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RESEARCH METHOD

Scope o f Study
In this study, only the internal costs that incurred to the 

institute directly to provide the service of heart transplantation were 
included, so the provider direct costs for transplant procedure from 
the day of operation to the day of discharge are focus , which are 
those costs that are accumulated from the time of surgery to the 
patient’ s in itia l discharge w ill be determined. Those will cover the 
costs in three area where the patient stays, i.e., operating room, 
intensive care unit (ICU) and surgical ward. Therefore the scope are 
described as follow.

1. The study will cover only the provider direct costs which 
are those costs incurred by the hospital during the period of 
transplantât ion.

2. The study w ill focus on the cost from the day of operation 
to the day of discharge.

Key Words D efin itio n s
1. Cost: Cost is referred to the economic cost, including all

the resources input for the specific activities of heart
transplantât ion.

2. The patient with end-stage heart diseases: The subject of
heart disease is quite broad encompassing a multitude of
pathophysiological processes for which medical therapy is only 
palliative. The patient with end-stage heart disease typically has 
"forward failure" demonstrated by signs and symptoms of diminished 
cardiac output, as well as "backward failure", exhibited by pulmonary 
and hepatic congestion. The clinical presentation varies from case to 
case . Some patients may be limited in their daily activities but are 
capable of maintaining sedentary jobs, whereas others are moribund, 
requiring intravenous inotropic support or mechanical cardiac 
assistance. >๒ทy patients find that sleep patterns and eating habits 
disrupted. Routine activities become laborious or even impossible, as 
insidious deterioration progresses (Futterman LG, 1988). 3

3. Heart transplantation: Heart transplantation is an operation 
which performed to the patient with totally incapacitating myopathic 
disease, which may be secondary to widespread coronary-artery disease 
or to idiopathic or rheumatic cardiomyopathy. Patients with 
uncorrectable congenital abnormalities or those who can not be weaned 
from mechanical circulatory support may also survive after heart 
transplantation. (Russell PS. et al 1979)



R e s e a r c h  D e s i g n

It is the cross-sectional study design. Data were collected 
retrospectively from the medical record of the patients transplanted 
during 1987 to 1994.

Population
1. Target population and population to be sampled:

Patients undergone heart transplantation at Chulalongkorn
Hospital during 1987 to 1994.

2. Inclusion criteria: The patients who had heart
transplantation and survived until the in itia l discharge.

3. Exclusion criteria: The patients died during the operation 
and before discharge.

4. Sample size:

We intended to included all cases of heart transplantation 
patients who met the inclusion criteria of the study. But only the 12 
medical record of the patients are available.

Data Compilation
The cost ca tegories was re triev ed  from each p a t ie n t’s medical 

record about treatm ent, laboratory te s t ,  medical and nursing se rv ices. 
Some data are co llec ted  from the record of the un it which provide the 
serv ice to the p a tie n ts  including operating room, in tensive care u n it, 
and su rg ical ward. The costs of drugs, medical supplies and equipments 
were taken from pharmacy department and purchasing department. For the 
d iagnostic  laboratory te s t ,  the unit cost was taken from the ava ilab le  study of " Unit cost of the laboratory te s ts  and d iagnostic  imagine at 
o u tpa tien t department in chulalongkorn Hospital " by Pintusom  Hempisut 
in 1992. The cost was adjusted to the base f is c a l year 1994.

Costing Assumptions
1. A system that calculate costs is based on the uses of 

resources.

2. The distribut ions of expenditure on personnel, equipment and 
other resources among patients fa ll into these categories.

a) Individual patient cost: cost of items clearly identified 
with the patient consumable such as drugs and infusion.

b) Resource-area cost: these derive from the patients' use 
of medical, paramedical and nursing care in the investigation and
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treatment. Each resource-area cost included the appropriate proportion 
of overhead.

3. A patient’ ร use of resources is defined in terms of unit of 
use and unit of items.

Costing Methods
One of the difficulties in examining the cost of heart 

transplantation is that the direct economic costs of transplantation 
include many separate phases of diagnosis and treatment such as 
preoperative" costs, operative costs, postoperative costs and organ 
procurement costs.

This study is limited to an examination of the hospital costs 
from the day of transplantation to the day of discharge. The costs 
before operation and after discharge were not included as their 
compilation was beyond the stage of this study. Finally, the study does 
not address the indirect or long term social costs of heart 
transplantât ion.

To calculate the average hospital cost for each patient, the 
costs to the hospital of individual services actually received by each 
patient was identified, permitting each patient to bear a share of both 
the direct service costs and over head costs on the basis of the level 
of services the patient received.

The total hospital cost was broken down into วิ cost categories 
which are the capital cost and recurrent cost.

a) Direct expenditures for personnel and fringe benefit.
b) Direct expenditures for drugs
c) Direct expenditures for supplies
d) Direct expenditure for diagnostic laboratory test and 

other special treatment
e) Allocated expenditure that is the overhead costs of the 

equipment, and facilities of each area that the patient have been 
involved.

Cost figures are derived from each function by cumulating the 
money value of all resources, including the worker time, utilized in 
performing the various activities within the heart transplantation 
procedureT

1. Id e n tifica tio n  o f a c t iv i t ie s  for heart transp lantation  
procedure.

There are 4 main activities to be identified the input 
resources.

1.1 Donor acquisition either in chulalongkorn Hospital or 
other hospitals.
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1.2 Operation taken in both donor and rec ip ien t.
1.3 Intensive care during immediate postoperative period.
1.4 Routine care for cardiac p a tien t in surgical ward u n til

discharge.
2. Id e n tif ic a tio n  of input resources.
Id e n tif ic a tio n  of resource input is  an important step in the 

cost estim ation process. For heart transp lan ta tio n , the following d irec t medical items should be considered.
2.1 Physician serv ices
2.2 Nursing care service
2.3 Overhead a llo ca ted  of cap ita l co sts .

-Building
-Device or equipment (depreciation  over l i f e  of

equipment)
2.4 Diagnosis te s t

-Routine laboratory te s t  
-Special laboratory te s t  
-Radiology

2.5 Treatment serv ices
-Operating room and anesthesia  service-In tensiv e  care unit
-Routine care service
-A cquisition  of organ transp lan t
-consumable supplies
-Treatment of complication
-Blood products
-Oxygen and gas mixture
-Drugs

The following Table 3.1 gives a d e ta iled  l i s t s  of cap ita l costs 
for heart transp lan ta tio n  procedure. And Table 3.2 l i s t s  the d irec t 
recurrent cost items for the operation.
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Table 3 . 1 . Id e n tif ic a tio n  of cap ita l cost items for heart 
transp lan ta tio n

Category Items
OR

Equipment ะ Surgical ligh t 
Head ligh t 
Heart lung machine 
E lectrocauteryCardiac monitor & d e f r ib i1la to r
Hemotherm
Anesthesia machineHeart lung instruments set
Basic special major instruments set
E lec tric  power sternum saw
Finochietto

ICU
In tra a o rtic  balloon pump Radiant warmer
P ositive  pressure v e n tila to r  
Pressure monitor 
Pulse oximeter Infusion pump 
Suction vacuum
Cardiac monitor & d e f r ib i1 la to r 
Low pressure suction 
Temporary pace maker

Surgical ward
B ird ’s v e n tila to r  Infusion pump 
Suction vacuum 
D efrib i1la to r

Building: Operating room u t i l iz a t io n  space 
ICU u t i l iz a t io n  space Surgical ward u t i l iz a t io n  space

Vehicle: Ambulance for transp o rta tio n  of donor heart 
from o ther hosp ital



Table 3.2 Id e n tif ic a tio n  of recurrent cost items for heart 
tran sp lan ta tio n

Category Items
Personne 1 A team of card io thoracic surgeonA team of an es th e tis t

A team of perfusion is t
OR Nurses
ICU Nurses
WARD NursesNurse aid  & PN (p rac tica l nurse) 
Porters

Blood&Fluid
infusion 0.9% NSS

5%D/NSS5%D/N/2

ร : Mood
FFP (Fresh frozen plasma) 
PRC (Packed red c e ll)

Drugs A ntib io tic
Azathioprine
CyclosporineCalcium gluconate
Isoproterenol
Methylpredn i so 1one
Méthylprednisolone sodium succinate
N ystatin
Phénobarbital e tc .

Medical supplies Disposable items & m aterial e tc .
Laboratory te s t Blood cyclosporine level

Blood sugar,blood gas, blood group
CBC, BUN Cr, E lec tro ly te
Hematocrit
Hémoculture e tc .

D iagnostic radiology Chest X-ray
Heart scan
Echocardiogram
Cardiac ca th e te riza tio nEndomyocardial biopsy
EKG (Electrocardiogram) e tc .

Gas mixture Oxygen, n itrous oxide
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Id e n tif ic a tio n  of the unit of measure of each item is  important 
to  a llo c a te  or d is tr ib u te  the resources across several ca teg o ries. The 
un it of measurements are broadly c la s s if ie d  in to  time sca le , volume, 
weight, d istance , space and number.

3 .  D e t e r m i n a t i o n  o f  m e a s u r e  u n i t .

Table 3.3 Measure un it of the cost items
Category Items Unit of measure

Recurrent costs
Personnel
costs

Salary 
per diem

Time worked (day or hour) for 
pat ientTime worked (day or hour)

Supplies & 
Drugs

Consumable Volume used ( l i t e r ,  e tc ) 
Weight consumed (mg, e tc ) 
Units of used ( ta b le ts , e tc)

Blood & flu id  
infusion

Consumable Units of used

Laboratory
te s ts

Type of the te s ts Number of the te s ts

Dx radiology Type of d iagnostic Number of Dx radiology
Gas mixture 0^, ^ 0 Volumn of used ( l i t e r )
Operation & maintenance

Buildings Equipments
Space u t i l iz e d  (sq.m)

Capital costs
Vehicle Rental

Running
Distance trav e lled  (Km) 
Distance trav e lled  (Km)

Buildings OR
ICUSurgical ward

Space u t i l iz e d  (sq.m) 
Space u ti l iz e d  (sq.m) Space u t i l iz e d  (sq.m)

Equipments OR equipment& 
Instruments
ICU equipment
Ward equipment

Time used (approtion)

Time used (apportion) 
Time used (apportion)
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4. Estimation of un it cost of items
Unit cost or p rice of items means the p rice  of items expressed 

as physical or natu ral u n its . Market values could be co llec ted  for most of the input items.
Capital costs:
Capital items are the ones that la s t longer than one year. 

Capital costs are  expressed as annual costs and to estim ate th is , annualization  fac to rs was used. The steps in estim ating the costs on cap ita l items are:
-  id e n tif ic a tio n  of the cap ita l items
- co llec tio n  of current (replacement) value-  determ ination of the expected useful or working lives of 

each cap ita l items (Reference used in th is  study "Estimated Useful 
Lives of Depreciable Hospital A ssets, 1988. The .American Hospital 
Associât ion

- estim ation of the annual cost by using annualization  facto r
Annualization fac to r can be obtained from the annualization  tab le  (Creese & Parker, 1993).
I f  a given cap ita l item is shared for d iffe re n t a c t iv i t i e s ,  

appropriate disaggregation of th is  cost should be followed based on a llo c a tio n  c r i te r ia .
5. Cost a llo c a tio n  c r i t e r ia .

5 .1 . For equipment & instrum ents:
Adjusted yearly  cost ะ Current value of equipment /

annualisation  fac to r
Cost per hour = Adjusted yearly  cost /  yearly  hour used
Cost per p a tien t = Total hour used * cost/hour

5.2 . For bu ild ing: (Including OR, ICU and WARD)
Estimate the u t i l iz a t io n  area of each f a c i l i ty  in un it of 

square meter and ca lcu la te  the unit cost by using the commercial ren ta l 
ra te  of building space in the same location  per square meter as a unit 
cost per day.

Cost for building = Space used * u t i l iz a t io n  time * unit
cost
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5.3. For veh ic le:
For the veh ic les, the actual cost of the vehicle plus the 

approved highest maintenance cost (normally one th ird  of the cost of 
the vehicle) w ill be used to determine the investment cost on veh ic le . 
However, for ca lcu la tin g  the vehicle costs of one single a c t iv i ty  like 
heart tran sp lan ta tio n , i t  would be more convenient and reasonable to 
use the market p rice  for ren ting  the same type of vehicle.

Using the ren ta l ra te  of the p riva te  hosp ital as 
the un it cost per Km for ambulance.

5 .4 . For personnel:
Salary plus fringe ben efits  and per diem has to be considered for ca lcu la tin g  the per day cost for the personnel.
In th is  study we used the mean of the sa la ry  of the 

personnel who give the d irec t service to the p a tien ts  (physician, 
nurse, a n e s th e tis t , perfusion, nurse a id , po rter) in each area as a 
proxy of the sa lary  of personnel.

Unit cost = (Salary + Benefit + Per diem) /  working hour
Cost of personnel = Time spent for p a tien t * un it cost
A d is tr ib u t  ion of personnel cost was obtained from the ra t io  

of personnel to p a tie n ts  and estim ate the medical and nursing care 
times consumed by the p a tie n t.

For example: In Intensive Care Unit the general planned
nursing care ra t io  is  1:1 fo r the day s h if t  (8 hours) and 1:2 for the 
night s h i f t .  This means that one nurse is  assigned to no more than one 
p a tien t in the day s h if t  or two p a tien ts  in the night s h i f t .

In su rg ical ward the nursing care r a t io  is  1:4 fo r the day- 
s h if t  and 1:9 for the night s h i f t .

For physician i t  is  qu ite  d i f f ic u l t  to  d is tr ib u te  the cost 
fo r the medical care in su rg ical ward but in ICU at least one physician 
should spent 24 hours to the heart transp lan ted  p a tie n t. In th is  case 
we would assume that the time that physician spent to the pa tien t is  
the same ra tio  as the nurse in the su rg ical ward.

5.5 . Supplies & M aterials:
For supp lies, a วิ to 10°o wastage needs to be added to market value of the items to ca lcu la te  unit co st. This should a lso  include 

transp o rta tio n  charges. Donated or subsidized items should be 
incorporated using th e ir  market value.
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Costs of medical supplies for transp lan ted  p a tie n ts  based 
on individual consumption, which are cost of items c le a r ly  id en tified  
with the p a tie n ts , such as drugs, supplies and infusion.

5.6. Maintenance cost:
Estimate the water, e le c t r ic i ty ,  a ir-co n d ition in g  and 

cleaning costs by the time of u t i l iz a t io n . Estimation of annual 
maintenance requirements for buildings is o ften  expressed as a percentage of the to ta l cap ita l cost (2-3% per year) (Hanson and 
G iIson ,1993).

6 .Valuation every inputs in to  money terms
By id en tify  the unit cost of each input and ca lcu la te  the to ta lc o s t .
Valuation of costs:
The sources and methods of valuation  of costs need to be 

c le a r ly  s ta ted . Costs are normally valued in u n its  of local currency 
based on prevailing  p rices of items. All current and fu ture program 
costs are normally valued in constant d o lla rs  of some base year 
(normally present year) in order to remove the e f fe c ts  of in f la tio n  from the an a ly sis . "Cost" is the value of resources used. The ob jective 
of valuing costs is  to  obtain an estim ate of the worth of resources depleted by the program.

7 .Calculât ion of cost incurred.
If  the data  on the un it cost and number of u n its  are  av a ilab le , 

simple m u ltip lica tio n  of these variab les w ill give the ac tual cost of 
each input category. For composite cost measures such as personnel, 
tran sp o rt, equipment and area serv ice , a llo c a tio n  percentage has to be 
used to disaggregate the cost.

Cost models for heart transp lan ta tio n
In assessing the cost of heart tran sp lan ta tio n  procedure, i t  

is  generally  useful to think of the d is t in c t  cost components as 
follows :

1) p re transp lan t cost,
2) evaluation and screening cost,3) transp lan t cost, and
4) post transp lan t cost.
P retransplan t costs are those incurred in caring for an end- 

stage cardiac patien t before transp lan t. Evaluation and screening costs 
are those associated  with "working up " a p a tien t to determine i f  he is a su itab le  transp lan t candidate. In general sense, a l l  of the costs described thus fa r  are p retransp lan t co sts . Transplant costs are those

i m o Q V b
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costs that are enumerated from the time of surgery u n til the p a tie n t’s 
in i t i a l  discharge. F in a lly , postoperative costs are those incurred a f te r  in i t i a l  discharge following the transp lan t.

1. Model for costing  heart tran sp lan ta tio n  program
Total cost of the program = CPTX + + CTy + CPCTy
CPTX = P re tran sp lan ta tio n  Costs
Ç. = Screening Costs
CTX = T ransplantation  costs
CPOTx = Post transp lan ta tio n  Costs
P retransplan t cost is the cost of caring the end stage of heart 

d isease patien t which include inpatient and ou tpa tien t cu rative service
P retransplan t costs = CIP + Cjjp
Cjp = Inpatien t cu rative serv ice cost
Cjjp = O utpatient cu rative serv ice cost
Screening cost is the cost of evaluation  process which include 

a number of d iagnostic  procedures and examinations. The comprehensive 
transp lan ta tion  evaluation  can be done on an ou tpa tien t or inpatient 
b a s is . Components of the evaluation protocol may vary among p a tien ts  but generally  include measurement of these following items:

1) Physical examination
2) Laboratory stud ies
-Biochemical: e le c tro ly te ,L F T ,tr ig ly ce rid e s , ch o le ste ro l,a r te r ia l  blood gas analysis and urine analysis
-Hematologic: CBC, p la te le t  count, PT and PTT 
-Immunologic: .ABO type and antibody screen 
-Radiologic s tu d ies: PA and la te ra l  chest x-ray
3) Pulmonary function te s tin g
4) Cardiac ca th e te riza tio n5) Echocardiogram
Screening cost = Cjp + CQp + Dx + Ex
Cjp = Inpatien t cu rative serv ice cost Cçp = O utpatient cu rative serv ice cost
CDy = Diagnostic procedure cost
CEy = Examination cost



T ransplantation  cost is  the cost incurred by the provider from 
the day of surgery to the day of discharge. Those costs are include 
donor acq u isitio n  co st, operation co st, in tensive care co st, and 
routine care cost.

T ransplantation  costs = + CICU + ร]R + รพ
Cjj0N = Donor acq u isitio n  cost 
CjCU = In tensive care cost 
ĉ p = Operating room cost

= Ward routine care service cost

3~

Post tran sp lan ta tio n  cost is  the cost incurred a f te r  the 
p a tien t in i t i a l  discharge or i t  is a follow up cost which can be also  
on the b asis  of inpatien t or ou tpatien t cu rative service.These are 
include the drug cost and the d iagnostic te s tin g  for re je c tio n  which 
are the major co st.

Post tran sp lan ta tio n  cos t = Cjp + Cgp
Cjp = Inpatien t curative service cost
ĈJP = O utpatient cu rative service cost
In th is  instance, both in- and ou tpa tien t measuree of cura tive  

serv ice were included in the heart tran sp lan ta tio n  process, as well as 
measure of the m edical-surgical treatm ent, d iagnostic  radiology and 
laboratory  te s ts  are  a lso  included. Each of these a c t iv i t i e s  consume 
the h ea lth  serv ice resource that can be measured in cap ita l and 
recu rren t cost. Then to ta l provider cost can be ca lcu la ted  as 
following.

2. Model fo r ca lcu la tin g  the to ta l  provider cost
Total provider cost ะ Capital cost + Recurrent cost

ร:AP = SîLDG + ร  auiP + S eh 
CMp = C apital cost
ร LOG = Cost §
รรบ!3 =Cost EquipmentC^H = Cost of Vehicle

ร EC = ร ER + Sied + S.A8 + CD< + ร:OH
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Cflpç = Recurrent cost 
Cpm = Cost of Personnel 

£0 = Cost of Medication and Supplies
(^18 = Cost of Laboratory te s t
CÊ  = Cost of Diagnostic radiology te s t 

= Cost of other consumable items

3. Model fo r ca lcu la tin g  the personnel cost

PCU = z { z (Drjj*น) + (Nujj*u) + (At-j*u) + (Pe-j*u)
1=1 j= l

+ (Otjj♦ น)}

Where ะPC = Personnel cost 
Dr = Physician 
Nu = Nurse 
At = A nesthetist 
Pe = P erfusion ist 
o t = Other s ta f f  น = un it cost
i = Working time u n its  contributed  to the p a tien t 
j  = Personnel of d iffe ren t departments

4. Model fo r ca lcu la tin g  the equipment cost

EC-j = z { _z (0Rij*น) + ( ICU"*u) + (พ)1-*น)} 
i=l j-1

Where ะ
EC = Equipment cost 
OR = Operating room equipment ICU = Intensive care unit equipment WD = Surgical ward equipment 
i = Items of equipment
j = Proportions of un it a llo ca ted  to the pa tien t 
น = unit cost
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5. Model fo r ca lcu la tin g  the medication and supplies costs

MQ; = z { I  (Dgij*น) + (MS-j*u)} 
i=l j-1

พhere ะ
MC = Medication cost 
Dg = DrugsMS = Materai Is and supplies 
i = Item of drugs, m aterials and supplies 
j = Quantity used for the p a tien t 
น = unit cost

6. Model fo r ca lcu la tin g  the laboratory  and d iagnostic  
Radiology cost

LCj: = z { z (Lbjj*u) + (Reu *น)}
i=l j-1

Where:
LC = Laboratory and radiology examination costs 
Lb = laboratory examinations 
Re = Radiology examination
i = Item o f laboratory or radiology examinations 
j = u n its  used for the pa tien t น = un it cost

7. Model fo r ca lcu la tin g  the bu ild ing  cost
Buq = z (0Ri*น) + ( ICUj*u) + (WDj*u) 

i-1
Where :

BuC = Building costs 
OR = Operating room space
ICU = Intensive care un it space
WD = Surgical ward space 
i = Space used by the pa tien t
น = unit cost
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Data analysis
1. This study is intended to examine only the provider 

in te rn a l d irec t cost of heart transp lan ta tio n  from the day of surgery to the day of discharge.
The cost analysis w ill be the average cost of a patien t 

performed heart transp lan ta tio n .
TC

AC = ----------
ท

(Average cost = Total cost divided by number of p a tien t)
2. The components of costs w ill be analyzed by c la s s if ic a tio n  

of input, that are  cap ita l and recurrent inputs. Cost by area of 
a c t iv i ty  in three area, including operating room, in tensive care unit 
and surg ical ward where the p a tien ts  stay  w ill be also  explored in th is  study. So we can see the d ifference of the costs among those area.

3. The average and percentages of the cost components w ill be 
ca lcu la ted  and compared among each category.

4. Regression analysis was used to find the re la tio n sh ip  
between the to ta l cost and the variab le  of cost components include 
length of stay in the h o sp ita l.

ร. S en s itiv ity  analysis was undertaken to evaluate the e ffec t of length of stay on the to ta l cost.
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