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Aims. The priority of Chinese herbal medicines (CHMs) plus conventional treatment over conventional treatment alone for acute
coronary syndrome (ACS) after percutaneous coronary intervention (PCI) was documented in the 5C trial (chictr.org number:
ChiCTR-TRC-07000021). The study was designed to evaluate the 10-year effectiveness of CHMs plus conventional treatment versus
conventional treatment alone with decision-analytic model for ACS after PCI. Methods and Results. We constructed a decisionanalytic Markov model to compare additional CHMs for 6 months plus conventional treatment versus conventional treatment alone
for ACS patients after PCI. Sources of data came from 5C trial and published reports. Outcomes were expressed in terms of qualityadjusted life years (QALYs). Sensitivity analyses were performed to test the robustness of the model. The model predicted that
over the 10-year horizon the survival probability was 77.49% in patients with CHMs plus conventional treatment versus 77.29% in
patients with conventional treatment alone. In combination with conventional treatment, 6-month CHMs might be associated with
a gained 0.20% survival probability and 0.111 accumulated QALYs, respectively. Conclusions. The model suggested that treatment
with CHMs, as an adjunctive therapy, in combination with conventional treatment for 6 months might improve the long-term
clinical outcome in ACS patients after PCI.

1. Introduction
Percutaneous coronary intervention (PCI) as well as pharmacological treatments has significantly reduced but did not
eliminate the risk of major adverse cardiovascular events
(MACE) in ACS patients. It is reported that approximately
10% ∼ 18% of ACS survivors after PCI ultimately suffer a
second myocardial infarction (MI), stroke, or cardiovascular death despite the availability of timely and appropriate
treatments. With the raising concern of recurrent cardiovascular events in ACS patients undergoing primary PCI, it
is necessary to substantiate the effectiveness and outcomes
of adjunctive therapies, such as Chinese herbal medicines
(CHMs) (e.g., xin mai tong capsule, Shexiang Baoxin Pill,

and tongxinluo capsule) and acupuncture, when added to
conventional medication.
CHMs have been widely used in clinical practice for
thousands of years. Previously, we published the 1-year
clinical outcomes of the 5C trial [1]. This multicenter,
open-label, randomized controlled trial (chictr.org number:
ChiCTR-TRC-07000021) showed that CHMs, Xinyue Capsule, and Fufang Chuanxiong Capsule, in combination with
conventional treatment, further prevent 1-year occurrence
of cardiovascular events in ACS patients after primary PCI
without increasing risk of major bleeding, as compared
with conventional treatment alone. Owing to the only 1year follow-up period in this trial and other limited CHMs
trial resources, the priority of CHMs in combination with
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Figure 1: Two-component decision-analytic model structure. Part (a) is a decision tree representing the 5 clinical outcomes of the 5C trial
during the 1-year period: event-free, nonfatal myocardial infarction (MI), nonfatal stroke, nonfatal unstable angina (UA), or all-cause death.
Part (b) is long-term Markov model. (1) Risk of nonfatal stroke for event-free patients. (2) Risk of nonfatal MI for event-free patients. (3)
Risk of nonfatal UA for event-free patients. (4) Mortality risk for event-free patients. (5) Mortality risk at the first year after a nonfatal stroke.
(6) Mortality risk at the first year after a nonfatal MI. (7) Mortality risk at the first year after a nonfatal UA. (8) Mortality risk at second and
subsequent years after a nonfatal stroke. (9) Mortality risk at second and subsequent years after a nonfatal MI. (10) Mortality risk at second
and subsequent years after a nonfatal UA. (11) Risk of nonfatal MI for patients with stroke. (12) Risk of nonfatal stroke for patients with MI.
(13) Risk of nonfatal MI for patients with UA. (14) Risk of nonfatal stroke for patients with UA.

conventional treatment over conventional treatment alone on
long-term outcome of ACS patients has not been established.
Therefore, we constructed a decision-analysis Markov
model to assess the effectiveness of CHMs plus conventional treatment versus conventional treatment alone in ACS
patients after primary PCI. During 10 years, whether ACS
patients after PCI may benefit from reducing the risk of
MACE and increasing the quality of life (QOL) when treated
by additional CHMs for 6 months, as an adjunctive therapy, in
combination with conventional treatment, remains unclear.

2. Methods
2.1. Study Design. To capture the short- and long-term clinical outcomes in ACS patients after PCI receiving additional
CHMs for 6 months plus conventional treatment versus
conventional treatment alone, a decision-analytic Markov
model was developed, by following generally accepted principles of design [2]. Referring to the model developed by
previous studies [3–5], the model in the study comprises two
components: the first part contains a decision tree which was
in line with the period of the 5C trial (one year); the other
part is that the subsequent events were modelled as a Markov
structure with the potential for a recurrent event (subsequent
years). The health outcomes modelled in the study were
quality-adjusted life years (QALYs), which take into account
both the quantity and QOL generated by the interventions.
The model was based on the 5C trial’s population, which
included a broad spectrum of ACS patients, that is, STsegment elevation MI, non-ST-elevation MI, and unstable

angina (UA), who underwent successful PCI. The patients
were randomized to receive additional CHMs for 6 months
plus conventional treatment or conventional treatment alone.
The aim of the modelling exercise was to adhere closely to the
5C trial and the model structure is based on the key clinical
outcomes of 5C trial.
2.2. Model Structure. The 1-year decision tree was modelled based on the clinical outcomes in 5C trial. During
the first year, the patients who received additional CHMs
for 6 months plus conventional treatment or conventional
treatment alone could suffer a nonfatal MI, a nonfatal stroke,
a nonfatal UA, or death from all causes. Those patients who
experienced no events were considered as event-free.
To simulate the long-term clinical outcomes in post-PCI
ACS patients in 5C trial, the 1-year decision tree was extended
to a long-term Markov model. A Markov model consists of
a number of mutually exclusive and collectively exhaustive
health states, usually named as Markov states, representing
the disease progression process from entry to death or end
of the time horizon of the analysis [6]. Disease progression
or occurrence is modelled as transitions between states over
time. In any given interval of time, referred to as a cycle or
stage, a cohort member is in one and only one of the states.
Patients who remain alive with an event spend 1 cycle in the
first state of the corresponding event and then move on to
the corresponding state for following cycles. The cycle length
used in the model is 1 year.
In the study, the Markov model (Figure 1) had 8
health states, which were event-free, nonfatal AMI, post-MI,
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Table 1: Model parameters (1-year decision-analysis model).
Variables
ACS after PCI
Nonfatal AMI
Nonfatal stroke
Nonfatal UA
Death

Probability
CHMs plus conventional treatment
0.005 (0, 0.0119)
0.0074 (0, 0.0158)
0.0149 (0.0031, 0.0267)
0.0050 (0, 0.0119)

Conventional treatment alone
0.0175 (0.0047, 0.0303)
0.0150 (0.0031, 0.0269)
0.0399 (0.0207, 0.0591)
0.0075 (0, 0.0159)

ACS: acute coronary syndrome; PCI: percutaneous coronary intervention; AMI: acute myocardial infarction; CHMs: Chinese herbal medicines; UA: unstable
angina.

nonfatal stroke, poststroke, nonfatal UA, post-UA, and death
(all-cause). Patients entered the Markov model based on the
events in the 1-year decision tree. Patients who experienced
no events during the first year in the decision tree entered
the Markov model in the “event-free” state. These patients
could suffer a fatal MI, stroke, or UA in every subsequent
year and could also transit to a nonfatal MI, nonfatal stroke,
or nonfatal UA state. Patients who suffered an MI, stroke,
or UA in the 1-year decision tree entered the new MI, stoke,
and new UA states in the Markov model, respectively. After 1
year in the new MI, new stroke, and new UA states, patients
would transit to the corresponding postevent state. In each
cycle, patients could experience a new MI, new stroke, and
all-cause death or remain in a postevent state. The model
assumed that patients could not enter the new UA state from
the poststroke state and post-MI state due to the limitation
of the relative data. Patients with a fatal event in the 1-year
decision tree entered the Markov model as “dead,” the same
as patients who died from the “no event” state. Patients who
die in a nonfatal event state or postevent state pass to the dead
postevents state.
The model was run up to a time horizon of 10 years. Halfcycle correction was performed in this study with assigning
one-half of the state reward for simulated individuals starting
in each state.
2.3. Transition Probabilities. Transition probabilities, which
characterize how a cohort member may pass in successive
cycles, vary over time and depend on patient characteristics
but not on previous events as the model has no memory
[7]. In 1-year decision tree, the probabilities of the patients
experiencing nonfatal MI, stroke, or all-cause death were
calculated from the data in 5C trial (Table 1).
In Markov model, as the intervention period of additional
CHMs was only 6 months and no long-term data were
available after the first year of treatment, we conservatively
assumed that the transition probabilities were identical for
patients receiving CHMs plus conventional treatment or
conventional treatment alone for year 2 and onwards. And
the only difference between the two treatment strategies
was caused by the different distribution of patients in the
different Markov states after the first year. To obtain the
transition probabilities for the Markov model, data beyond
the duration of the 5C trial were required. By following the
methods used to derive the transition probabilities which
had been previously published and validated in some trialbased economic analyses [8], the transition probabilities for
nonfatal MI, nonfatal UA, nonfatal stroke, and death were

also extrapolated on the basis of the available data drawn
from the published reports. We conducted a literature search
of PubMed, OVID, and the Cochrane Library websites for
reaching results from cardiovascular trials from January 1980
up to December 2012. For reflecting the clinical outcomes
in post-ACS patients, these probabilities were obtained from
registry-based studies, analyses of randomized controlled
trials, and systematic reviews which were preferred when
available. The selection of the studies finally included in
the model was performed in a nonsystematic way and
conditioned on the adequacy of the data to the decision
problem [9]. When necessary, reported and calculated rates
from published reports were converted to probabilities for
use in the model with the assumption of a constant hazard
over time [10]. Details of the data sources and the transition
probabilities are summarized in Table 2.
2.4. Utility Values. The outcomes of each treatment strategy
were quantified in terms of QALYs over a 10-year horizon, as
noted previously. To calculate QALYs, the utility weights were
multiplied by the duration in each health state. An annual
utility was assigned for each health state in the study.
Utility values describe the health-related QOL correlated
with different health states on a scale of zero to one, where
zero and one represent death and best imaginable health,
respectively. The baseline utility values for patients of eventfree during 1-year follow-up in CHM plus conventional treatment arm and conventional treatment alone arm were taken
from 5C trial, in which health-related QOL was assessed
at 1 year after PCI using EuroQol (EQ-5D). EQ-5D scores
were derived using Japanese population tariff values [11]. Due
to lack of the local utility values for patients with nonfatal
AMI, nonfatal stroke, or nonfatal UA, the values proposed
by published studies in the literatures were applied in the
present analysis [12]. We calculated the disutility values by
taking the difference in health-related QOL values between
a patient with and without an event based on the method
reported by Bagust et al. [13] and Chaplin et al. [14]. Patients
experiencing an event (AMI, stroke, or UA) were assigned
disutility weights to take into account the one-off decrease in
their health status due to the event. For patients experiencing
a MI, UA, or stroke, we attributed a disutility of 0.127, 0.117,
and 0.139, respectively, at the time of the occurrence of an
event until end of follow-up, which was obtained from a
previous published study [15]. The baseline utility values used
for each health states in the model as well as the ranges used
within the sensitivity analyses are presented in Table 3.
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Table 2: Transition probabilities among health states in the long-term Markov model.

Variables
Event-free followed by
Nonfatal AMI
Nonfatal stroke
Nonfatal UA
Death
Post-MI followed by
Death, 1st year
Death, after 1st year
Nonfatal AMI, 1st year
Nonfatal AMI, after 1st year
Nonfatal stroke, 1st year
Nonfatal stroke, after 1st year
Post-UA followed by
Death, 1st year
Death, after 1st year
Nonfatal AMI, 1st year
Nonfatal AMI, after 1st year
Nonfatal stroke, 1st year
Nonfatal stroke, after 1st year
Post stroke followed by
Death, 1st year
Death, after 1st year
Nonfatal AMI, 1st year
Nonfatal AMI, after 1st year
Nonfatal stroke, 1st year
Nonfatal stroke, after 1st year
Rate of age-related MACE (OR/10 years)

Baseline probability

Range

Source

0.018
0.007
0.03
0.027

0.010–0.020
0.001–0.009
0.02–0.05
0.014–0.033

[26–35]
[36–38]
[39–41]
[26–35]

0.039
0.021
0.024
0.018
0.010
0.007

0.008–0.076
0.003–0.027
0.002–0.060
0.001–0.008
0.0024–0.024
0.0008–0.022

[33, 42–56]
[33, 42, 45–53, 56]
[33, 42–56]
[33, 42, 44–53, 56]
[33, 43, 44, 57–61]
[58, 59]

0.034
0.020
0.036
0.011
0.018
0.008

0.012–0.050
0.016–0.028
0.01–0.05
0.010–0.063
0.014–0.023
0.006–0.01

[30, 32, 33]
[30, 32, 33]
[30, 33, 59, 62]
[30, 33, 59, 62]
[33, 62]
[33, 62]

0.115
0.035
0.003
0.004
0.128
0.040
0.5

0.066–0.189
0.016–0.061
0.002–0.006
0.002–0.006
0.064–0.189
0.030–0.080
0.33–0.87

[58, 62–69]
[58, 62, 64–67, 69]
[58, 59]
[58, 59]
[68, 70, 71]
[71, 72]
[28, 30, 31, 39, 69]

AMI: acute myocardial infarction; UA: unstable angina; MACE: major adverse cardiovascular events.

Table 3: Estimated utilities and disutilities.
Events
Event-free
CHMs plus conventional treatment
Conventional treatment alone
Disutilities (QALYs)
Nonfatal AMI
Nonfatal Stroke
Nonfatal UA
Death

Base-case value

Range

Source

0.818
0.809

0.418 to 0.848
0.252 to 0.848

5C trial
5C trial

0.127
0.139
0.117

0.108 to 0.147
0.118 to 0.160
0.100 to 0.135
0

[15]
[15]
[15]

CHMs: Chinese herbal medicines; AMI: acute myocardial infarction; UA: unstable angina.

2.5. Analytic Method and Univariate Sensitivity Analysis.
For the 2 strategies, CHMs plus conventional treatment
versus conventional treatment alone, we calculated QALYs
and considered the strategy associated with a higher value
to be preferred. Since our model was based on a number of assumptions and weighted average of published
literature-derived probabilities, we performed univariate sensitivity analyses, in which we allowed any one of the variables
of the model to vary at a time according to its estimates range,

to determine whether and how plausible parameters in these
assumptions and risks would alter our findings [10].
The Markov model was designed and all analyses were
performed with TreeAge Pro Suite 2011 software package.

3. Results
3.1. Base-Case Analysis. The Markov model predicted that
the discounted survival was higher in the CHMs plus
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Figure 3: Cumulative QALYs over 10-year horizon.

conventional treatment arm when compared with the conventional treatment alone arm by 0.20% survival probability. The survival probability over the 10-year horizon was
77.49% in the CHMs plus conventional treatment arm and
77.29% in the conventional treatment alone arm, respectively
(Figure 2).
In a cohort of 1000 patients over 10 years, the CHMs
plus conventional treatment, compared with conventional
treatment alone, would gain 22 patients remaining event-free,
prevent 7, 9, and 5 patients further suffering from nonfatal MI,
nonfatal UA, and nonfatal stroke, respectively, and avoid 20
patients dying from all causes.
The model predicted that participants after PCI who
received CHMs plus conventional treatment would live an
average of 0.405 discounted QALYs in 1-year and 5.519
discounted accumulated QALYs over 10-year horizon. And
those who received conventional treatment alone would live
an average of 0.396 QALYs in 1-year and 5.408 QALYs over
10-year horizon (Figure 3). Comparing with conventional
treatment alone, CHMs plus conventional treatment would
save 0.009 QALYs in 1 year and 0.111 QALYs for the time
horizon of 10 years.
3.2. Sensitivity Analyses. The priority of CHMs plus conventional treatment over conventional treatment alone for all
the parameters was considered in the univariate sensitivity
analysis. The analysis showed that changes of every input
parameter had no impact on the interpretation of the results.
Thus, CHMs plus conventional treatment remained a dominant therapy over a broad range of the input parameters. The
5 most sensitive input parameters were annual mortality risk

for event-free patients, annual risk of nonfatal UA for eventfree patients, annual risk of nonfatal stroke for event-free
patients, annual risk of nonfatal MI for event-free patients,
and disutility of UA. The annual mortality risk for event-free
patients (varied from 0.014 to 0.033) had the largest influence
on the QALYs (5.505 to 5.532 for patients in the CHMs plus
conventional treatment arm versus 5.393 to 5.423 for patients
in the conventional treatment alone arm).

4. Discussion
In the present study, a two-component decision-analytic
model approach was used to predict the short- and longterm effectiveness of CHMs plus conventional treatment
and conventional treatment alone in the treatment of ACS
after PCI. The results showed that CHMs plus conventional
treatment would reduce the risk of death in ACS participants
after PCI over 10-year period compared to conventional treatment alone, as well as the risk of nonfatal MI, nonfatal stroke,
and nonfatal UA. Comparing with conventional treatment
alone, CHMs plus conventional treatment would save 0.111
QALYs for the time horizon of 10 years. Given a cohort of
1000 patients over 10 years, the CHMs plus conventional
treatment, compared with conventional treatment alone,
would gain 22 patients benefit from no events and prevent
20 patients from all-cause death.
As far as we are concerned, this is the first study that
has accounted for QOL and generated QALYs in estimating
the long-term effectiveness of CHMs plus conventional treatment in ACS patients after PCI compared with conventional
treatment alone. The study showed that the estimated gain

6
with CHMs plus conventional treatment, compared with
conventional treatment alone, was accrued due to an increase
in survival probability and QOL as well. And the reduction in
mortality and the increase in remaining event-free were the
majority contributors to the survival probability. The favorable effectiveness of CHMs plus conventional treatment in
our analysis was supported by earlier clinical studies, showing
that CHMs plus conventional treatment were expected to
reduce the risk of MI and improve myocardial reperfusion
after PCI in patients with AMI during 3 months [16, 17],
as well as playing roles in decreasing recurrent angina in
patients with coronary heart disease [18, 19]. It should be
noted that our findings extended the previous studies and
dynamically analyzed the favorable effectiveness of CHMs
plus conventional treatment over conventional treatment
alone in the 10-year period, indicating that CHMs plus conventional treatment might be an adjunctive therapy in further
improving the long-term clinical prognosis in patients with
ACS after PCI. Since there was no study regarding longterm QALYs among ACS patients after PCI up to now in
China, which used CHMs plus conventional treatment, more
evidences were needed in the future to support the estimation
of our study.
In the present study, the input parameters were derived
from 5C trial and medical literatures. Over the first year,
transition probabilities and baseline utility for patients in
CHMs plus conventional treatment and conventional treatment alone arms were mainly taken from 5C trial. For some
parameters, however, no data in 5C trial were available, so we
used international data instead. In the absence of long-term
data after 1 year (i.e., beyond the duration of 5C trial), the
transition probabilities were obtained based on the collected
data from registry-based studies, analyses of randomized
controlled trials, and systematic reviews. Additionally, there
were no previous published evidences of disutility values for
patients experiencing MI, UA, or stroke after PCI in China;
we used data from a published study [15] to perform the
analysis as well.
In 5C trial, the intervention period of CHMs plus conventional treatment was only 6 months and there was no
intervention difference in the subsequent 6 months between
CHMs plus conventional treatment and conventional treatment alone. Our model made the conservative assumption
that there was no incremental clinical benefit from CHMs
plus conventional treatment versus conventional treatment
alone beyond the first year of treatment; that is, the benefits of
CHMs only worked in 6 months and beyond 1 year the transition probabilities were identical for both treatment arms.
Advantages of using the decision-analytic model approach in
long-term effectiveness evaluation are to be able to extend
analyses beyond trial durations, to integrate data from a
variety of sources, and to be able to explore the impact
of the therapy in various treatment settings [20, 21]. The
assumptions in the model, however, may not necessarily hold
true. And we do not expect these assumptions to have a major
influence on our results of the present study. Since further
uncertainty arises through methodological and modeling
structure uncertainty, which can be addressed with univariate
sensitivity analysis [22], we performed univariate sensitivity
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analyses on various parameters and assumptions to assess
the rigour of the assumptions on the effectiveness estimation.
The analysis showed that our results are robust to very wide
variations in model inputs.
Our study has several limitations. First, the study was
performed based on a decision-analytic Markov model which
was a simplification of reality, where probability data of outcomes occurred in another population and different scenarios
from that of 5C trial were inevitably employed, although we
used a resource estimate adapted to our reality [23]. The
data sources about probabilities beyond 1 year were partly
driven by the clinical event rates observed in the patients
with NSTE-ACS or STEMI patients, while the population
in 5C trial were combined NSTE-ACS patients and STEMI
patients together. Even if GUSTO-IIb trial showed that the
mortality rate at 30 days was greater among patients with STsegment elevation than among those without ST elevation,
this difference narrowed at 6 months and disappeared at
1 year [24], and the study reported by Singh et al. [25]
also demonstrated that patients with STEMI and NSTEMI
experienced similar outcomes; it was still difficult to exactly
match the patients recruited in 5C trial. Somewhat, transition
probabilities in our study were measured with some degree of
error. Secondly, the study was supposed to predict the whole
spectrum of consequences of therapy with a 10-year horizon,
which requires making a series of difficult-to-demonstrate
assumptions [9]. On the basis of the data currently available,
our study might conservatively estimate the effectiveness of
CHMs plus conventional treatment.

5. Conclusion
On the basis of the decision-analytic Markov model, the analysis suggested that treatment with CHMs, as an adjunctive
therapy, in combination with conventional treatment for 6
months might improve the long-term clinical outcome in
ACS patients after PCI. However, the larger long-term clinical
trials are needed to prove the long-term effectiveness of
CHMs plus conventional treatment in the treatment of ACS
after PCI in the future.
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