients may have
a shorter length of in-hospital stay with improved clinical
outcomes limiting the cost savings with an early invasive
approach.

This study provides important new information regard-
ing the cost implications of an early versus delayed inva-
sive strategy for the treatment of acute coronary syndromes
without ST-segment elevation. Our results suggest that an
early invasive approach with coronary angiography saves
costs and should be considered for all patients. Moreover,
it should be the standard strategy for patients with high-
risk acute coronary syndromes. These results may have
implications on future policy decisions regarding cost-
saving strategies in acute coronary syndromes.
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