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Cost Effectiveness Analysis of Disaster Medicine
Research Planning in Taiwan

Hon-Ping Ma, MD*?; Tzong-L uen Wang, MD, PhD*?

Abstract

Since 921 Chi-Chi earthquake, our country has been engaged in the research concerning disaster
mitigation and response. National Science Council and other academiaingtitutes such as Science
Research Center in Department of Health have also donetheir best in therelated works. All of the
effortshave made the advancesin disaster response system. However, the cost-effectivenessof the
previousdisaster researchisstill not eval uated. Because of theessentid rolesof disaster planning,
we haveto avoid the* paper plan syndrome”. It isthusimportant to make acompl ete cost-effec-
tivenessevauationfor theoverd| disaster scientifictechniqueresearches. Wehavebeenengagedin
therelated work inthe past year and collected many inval uableinformation and data. In summary,
we' d liketo evaluate theimpact on disaster response and cost-effectiveness of disaster research
plans. The cost-effectivenessanaysisisasfollows. Thereis25.6% mortality decreaserelated to
the disaster compared to that of 1995-1999. For each 1% decrease in mortality, the short-term
averagecostsareoveraly AFC 1.53 millionNTD, AVC 8.04 millionNTD; and AC 9.57 million
NTD. Thecostsfor disaster medicine planning (n=46): AFC 0.14 millionNTD, AV C 0.68 million
NTD; andAC 0.82 million NTD, whereasthosefor non-disaster medicine planning (n=46): AFC
1.39millionNTD,AVC 8.84 millionNTD; and AC 1.02 million NTD. In addition, thereis9.6%
decrease in properties damages related to the disaster compared to that of 1995-1999. For each
1% decreasein | osses, the short-term average costsare overally AFC 4.04 millionNTD, AVC 21.
46 millionNTD; andAC 25.55 million NTD. For disaster medicine planning (n=46), AFCis0.38
millionNTD,AVC 1.82 millionNTD; and AC 2.20 million NTD. And for non-disaster medicine
planning (n=46), AFCis3.70millionNTD,AVC 2.36 millionNTD; andAC 2.73millionNTD. In
conclusion, the cost-effectivenessisfavorablefor disaster medicineresearch planning in Taiwan.
(Ann Disaster Med. 2005;3:91-99)
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Introduction |ation after urbanization, thelosson peopleand
SinceTawanislocated inthe earthquake zone damageoneconomy will dwaysbedevastated,
andisanidand country, with centralized popu- once adisaster occurs. The experience of 921
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earthquakeisthe best proof.** Since 921 Chi-
Chi earthquake, our country has been engaged
inthe research concerning disaster mitigation
and response. National Science Council and
other academiainstitutes such as Science Re-
search Center in Department of Health have
also donetheir best intherelated works. All of
the efforts have made the advancesin disaster
response system.

A disaster can be created by the natural
power, such asearthquake, typhoon, flooding,
or by human neglect, such asfire, transporta-
tionincidence, or by human deliberately, such
asterrorismandriot. A disaster may besudden,
suchasearthquake, fireand airplaneaccidence,
or gradually devel oped, such as drought and
hunger. Some disasters can be forecasted in
certain degrees, such astyphoon and flooding;
but some disasters are very difficult to be
forecasted, such as earthquake and tornado.
Different kindsof disastersbring differentim-
pactsto human, physically and psychologicaly
andsocidly. Howtoimplement emergency res-
cueandfirst aidsduring adisaster to savelife
and reduce painisanew subject in emergency
medication. How to react in ashort period of
timeto utilizethemedical resourcesto the best
extent and save morelifeistoreply onfast and
accurate disaster assessment and pre-planned
andwell-designed system.

When an incidence causestoo many vic-
timsand exceedswhat thelocal medical facili-
ties can afford to accommodate, itiscaled a
disagter. Atthistime, any singleorganizationor
department will not be able to handle, but to
Integrateacrossother organizationsand depart-
mentsto gather resourcesand labor to manage
theimpact brought by thedisaster. Theimpacts
from SARSbring aseriouschallengetothere-
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lated technical research plan and its standard
applicationregulation. When“acontagiousdis-
ease” developedto“avita diseasedisaster”, it
meansthe disease has spread out to the extent
that it has already exceeded the manageable
ability of thelocal contagious disease defend-
ing department. During the early stage, peak
timeandrecovery stageof SARS, thisnew con-
tagiousdiseasebringsnot only themedical treet-
ment problem of acontagiousdisease. Because
themedical industry haslimited knowledgeto
thisnew disease, it raisesthe degree of disease
defense to maintain the safety of the living
environment. At the sametime, it also raises
thedefenselevel form* defending acontagious
disease” to “avital disease disaster”. Taiwan
has* Disaster Prevention and Response Act”
for disaster preventionandresponseand“ Com-
municableDiseaseControl Act” for contagious
diseasesasgpplicablestandards. But whenfac-
ing SARS, such anew and well-spread conta-
giousdisease, they seem not enough. Anyway,
nothing can be donebeforeanewly found con-
tagiousdisease occurs. It alsotakestimetore-
search and devel op how to manageit. Theex-
perience of SARStellsustheimmediate mis-
sion isto how to integrate the existing appli-
cable systemsand raise thefunction of our na
tional emergency response system against di-
sasters and vital disease disasters, before an
efficient responsemode isestablished.

Last threeyears, it looks great from the
related technical research and planning to set
up of the standard application regulation in
Taiwan. Themainquestionwill bethat whether
these research programs were cost-effective.
Wetherein designed thefollowing study to ap-
proachtheissue.
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Materials and Methods

Information collection and organiza-
tion

Our method of assessment will be based on
our specidists meeting to decide the sample
pollutionand detail sof our assessment. Method
of decisonwill be Delphi Technique. Wewill
useanonymousquestionnaireswithrewards, re-
peat the procedures, let the speciaists decide
and select theimportant representative topics
for the detail sof assessment, in order to obtain
objectiveanaysisand results.

Thebasicprocessincludesinitia research
and identification of problems, decisononthe
need of specialists, selection of specialists,
preparation of contents and details for the
questionnaires, mailing, receivingandanayzing
questionnaires, summearizingand providingre-
quiredinformationtovariancesfor second ques-
tionnaireinvestigation. Thisprocessisrepested
until uniform opinionsarereached.

Second stepisto allow specialiststo di-
videtheir individual responsible areasand be
responsi bleto comparethe collected informa:
tion from every countiesand citiesin the past
three yearswith historical information, based
on collected dataand the detail s of assessment
topics, for conclusons.

Also, morethan 50 percent of the county
or city departments of health will be selected
randomly for actua visit and interview to en-
surethe accuracy and reliance of information.
Inaddition, nationa medica centerswill bevis-
ited and interviewed according to hospital as-
sessment teams.

For the statistical analysisand compari-
son on information of every topics, the stan-
dard statistical methodsof SSPSandArtificial
Neural Network Prediction Model will be
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applied.

Cost and benefit analysis
Generdly, cost and benefit analysisontheop-
erational result and quality can be done by
Pareto Principle, marginal analysis, stage
analysis, individua analysisand causeand ef-
fect analysis. According to the disaster medi-
cinerelated researchinour country, from 1996
to present, thefirst three methods of analysis
will not beapplicableduetogradudly improve-
ment on the concept of disaster medicine
knowledge. Thus, individual analysisand cause
and effect analysiswill beapplied. Individual
analysisisbasically to assist the management
to reduce defective rate within its budget of
qudity control, whichisconvex andyssintro-
duced by 11-Woon Kim. Itisto allocate quality
control budgetstoeach quality control process,
inorder to reachitsmaximum effectiveness.
Our national budget on disaster medical
research reacheditsheight inthenext two year
after the 921 earthquake. Sincethen, the bud-
getisgradually reduced. Besdessummarizing
the results of each category in the plan and
evaluating the rate of achievement on the ex-
pected results, our plan will also investigate,
based on the above model, the relationship
between the gradual reduction ontheresearch
budget and actual result and its rate of
achievement, itemize and discuss the advan-
tagesand disadvantages.

1. Short-term Cost
TOTAL COST » TC
TC=TVC+TFC
TVC->TOTAL VARIABLE COST
TFC>TOTAL FIXED COST
AC (AVERAGE COST)



¢

AC=TC/Q
AFC (AVERAGE FIXED COST)
AFC=TFC/Q
AVC(AVERAGEVARIABLE COST)
AVC=TVC/Q
AC=TC/Q=(TVC+TFC)/Q=AVC
+AFC
MC (MARGINAL COST)
MC=ATC/ A
MC=ATC/ A Q=A(TFC+TVC)/
AQ
=(ATFC/ A Q+(ATVC/ A
Q)
=ATVC/ AQ
2(ATFC/AQ=0)
2. Long-term Cost
K » L maychange MIN r*k+w*L
limitedtof (k,L) =Qo
Q1>K1 > L1I?W* L1+r* K1
Q2>K2 > L2?2W * L2+r* K2
1’ LTC LONG-RUN TOTAL COST
LMC (LONG-RUN MARGINAL
COST)
LMC=ALTC/AQ
LAC(LONG-RUNAVERAGE COST)
LAC=LTC/Q
(1)LACistheenvelopecurveof SAC
EX: K1<K2<K3
K1->SAC(K1)
K2->SAC(K?2)
K3->SAC(K3)
Q1*SAC(K3)>Q2*SAC(K2)>
Q3*SAC(K1)
=Q1*C>Ql*b> Ql*a—->choose K1
Q2>K2->LAC=SAC(K2)
Q3->K3->LAC=SAC(K3)
(2 AFC=AC-AVC (AC=AVC+AFC)
(3)TP&TVC
TP=Q=f(L » Ko)=f(L)
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TVC=W*h=W*1f (Q)
2 LMC - SMC
AT Q1> SMC1=LMC
AT Q2 » ALMC =SMC2
AT Q3 ALMC=SMC3
LAC
() QT>LAC!L
(ECONOMICES OF SCALE)
a. Professiona Division of Work
b. Inseparable
c. Mass Purchase of Side Products
(i) QT=> LACT Uneconomic Size

¢ 3)

Results

From cd culationfromthemodel mentionedin
the method, average fixed cost of a disaster
technical planisNT$80,000 and average vari-
able cost is NT$420,000. Total average cost
is NT$500,000.

However, the cost of disaster technical
planvariesfromdifferent types. Inother words,
theresearch plans can be categorized into two
major parts, that is, disaster medicine—related
plansand non-disaster medicinerelated plans.
For disaster medicine-related plans, average
fixed cost of adisaster technica planisNT$80,
000 and average variable cost isNT$380,000.
Total average cost is NT$460,000. For non-
disaster medicinerelated plans, averagefixed
cost of adisaster technical planisNT$80,000
and average variable costisNT$510,000. To-
tal average cost is NT$590,000.

Theabovedataisthe cost analysisof ev-
ery disaster technical plan. Wefurthermorein-
vestigatetheimpact on physicd insultsand the
cog-effectivenessof thedi saster technical plans.
Theimpact on physical insultsof adisaster pre-
vention and response planisfar different from
the impact on rewards of an enterprise. For
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ingance:

1. Thephysical reward of an enterpriseis
usually measured by properties, however,
the physical reward of disaster preven-
tioncanbeintermof life, reputation of an
organization and other related values
whicharemoredifficult to beeva uated.

2.  Anenterprisehasrelatively shorter man-
agement cycle, moreregularity and more
predictable; however, adisaster hasrela-
tivelylonger management cycle, lessregu-
larity andlesspredictable.

We therein need to make the following
revisons
1. Thephysical rewards of adisaster pre-

vention and response plan should be cat-

egorizedasfollows:

A Property

B Life

C Reputationof Organization
2. Theaboverewardsor valuesarepassive,

whichmeanstherelated lossreduction as

aresult of successful inclusion of disaster
technical plan into standard operational
proceduresif asmilar disaster occurs.

Overall, we are comparing the loss on
property and life due to the natural disasters
from 2000to 2004 and thesimilar size of natu-
ral disasters from 1995 to 1999, in order to
obtainthecurvefor short-term cost analysis. If
we cannot find thesimilar sizeof disaster, such
asthe921 earthquake, new evolving contagious
disease such as SARS and etc, these disasters
will beexcludedintheanalyss. Wewill recon-
sder theminthelong-term cost analysis.

By comparison of thelosson lifedueto
the natural disasters from 2000 to 2004 and
thesimilar size of natural disastersfrom 1995
to 1999, there is a 25.6% (367 vs. 489) re-
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duction of lossof lifefrom disasters. After ex-

cluding other possible causes, the short-term

cost for every 1% of reductiononlossof lifeis
caculated asfollows:

1. Oveadl,theaveragefixed costis$1,531,
000 and the average variable cost is $8,
039,000. Total cost is $9,570,000.

2. Forthedisaster medicine related plans,
the average fixed cost is $143,800 and
the average variable cost is $682,900.
Total cost is$826,700.

3.  For the non-disaster medicine related
plans, the average fixed cost is $1,387,
000 and the average variable cost is $8,
843,000. Total cost is$10,230,000.
Inasimilar manner, we comparetheloss

on property dueto the natural disastersfrom
2000 to 2004 and the similar size of natural
disastersfrom 1995 to 1999 and find that the
losson property isreduced by 9.6%. After ex-
cluding other possible causes, the short-term
cost for every 1% of reduction onlossof prop-
erty iscalculated asfollows:

1. Oveadl,theaveragefixed costis$4,041,
000 and theaveragevariablecost is$21,
464,000. Total cost is $25,505,000.

2. Forthedisaster medicine related plans,
the average fixed cost is $383,900 and
the average variable cost is $1,823,300.
Total cost is$2,207,200. Sincetherela
tionisnot significant, thesenumbersare
only for reference.

3. For the non-disaster medicine related
plans, the average fixed cost is $3,703,
000 and theaverage variable cost is$23,
610,000. Total cost is$27,310,000.
Sincethe previousdescribed disaster has

longer cycle and less regularity, it is less

predictable. Inaddition, different disastershave



different cycles, different regularity and differ-
ent predictability. Moreover, our country has
limited disaster informationin someaspects, it
isstill very difficult to perform long-term cost
andyss.

As a result, based on the limited
information, thelong-term cost analysisfor the
disaster medicinetechnical planindicateseco-
nomicsof scae. Whilethelong-termcostanaly-
gsfor thenon-disaster medicinetechnica plan
indicatesuneconomicof scale. However, it ill
cannot be drawn asagood conclusion.

Discussion
Thisreport demonstrated that disaster research
plans, either disaster medicinerelated or non-
disaster medicinerelated, are cost-effectivein
the short-term observation. Thelong-termim-
pact on physical insults and property |oss of
these plans should be drawn as a conclusion
after morelarge-scaleinvestigations.
Inthepast Syears, thereare severa prob-
lemsin our disaster response systems. Theex-
perience of SARStellsustheimmediate mis-
sionisto how to integrate the existing appli-
cable systemsand raisethefunction of our na-
tional emergency response system against di-
sasters and vital disease disasters, before an
efficient responsemodel isestablished. Thedi-
sagter-medicinerd ated plansdemonstrated that
awell-trained professional command systemis
very important. Not only it will complete the
missing puzzlesof theprofess ona knowledge,
but a soitwill bediscounted becausethechange
of acommanding officer. Itisalsowell estab-
lished that Incident Command System isthe
accredited standard command system in all
kinds of disaster nowadays, whichisdivided
into department of execution, department of
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planning, department of logistics and
administration, and financial department. In
addition, itisessentid toestablishaprofessona
disaster research organization or authority.
Thereisno argument that the professiona or-
ganization against contagious diseasesisthe
Center of Disease Control. However, most of
the disaster responses depend upon inter-de-
partment coordination. A generaized, reason-
able and flexible model that can work at most
conditionsof disastersshould beimplemented
under a good policy and a professional
authority. All of theabove conclusionsare be-
lieved to have great impacts on the devel op-
ment of our disaster response systems, but the
cost-effective analysisis rarely mentioned
before. Thesituation may bethesamein other
countries. Asindicated in our report, the cost-
effective analysis has proven the necessity of
implementing suchresearch planstoreducethe
insultsof disastersinthefuture.

We cannot concludeif such cost effec-
tivenesshasreached maximum. Therearemany
factorsthat may affect the effectiveness. For
example, most of the past studiesdemonstrated
that the disastershad unique problemsthat re-
quiredifferent strategies, bothquantitatively and
qualitatively.®® Thedisaster responseinvolves
variabledestruction of communicationsystem,
workingwithdifferent people, solvingdifferent
problems, and using different resources than
thosefor routine emergencies,®® soit hastobe
flexibleintotal operation but constantinrole
playing. Aswementioned before, thelow fre-
quency of devastating disastersalwaysposesa
problem for hospital planners, because few
plannershave had enough disaster experience.
Such adeficiency may beamagjor pitfall inde-
signing adisaster research plan or implement-
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ing adisaster response plan. It may betherea-
son that so-called “ paper plan syndrome” till
cannot disappear as yet. One of the greatest
impedi mentsto disaster preparednessistheten-
dency to believe that it can be accomplished
merely by the completion of awritten plan.
Written plansindeed are very important, but
they are only one of the requirements neces-
sary for preparedness.®*? A written plan can
beanillusion of preparednessif the other re-
quirementsareneglected.

Second, thereisgtill nonationally institu-
tionalized processfor datacollecting, analyzing,
and generalizing theeducation based upon past
experiences. The validity of thedataused in
related analysisisthusquestionable. Historical
records of disasters beyond several decades
ago were not complete and verified. Although
wehaveutilized thedatain recent 10 years, the
informationgatheredisstill limited. Thisisalso
amgjor limitationinour study.

Furthermore, cost-effectivenessanalysis
isatechniquefor selecting among competing
wantswherever resourcesarelimited. Devel-
opedinthemilitary, cost-effectivenessanalysis
wasfirg gppliedtohedth careinthemid-1960s
and was introduced with enthusiasm to clini-
ciansin1977.2 Cogt-effectivenessanalysishas
since become a common feature in medical
literature. Cost-effectivenessanaysisisatool
used to aid decisionsabout whichmedical care
should beoffered. Itisamethod of comparing
the cost and effectiveness of two or more
alternatives. Initsmost common form, anew
strategy iscompared with current practice (the
“low-cogt dternative’) inthecal culation of the
cost-effectiveness ratio: cost-effectiveness
ratio=[ cost —cost o / [effect

new strategy current practi

—effect The result might

new strategy current practi ce] '

Ann Disaster Med Vol 3 No 2 2005

be considered asthe* price” of the additional
outcome purchased by switching from current
practicetothenew strategy. And if thepriceis
low enough, the new strategy is considered
“cost-effective.” However, beingcost-effective
does not mean that the strategy saves money,
andjust becauseadtrategy savesmoney doesn't
mean that it iscost-effective. Itisasotherea
son why some science categories such aslaw
and policy may not beeasily evaluated by cost-
effectivenessanalysis.+%

It s soworthwhiletorecognizethat cost-
effectivenessandysisisonly relevanttocertain
decisions. A cogt-effectivenessanaysisisrel-
evant only if anew strategy isboth more effec-
tiveand morecostly (or both lesseffectiveand
lesscodtly).

Thereare six issuesthat we haveto men-
tionandreview criticaly toverify our findings
to be true.**¢ In other words, there may be
somelimitationsif any of our datainclusondid
not meet thecriteria

Comparison of the relevant strategies
Becauseacogt-effectivenessanalysisinvolves
marginal cost and benefits, thechoiceof which
strategiesto compare candrivethecalculation
and the conclusion of a cost-effectiveness
andysis. Cogt-effectivenessandysisisvery sen-
gtivetothechoiceof strategiesbeingcompared.
Webelievethechoicebeing presentedisredly
the choice that interests those engaged in di-
saster research.

Effectiveness of the data

It's hard to get too excited about cost-effec-
tivenessif the effectiveness of the strategy is
really unknown. So asafirst step, we haveto
examinetheinformationusedfor effectiveness.



Ideally, the data should come from random-
izedtrids. If not, wehaveto scrutinizetheface
validity of the assumptions. We haveto agree
that it isstill aproblem in cost-effectiveness
analysesin disaster researches.

Comparability of effectiveness data
with the strategy used in the real
world

Evenif theeffectivenessdataarefromrandom-
ized trids, it'simportant to ask whether they
really pertain to the population and setting in
which the strategy islikely to be applied. We
should carefully consider the generdity of the
effectivenessdatainthisstudy inredl conditions.

Sources of the cost data

In modeling, investigators have to make as-
sumptionsabout which servicesarelikely tobe
utilized differently—thusdrivingthedifference
in cost. The measurement of resource usein
practice hastheadvantage of capturing utiliza-
tionthat may not beanticipated by investigators.
We should look at the utilization countsthem-
selvesand have some confidenceabout theface
validity of the cost attached to us. If more utili-
zation doesn’'t equal moremoney, something's
wrong.

Funding of the cost-effectiveness
analysis

Most of theinvestigators believethat funding
sources seem to metter. Thereisconsiderable
evidencethat researcherswithtiestodrug com-
paniesareindeed morelikely to report favor-
ableresultsthan areresearcherswithout such
ties. Cost-effectivenessanaysesareparticularly
susceptible to bias—intentional or not.
Conseguently, somejournal s have chosen not
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topublishindustry-supported cost-effectiveness
analyses. % Although our study program has
been granted from Department of Hedlth, there
isno conflict of interest between Department
andus.

Applicability of the analysis
Finally, readersmay want to consi der whether
the entire exercise somehow helped themwith
adecision. Although some cost-effectiveness
andyseshaveextremey highcogt-effectiveness
ratios and other have very low cost-effective-
nessratios, most fal somewhereinthemiddle.
Analyseswith cost-effectivenessratios of $50,
000 per quality-adjustedlife-year may conclude
with an assertion that the analyzed strategy is
“cogt-effective.” # It ishard to know whether
or not thishelpsanyone make adecision.
Inconclusion, our study demonstratedthat
the cost-effectivenessisfavorablefor disaster
medicine research planning in Taiwan.
However, many interferingfactorsstill existand
need to beelucidated by astepwiselarge-scale
investigation.
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