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Abstract

Background Influenza vaccination has been clinically shown to reduce adverse cardiovascular outcomes in acute coronary syndrome
(ACS) patients, but the economic perspectives can provide important data to make informed decisons. This study aimed to perform the economic
evauation of lifdong annua influenza vaccination for cardiovascular events and well-established pneumonia prevention. Methods  Lifetime
codts, life-expectancy, and quality-adjusted life years (QALYs) were estimated beyond one-year cycle length of a six-health states Markov
model condition on whether a hospitdization for ACS, stroke, heart failure, pneumonia, no hospitaizations occurred, or desth. The comparison
of three age-groups of 40-year-old-and-above, 50-year-old-and-above, and 65-year-old-and-above scenario was performed. Incremental cost-
effectiveness ratio (ICER) and net monetary benefit (NMB) were presented as a societal perspective in 2016. The model robustness was deter-
mined by one-way and probabilistic sensitivity analyses. Results  The influenza vaccination was cost-effective in al age-groups, by domi-
nant ICERs (lower cost with higher effectiveness) which was completely lower than acceptable willingness-to-pay threshold of Thailand
[160,000 THB (4,466.8 USD) per QALY 5], with a great incremental value of NMB. Especidly, the 50-year-old-and-above scenario was shown
as the most benefit at 129,092 THB (3,603.9 USD) for each patient. Conclusions The annually additional influenza vaccination to standard
treatment in ACS was cost-effective in al age-groups, which should be considered in clinical practice and health-policy making process.
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Influenza vaccination is well-established to reduce hos-
pitalization and mortality due to pneumonia or influenza!*
cardiovascular disease!*™ chronic heart failure (HF)™® and
cerebrovascular disease Randomized controlled trial aso
shows benefit of mgjor adverse cardiovascular event pre-
vention in ACS patients® In addition, influenza vaccination
is recommended as a secondary prevention in coronary ar-
tery disease, atherosclerotic vascular disease!” and ACS.™Y

Influenza vaccination has been shown to reduce adverse
cardiovascular outcomes and recommended in ACS patients,
but the information of added benefit for cardiovascular

1 Introduction

Acute coronary syndromes (ACYS) are critical symptoms
and major causes of life-threatening disorders in emergency
care and hospitalization. Recently, advance recommenda-
tion in ACS addresses well-proved drugs and clinical pro-
cedures, such as beta-blockers, angiotensin-converting en-
zyme inhibitors, statins, anti-thrombotics, coronary revas-
cularization, and influenza vaccination.!™
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event and pneumonia prevention does not exist.

Not only are the evidences of clinical benefits essential
for considerations, the economic perspectives for clinicians
and policy-makers are also strongly important. Especialy,
the economic evaluation of lifelong annua influenza vacci-
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nation for the prevention of cardiovascular events and well-
established pneumonia has never been reported.

Therefore, this study aimed to perform the economic
evaluation of lifelong annud influenza vaccination for car-
diovascular event prevention and well-established pneumo-
niaprevention in ACS patients.

2 Methods

2.1 Economic moddl

A six-hedth-states Markov model was performed to
evaluate outcomes and cost of each scenario in ACS pa
tients with one-year of cycle-length (Figure 1). All health-
states were formed of (1) ACS patients without any inter-
ested events, (2) ACS patients who were possibly hospital-
ized due to influenza or pneumonia, or (3) recurrent event of
ACS, (4) stroke, (5) HF, or (6) death. The lifetime horizon
view was simulated to determine long-term cost and total
effectiveness. Therefore, the model analysis was run until
patients aged 100 years old, or no more patients remained in
model cohort. The perspectives of analyses were shown as
societa view.

Pneumonia/ILI
hospitalization

hospitalization

Figurel. TheMarkov mode structure of ACS patients com-
prises six health-states. ACS: acute coronary syndrome; HF: heart
failure.

2.2 Interventionsand comparators

A trivalent, inactivated influenza vaccine (Vaxigrip®,
Sanofi Pasteur) was intramuscularly given annualy with
standard treatment for ACS patients compared with those
received standard trestment without vaccination. The vac-
cination was assumed as lifelong annual administration.
However, the cumulative effectiveness of vaccination was

assumed that there was no remaining treatment effect in
subsequent years when patients received two and more
consecutive years of vaccination.

The proportion of ACS age groups in Thailand, de-
scribed as 40-49 years, 50-65 years and > 65 years, was
presented in 13.8%, 32.0%, 54.2%, respectively.®¥ The 40
years old and above was the mgjor group approximately
covered 97.0% of total of ACS patients!® For this reason,
the comparison of three age-groups of 40-year-old-and-above,
50-year-old-and-above, and 65-year-old-and-above was assi-
gned. Nevertheless, the complete vaccination coverage for
all age-group scenarios was assumed.

These age-groups as non-discrete gender classification,
were estimated to represent the proportion of total acute
coronary syndrome patients who would be enrolled in each
strategic scenario. However, the other age-group classifica-
tions from the registry in Thailand revedled that male pa-
tients proportions were dominantly performed in all
age-groups (< 45 years, 85%; 45-54 years, 75%; > 54 years,
54%).18

2.3 Input parameters
2.3.1 Likeihood of events

The majority of transition-probabilities were derived
from Phrommintikul, et al.®@ but the others were derived
from sources of Thailand and other countries in order to
project the prevention for cardiovascular events and pneu-
monia

All transition-probabilities of patients age in simulated
cohorts were generally performed at 50 years old and above
(Table 1), but stroke health-state applied at 45 years old and
above***¥ while pneumonia or influenza-like-illness (IL1)
started at 65 years old.[2#141%

Likewise, the vaccine effectiveness normally began at 50
years,® but the benefit for pneumonia/ILI'? and stroke hos-
pitaization” were performed at 65 year old and above.
These following transition-probabilities assumption of (1)
pneumonia/lL| hospitalization,****® (2) vaccine effec-
tiveness for pneumonia/lLI,@ (3) death after pneumonia
hospitalization,? (4) vaccine effectiveness for death after
pneumonia hospitalization,'? (5) vaccine effectiveness for
stroke prevention, were assigned as the same as those re-
vedled in the population of elders living in long-term care
facilities.

In addition, the vaccine effectiveness for death after HF
in ACS was assumed to be similar to those effectiveness
with chronic HF.®! The transition-probability of death for
ACS patients who had no event, was based on age-specific
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Tablel. Input parameters.

Parameters Basecase Lower range Upper range Source
Transition probabilities
Pneumonia/ILI| hospitalization 0.0102 0.0044 0.0235 [3,4,14,15]
ACS hospitdization 0.1125 0.0729 0.1640 [er*
Stroke hospitalization 0.0106 0.0067 0.0150 [9-13]
HF hospitdization 0.0479 0.0233 0.0863 [e1*
Death after pneumonia/ILI hospitaization 0.0426 0.0000 0.1579 [2]
Desth after ACS hospitalization 0.0862 0.0108 0.2780 [er*
Death after stroke hospitalization 0.5200 0.4420 0.5980 [32]
Desth after HF hospitalization 0.2077 0.0278 0.5688 [er*
Effectiveness of influenzavaccine
Pneumonia/ILI| hospitalization 0.4220 0.4012 0.4413 [2]
Death after pneumonia/ILI hospitaization 0.4600 0.3300 0.6300 [2]
ACS hospitdization 0.4430 0.2153 0.9115 [ey*
Stroke hospitalization 0.4350 0.3976 0.4709 [4]
HF hospitalization 0.2250 0.0624 0.8117 [61*
Death after HF hospitalization 0.8100 0.6700 0.9700 [5]
Utilities
No event ACS 0.8420 0.6320 1.0000 [22]
Pneumonia/ILI| hospitalization 0.4000 0.3800 0.5000 [23]
ACS hospitalization 0.7790 0.5840 0.9740 [22]
Stroke hospitalization 0.6900 0.6000 0.7800 [24,25]
HF hospitaization 0.7590 0.6806 0.8374 [26]
Cost (THB, at 2016)
Direct medical cost
No event ACS 64,133.72 54,513.67 73,753.78 [17]
Pneumonia/IL| hospitalization 33,019.76 1,335.10 1,517,155.95 Hospital database
ACS hospitdization 189,841.18 161,365.01 218,317.36 [17]
Stroke hospitalization 66,943.86 56,902.28 76,985.44 [18]
HF hospitalization 334,961.22 327,394.30 341,991.64 [19]
Influenzavaccine 289.80 189.61 403.62 [33]
Direct non-medical cost
No event ACS 3,651.45 3,103.73 4,199.16 [n*
Pneumonia/IL| hospitalization 660.03 561.03 759.04 [20]
ACS hospitdization 3,651.45 3,103.73 4,199.16 [17]
Stroke hospitalization 69,308.76 58,912.44 79,705.07 [18]
HF hospitalization 3,651.45 3,103.73 4,199.16 [1n*

*Data were re-analysed from original data of Phrommintikul, et al.! which adjusted by patients’ age; “data were assumed as same as direct non-medical cost of
ACS hospitaization. ACS: acute coronary syndrome; HF: heart failure; ILI: influenza-likeillness, THB: Thai baht.

mortality rate for Thai population by World Health Organi-
zation (WHO).®

All original data as risk or proportion within exact peri-
ods of follow-up time, or event rate were converted to
one-year transition-probabilities. In each cohort simulation,
the multiplication of proportions of ACS population for
each age group’® were used to determine the transition-
probabilities. As well as influenza vaccination cohort smu-

lation, vaccine effectiveness was also multiplied by other
transition-probabilities.

232 Costs

The direct medica cost (DMC) assumption of each
health-state in ACSs defined as (1) pneumoni&/ILI, where
the OPD vist follow-up after hospitalization was not in-
cluded, while (2) hospitaized due to ACS*” (3) stroke,*®
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or (4) HF® was described as a total cost. In case of (5) no
event ACS hedth state, the total cost determination was
indicated as a difference between the first year cost and the
first hospitalization cost.™™”

The DMC of pneumonia/lLI| was obtained from hospital
database by patients' identification of ICD-10 code (J9-J18)
as influenza and pneumonia, then converted by cost-to-
charge ratio method. The direct non-medical cost (DNMC)
for each hedlth-state of hospitdization due to HF, ACS and
no event ACS*"! was assumed to be similar between groups,
where DNMC of pneumonia/IL| was estimated via standard
cost it consisting fare cost, additional food cost and loss
of income for both patients and caregivers.

All costs were adjusted by consumer price index of
Thailand® to present value of the year 2016, where annual
discount rates for cost and clinical benefits were assigned at
3%. The money values of costs in Thai baht (THB) can be
converted into US dollar (USD) by an average exchange
rate of 35.82 THB per USD at the end of 2016.

However, atotal cost determination was not included an
indirect cost or productivity loss to avoid a repeated count-
ing procedure because the utilities had been adjusted as
quality-adjusted life years (QALYS), which the morbidity
and mortality effect were counted.

2.3.3 Utilities

The utilities for each health stated®2? were used to adjust
life years gained in patients of vaccination and non-vacci-
nated group, where performed as QALYs.

2.4 Dataanalysis
241 Base-caseanalysis

The deterministic results were calculated via base-case
values of model (Table 1), where presented as life years,
QALYs, tota cogt, incrementa cost-effectiveness ratios
(ICERs) and net monetary benefits (NMBs). All outcome
results were demonstrated in three age groups of 40-year-old-
and-above, 50-year-old-and-above and 65-year-old-and-above.

2.4.2 Sensitivity analysis

The uncertainty was determined by one-way sensitivity
analysis and probabilistic sengitivity analysis (PSA).

All feasible ranges of each parameter were input to ad-
dress an uncertainty of ICERs as extremely situation (Table 1);
these results were demonstrated as a tornado diagram.

The PSA distribution types of input parameters were
properly assigned to demonstrate the feasible value. The
margin of data ranges was assumed at 15%, where specific
ranges or confidence intervals were not available.

The Monte Carlo simulation was performed to randomly

draw from all feasible ranges, and then computed the ex-
pected cost and outcomes of each dtrategy. A fifteen-th-
ousand iterations of analysis were assigned, and the scatter
plots of ICERs were displayed to describe robustness of
scenarios.

The cost-effectiveness acceptability curve (CEAC) dis-
played to explain the relationship between the probability
that strategy was favouring cost-effectiveness, and the proper
ceiling threshold of willingness-to-pay (WTP) per QALYs
to conduct an evidence-based decision making.

The cost-effective decision making was based on WHO
recommendation, an intervention that costed less than three
times the national annual per capita gross domestic product
(GDP) was considered cost-effective, where highly cost-
effective intervention was indicated when the nationa an-
nua GDP lessthan once.

2.4.3 Ethical approval

This study was approved by the Ethics Committees, Fac-
ulty of Medicine, Chiang Mai University.

3 Reaults

31 Base-cassanalyss

The 40-year-old-and-above scenario with standard treat-
ment and added influenza vaccination reveded 19.64 and
20.35 life years gained, respectively (Table 2). Thus, influ-
enza vaccination increased 0.71 live years per patients, and
0.27 QALYs (Table 2). While, the 50-year-old-and-above,
and 65-year-old-and-above group showed 0.88 and 0.49 live
years gained, with higher QALY s by 0.44 and 0.31, respec-
tively; where the 50-year-old-and-above strategy demon-
strated the highest gain.

The lifetime cost of an added influenza vaccination of
the 40-year-old-and-above scenario was highest price at
1,048,639 THB (29,275.2 USD), while the 50-year-old-
and-above and 65-year-old-and-above scenario reveded
794,495 THB (22,180.2 USD), and 462,875 THB (12,922.3
USD), respectively. However, the lifetime cost of annual
influenza vaccination was lower than standard trestment in
al age-group strategies.

The annually added influenza vaccination to standard
treatment performed substantially cost-effective in al stra
tegic treatments, where by dominant I CERs (lower cost with
incremental  effectiveness) was demonstrated completely
lower than acceptable WTP of Thailand at 160,000 THB
(4,466.8 USD) per QALY s gained.

Additionally, an incremental value of NMB for all three
scenarios reveded a great benefit. Especialy, the 50-year-
old-and-above scenario was shown as the most value at
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Table2. The base-case outcomes analyses of a three-strategies of 40 yearsold and above, 50 years old and above and 65 years old
and above scenarios.

Scenarios Standard Care Influenza vaccination Incremental value ICER
40-year-old-and-above
Cost, THB 1,083,874 1,048,639 -35,235 -
LYsgained, yrs 19.64 20.35 0.71 Dominant (THB/LY s gained)
QALYsgained, yrs 12.08 12.34 0.27 Dominant (THB/QALY s gained)
NMB, THB 848,520 926,278 77,758 -
50-year-old-and-above
Cost, THB 852,992 794,495 -58,497 -
LYsgained, yrs 12.89 13.77 0.88 Dominant (THB/LY s gained)
QALYsgained, yrs 871 9.15 0.44 Dominant (THB/QALY s gained)
NMB, THB 540,067 669,159 129,092 -
65-year-old-and-above
Cost, THB 521,295 462,875 -58,420 -
LYs, yrs 6.49 6.98 0.49 Dominant (THB/LY s gained)
QALYsgained, yrs 4.85 5.16 031 Dominant (THB/QALY s gained)
NMB, THB 254,673 363,195 108,523 -

ICER: incremental cost-effectivenessratio; LY's: life-years, NMB: net monetary benefit; QALY s, quality-adjusted life years, THB: Thai Baht.
129,092 THB (3,603.9 USD) over the others, when the most after HF hospitdization was the most influential variable.

gain of QALY s had been considered. The probability varied from 0.0278 to 0.5688 (Table 1) to
o ) generate the ICERs of added influenza vaccination com-
32 Sensitivity analysis pared with standard treatment was shifted from —144.13%
The tornado diagram showed that the probability of death to 81.27% (Figure 2).
~150 100 50 0 50 100

Probability of death after HF hospitalization (0.0278 - 0.5688)

Discount rate of outcomes (0-6%)

Utility of no event ACS (0.6320 - 1.0000)

Probability of death after ACS hospitalization (0.0108 - 0.2780) ——

Discount rate of costs (0-6%) et

Influenza vaccine effectiveness for HF hospitalization (0.0624 - 0.8117)
DM cost of no event ACS (54,513.67 - 73,753.78 THB)

DM cost of pneumonial/ILI hospitalization (1,335.10 - 1,517,155.95 THB)
Utility of ACS hospitalization (0.5840 - 0.9740)

DM cost of ACS hospitalization (161,365.01 - 218,317.36 THB)

Influenza vaccine effectiveness for ACS hospitalization (0.2153 - 0.9115)
Influenza vaccine effectiveness for death after HF hospitalization (0.6700 - 0.9700)
Utility of HF hospitalization (0.6806 - 0.8374)

Probability of HF hospitalization (0.0233 - 0.0863)

DM cost of HF hospitalization (327,394.30 - 341,991.64 THB)

Probability of pneumonia/ILI hospitalization (0.0044 - 0.0235)

Probability of ACS hospitalization (0.0729 - 0.1640)

Probability of death after pneumonial/IL| hospitalization (0 - 0.1579)

DNM cost of no event ACS (3,103.73 - 4,199.16 THB)

Probability of stroke hospitalization (0.0067 - 0.0150)

Probability of death after stroke hospitalization (0.4420 - 0.5980)

Influenza vaccine effectiveness for stroke hospitalization (0.3976 - 0.4709)
DNM cost of ACS hospitalization (3,103.73 - 4,199.16 THB)

DNM cost of HF hospitalization (3,103.73 - 4,199.16 THB)

Utility of pneumonia/IL| hospitalization (0.3800 - 0.5000)

Utility of stroke hospitalization (0.6000 - 0.7800 )

Influenza vaccine effectiveness for death after pneumonia/ILI hospitalization (0.3300 - 0.6300)
Influenza vaccine effectiveness for pneumonia/lL| hospitalization (0.4012 - 0.4413)
DNM cost of stroke hospitalization (58,912.44 - 79,705.07 THB)

DM cost of stroke hospitalization (56,902.28 - 76,985.44 THB)

DNM cost of pneumonialILI hospitalization (280.51 - 379.52 THB) | m[ ower range parameter was performed

DM cost of influenza vaccine (189.61 - 403.62 THB) IUpper range parameler was performed

Change of incremental cost-effectiveness ratio, %
Figure 2. Tornado diagram revealed two-way sensitivity analyses between standard treatment and influenza vaccination. These
data were based on patients who were 40 years old and above, while percentage of relative change in incremental cost-effectiveness ratios of
al variables were based on -132,578.38 THB/QALYs. ACS: acute coronary syndrome; DM cost: direct medical cost; DNM: direct
non-medical cost; HF: heart failure; ILI: influenza-like illness.
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In addition, the cost-effectiveness plans of PSA, at a
WTP-threshold of Thailand revealed that all scenarios were
very cost-effective (Figure 3).

Moreover, al of CEAC indicated that added influenza
vaccination was completely cost-effective compared with a
standard treatment (Figure 4).

4 Discussion

This cogt-effectiveness study in ACS patients showed

that the influenza vaccination was cost-effective to prevent
(A) Influenza vaccination at 40-year-old-and-above
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80.000 g8

40,000 i
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-40,000

~80,000 4"
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Incremental effectiveness (QALY's gained)

(B) Influenza vaccination at 50-year-old-and-above

Incremental cost (THB)
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(C) Influenza vaccination at 65-year-old-and-above

Incremental cost (THB)
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Figure 3. The scatter plots of cost-effectiveness planes were
conducted to compare the incremental outcomes (cost and
QALYSs) of influenza vaccination to standard treatment for
each scenario. (A): 40-year-old-and-above, (B): 50-year-old-and-
above, and (C) 65-year-old-and-above. These probabilistic sensi-
tivity analysis were performed by a total of 15,000 iterations of
Monte Carlo simulation, which al reveded lower than the will-
ingness-to-pay threshold of Thailand (160,000 THB/QALYS).
QALYs:. qudity-adjusted life years, THB: Thai Baht.

cardiovascular events and pneumonia. Especialy, the pre-
vention of cardiovascular event has never been included in
any previous health-economic evaluation of influenza vac-
cination.

All results disclosed that the annually added influenza
vaccination to standard treatment in ACS patients was sub-
stantially cost-effective in al three-strategic treatments of
age-groups, by dominant ICERs that were al completely
lower than acceptable WTP of Thailand. An incremental
value of NMB for dl three scenarios aso revealed a great
benefit, especially the 50-year-old-and-above group was
shown as the most benefit scenario at 129,092 THB
(3,603.9 USD) over the others.

The most probabilities of events in Markov model nor-
mally started at 50 years old, and vaccine effectiveness was
also presented at 50 years and 65 years old. Moreover, the
proportion of ACS patients of the 50-year-old-and-above
group was greater than 80% of ACS populations® For this
reason, the budget forecasting for the 40-year-old-and-above
scenario would not show any lower incremental budgets
before the first 10-years of implementation.

Although the result showed the lowest NMB of the 40-
year-old-and-above scenario, the scenario was not the first-
choice strategic treatment for health policy decision making,
but the established advantage of influenza vaccination in
age range of 40-59 years old was also demonstrated, such as
the prevention of proven influenzainfection, ILI, illness days,
working day lost or physicians visitsin healthy adults.

The benefit of influenza vaccination for different target
population groups without any exception of age groups was
aso recommended in clinical guidelines™”® and estab-
lished as awidely national policy,® such asin occupational
settings and clinical risk groups.*®

As mentioned above, the influenza vaccination was
strongly recommended for people who met all of proper
indications for benefits, even in age lower than 50 years old.
In addition, the proportion of ACS of the 40-year-old-and-
above group was approximately more than 95% of atotal of
ACS patients in Thailand,'® where represented a total cost
and benefits of total ACS patients. These approximations
could reflect the possible health-perspectives to policy
maker considerations, if the vaccination scenario for all
ACS patients is feasible to implement.

Certainly, the strategy of influenza vaccinaion for 40
years old patient and above should be strongly recom-
mended. Despite the first 10-years implementation would
not show some budget reduction, the life-long cost saving
was strongly reveaed.
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Figure4. These cost-effectiveness acceptability curves demonstrated the cost-effective probability of three scenarios of patients age.
(A): 40-year-old-and-above, (B): 50-year-old-and-above, and (C) 65-year-old-and-above, by each threshold of willingnessto-pay in ACS
patients who had a standard treatment or added influenza vaccination. ACS: acute coronary syndrome; QALY's. quality-adjusted life years;

THB: Thai Baht.

However, this economic model construction of influenza
vaccination did not consume the benefit of indirect protec-
tion, such as the vaccination of health-care workers showed
reductions in mortality among the elders in long-term care
setting. Although, the history of afew previous consecutive
annual vaccinations showed benefit for mgjor adverse vas-
cular event prevention,*® they were not included in the
construction of this study model.

Moreover, some evidences showed that incomplete
match influenza vaccine till provided protection in frail
elderd® or high-risk medical conditions!* The model de-

finitively incorporated al evidences with and without in-
fluenza matching to reflect as much as possible benefit per-
spectives of influenza vaccination.

In conclusion, this study showed that standard care with
lifetime annua influenza vaccination in ACS patients was
potentialy cost-effective in prevention of cardiovascular
events and pneumonia compared with those without added
vaccination. All scenarios revealed completely cost-effec-
tive scenarios, especialy the two-great-NMB of 50-year-
old-and-above, and 65-year-old-and-above group.

These evidence-based benefits should be noteworthily
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considered in routine clinical practice and decision-making
process for health-policy makers, especially under the lim-
ited hedlthcare resourcesin recent globa economic situation.

Acknowledgement

We declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.
We thank Dr. Surasak Saokaew (University of Phayao,
Thailand) and Onwipa Rochanathimoke (PhD student of
Mahidol University, Thailand for technical analysis advice.
Phrommintikul A was supported by Thailand Research Fund
(RSA5780040). Wongcharoen W was supported by Thai-
land Research Fund (RSA5780039).

References

1 O'Gara PT, Kushner FG, Ascheim DD, et al. 2013 ACCF
AHA guideline for the management of ST-elevation my-
ocardid infarction: a report of the American College of
Cardiology Foundation/American Heart Association task
force on practice guidelines. J Am Coll Cardiol 2013; 61:
er8-e140.

2 Jefferson T, Rivetti D, Rivetti A, et al. Efficacy and effec-
tiveness of influenza vaccines in elderly people: A systematic
review. Lancet 2005; 366: 1165-1174.

3 Nordin J Mullooly J, Poblete S, et al. Influenza vaccine
effectiveness in preventing hospitalizations and deaths in per-
sons 65 years or older in Minnesota, New Y ork, and Oregon:
datafrom 3 health plans. J Infect Dis 2001; 184: 665-670.

4 Nichol KL, James N, Mullooly J, et al. Influenza vaccination
and reduction in hospitalizations for cardiac disease and stroke
among the elderly. N Engl J Med 2003; 348: 1322-1332.

5 Vardeny O, Claggett B, Udell JA, et al. Influenza vaccination
in patients with chronic heart failure. The PARADIGM-HF
Tria. JACC Hear Fail 2015; 4: 2-8.

6  Phrommintikul A, Kuanprasert S, Wongcharoen W, et al.
Influenza vaccination reduces cardiovascular events in patients
with acute coronary syndrome. Eur Heart J 2011; 32:
1730-1735.

7 DavisMM, Taubert K, Benin AL, et al. Influenza vaccination
as secondary prevention for cardiovascular disease: a science
advisory from the American Heart Association/American
College of Cardiology. J Am Coll Cardiol 2006; 48; 1498-502.

8 Tungsubutra W, Tresukosol D, Buddhari W, et al. Acute
coronary syndrome in young adults: the Thai ACS Registry. J
Med Assoc Thai 2007; 90 Suppl 1: S81-S90.

9 Srimahachota S, Kanjanavanit R, Boonyaratavej S, et al. De-
mographic, management practices and in-hospital outcomes
of Thai acute coronary syndrome registry (TACSR): The
difference from the Western world. J Med Assoc Thail 2007;
90: 1-12.

10 Srimahachota S, Boonyaratavej S, Kanjanavanit R, et al. Thai
Registry in Acute Coronary Syndrome (TRACS)-An exten-
sion of thai acute coronary syndrome registry (TACS) group:
lower in-hospital but till high mortality a one-year. J Med
Assoc Thai 2012; 95: 508-518.

11 Tungsubutra W, Tresukosol D, Drittayaphong R, et al. Acute
coronary syndrome in 1,366 patients a Sirirg) hospital: clinical
characteristics, management and in-hospital outcomes. J Med
Assoc Thai 2007; 90: 25-32.

12 Cannon CP, Harrington RA, James S, et al. Comparison of
ticagrelor with clopidogrel in patients with a planned invasive
strategy for acute coronary syndromes (PLATO): a rando-
mised double-blind study. Lancet 2010; 375: 283-293.

13 Walentin L, Becker RC, Budg A, et al. Ticagrelor versus
clopidogrel in patients with acute coronary syndromes. N Engl
J Med 2009; 361: 1045-1057.

14 Nichol K, Wuorenma J, Von Sternberg T. Benefits of
influenza vaccination for low-, intermediate-, and high-risk
senior citizens. Arch Intern Med 1998; 158: 1769-1776.

15 Davis W, Lee E, Taira DA, et al. Influenza vaccination,
hospitalizations, and costs among members of a medicare
managed care plan. Med Care 2001; 39: 1273-1280.

16 World Hedth Organization. Life tables by country; Thailand,
mortality and global health estimates, globa health obser-
vatory data repository. http://apps.who.int/gho/datal (accessed
31 October 2016).

17 Anukoolsawat P, Sritara P, Teerawattananon Y. Costs of
lifetime treatment of acute coronary syndrome at ramathibodi
hospital. Thai 2006; 19: 132-143.

18 Tamteerano Y, Khonputsa P, Chaikledkaew U, et al. Econo-
mic evaluation of HMG-CoA reductase inhibitors for primary
prevention of cardiovascular diseases among Thai population.
Bangkok, Thailand: Hedlth Intervention Technology Assess-
ment Program, Ministry of Public Health, 2008.

19 Vichairuangthum K, Yodla P, Sakthong P. PCV57 cost-effec-
tiveness of ivabradine in Thai Heart Failure Patient. Value
Health 2012; 15: A372.

20 Riewpaiboon A. Standard cost list for hedth technology
assessment. http://costingmenu.hitap.net/ (accessed 14 August
2016).

21 Report for Consumer Price Index of THAILAND (Medica
Care). http://www.indexpr.moc.go.th/price_present/Tableln-
dexG_region.asp (accessed 14 August 2016).

22 Begum N, Stephens S, Schoeman O, et al. Cost-effectiveness
analyss of rivaroxaban in the secondary prevention of acute
coronary syndromes in Sweden. Cardiol Ther 2015; 23: 23.

23 Lee BY, McGlone SM, Bailey RR, et al. To test or to treat?
An analyss of influenza testing and antiviral trestment
strategies using economic computer modeling. PLoS One
2010; 5: e11284.

24 Karnon J, Holmes MW, Williams R, et al. A codt-utility
analysis of clopidogrel in patients with ST elevation acute

Journal of Geriatric Cardiology | jgc@jgc301.com; http://www.jgc301.com



Sribhutorn A, et al. Cost-effectiveness anaysis of Influenza vaccinationin ACS

421

25

26

27

coronary syndromes in the UK. Int J Cardiol 2010; 140:
315-322.

Karnon J, Bakhai A, Brennan A, et al. A codt-utility analysis
of clopidogrel in patients with non-ST-segment-elevation
acute coronary syndromesin the UK. Int J Cardiol 2006; 109:
307-316.

Gohler A, Conrads-frank A, Worrell SS, et al. Decision-ana
Iytic evaluation of the clinical effectiveness and cost-effec-
tiveness of management programmes in chronic heart failure.
Eur J Heart Fail 2008; 10: 1026-1032.

Michiels B, Govagrts F, Remmen R, et al. A systematic
review of the evidence on the effectiveness and risks of
inactivated influenza vaccines in different target groups.
Vaccine 2011; 29: 9159-9170.

28

29

31

Yancy CW, Jessup M, Bozkurt B, et al. 2013 ACCFAHA
Guideline for the management of heart failure: executive
summary. J Am Coll Cardiol 2013; 62: 1495-1539.
Mereckiene J, Cotter S, Nicoll A, et al. Seasona influenza
immunisation in Europe. Overview of recommendations and
vaccination coverage for three seasons: pre-pandemic (2008/09),
pandemic (2009/10) and post-pandemic (2010/11). Euro Sur-
veill 2014; 19: 20780.

Johnstone J, Loeb M, Teo KK, et al. Influenza vaccination
and major adverse vascular events in high-risk patients. Cir-
culation 2012; 126: 278-286.

Dean AS, Moffatt CRM, Rosewell A, et al. Incompletely
matched influenza vaccine still provides protection in frail
elderly. Vaccine 2010; 28: 864-867.

http://Iwww.jgc301.com; jgc@mail.sciencep.com | Journal of Geriatric Cardiology



