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Abstract

Objective: Accurate measurement of healthcare costs is
required to assess and improve the value of Regadenoson
stress echocardiography (RSE). The purpose of this study
was to determine the costs associated with Regadenoson
stress echocardiography. Methods: Time-Driven Activity-
Based Costing (TDABC) was used to calculate the non-
directly traceable cost of RSE. Data were collected between
January 2021 and December 2023. TDABC steps involved
(1) constructing process maps for the RSE pathway; (2) de-
termining capacity cost rates for staff, medical equipment,
space, water and electricity; (3) measuring the time required
for each process through direct observation and participa-
tion and (4) calculating the total non-directly traceable cost
of RSE. Finally, the total costs of RSE were obtained by
summing up the direct retroactive cost and non-directly
traceable cost. Results: Total costs of RSE were 1306.18
Chinese Yuan ($181.60), of which Regadenoson, human re-
sources and equipment accounted for 61.09%, 19.96% and
13.17%, respectively. Conclusion: Regadenoson expense
was the greatest contributor to the costs of RSE, followed by
labor cost. Understanding the actual costs and cost drivers
of RSE may better inform resource utilization to lower the
cost and improve the quality of RSE.

cost; Regadenoson; stress echocardiography; Time-Driven
Activity-Based Costing

Introduction

Coronary flow velocity reserve (CFVR), defined as
the ratio between maximal (stimulated) coronary blood

flow, induced by using a coronary vasodilator, and baseline
(resting) blood flow [1-4], has been used as a diagnostic
and prognostic tool in various clinical situations, such as
the diagnosis of functionally significant coronary stenosis,
evaluation of patients with intermediate coronary stenosis,
follow-up after percutaneous coronary intervention, evalua-
tion of coronary microcirculation in the setting of hyperten-
sion, diabetes and other conditions, risk stratification in pa-
tients with dilated cardiomyopathy, after heart transplanta-
tion and other diseases and assessment of the effectiveness
of certain therapeutic intervention. It reflects global coro-
nary atherosclerotic burden, endothelial function and state
of the microvasculature [1]. CFVR measured by vasodila-
tor stress echocardiography has been validated against my-
ocardial blood flow reserve measured by positron emission
tomography and invasively using a Doppler wire and has
shown excellent reproducibility and reliability [2—4].

Regadenoson, a kind of vasodilator, selectively acti-
vates A2a receptors, which can be given as a single bo-
lus, weight-unadjusted dose, unlike the weight-adjusted in-
fusion dose of Adenosine and Dipyridamole [5-8]. More-
over, it has less undesirable side effects including atrioven-
tricular block and bronchospasm than Adenosine. This ease
of administration and the reproducible, comparable efficacy
to Adenosine with fewer side effects made Regadenoson the
most widely used pharmacological agent for stress testing
in the United States since its approval by the Food and Drug
Administration (FDA) in 2008 [9]. However, Regadenoson
stress echocardiography (RSE) has not been widely used in
China and its cost has not been studied.

Time-Driven Activity-Based Costing (TDABC), an
approach proposed by Porter and Kaplan [10-12], is a cost-
sharing method using time as a cost generator, which has
been commonly used in the healthcare field in recent years
[13-21]. It has been found that this cost system improves
resource allocation and provides more accurate cost infor-
mation in complex environments with resources focusing
on skills and implicit knowledge such as health care ser-
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vices [22,23]. Therefore, some authors believe that TD-

ABC is the most practical approach for measuring value in
this field [24].

In the present study, we sought to estimate resource
consumption and the total costs of the RSE service for a pa-
tient from a hospital perspective in China using the TDABC
calculation method.

Our study was reviewed and granted exempt status by
the institutional review board (Ethics Committee of Yangpu

Hospital, School of Medicine, Tongji University). The to-
tal costs of RSE were divided into direct retroactive costs
apportioned according to the number of cases, and non-
directly traceable costs based on time. We used TDABC to
calculate the non-directly traceable costs of RSE. The steps
were as follows.

Construction of Process Map for RSE

The process map for RSE was constructed through
direct observation and participation in the clinical set-
ting. RSE mainly had three job centers, which were re-
ception, examination and report production. They were
divided into 8 sub-jobs: triage, pre-examination prepa-

Patient arrives at
reception desk

Greets patient, verifies ID,
checks them in

Patient waits in line

Calls patient in preparation

area, patient signs the informed
consent form, escorts them to
examination room.

Connects 12-lead
electrocardiogram, monitor, gives
intravenous indwelling needle,
connects tee tube.

Patient is lying in
examination bed

Injects Regadenoson,
monitors the patient's symptoms,
electrocardiogram, blood pressure,
blood oxygen saturation, etc

Cleans examination bed,
eplaces disposable items

Patient leaves the
observation area

patient has no discomfort and
electrocardiogram and blood

ithdraws needle when

Patient is kept in the
observation area for 30
minutes

pressure are normal

Patient

Fig. 1. The process map of Regadenoson stress echocardiography.
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ration, conventional echocardiography, Regadenoson in-
jection, stress echocardiography, report production, post-
examination monitoring and examination room reset, which
were interspersed with the connection links in which the
patients were waiting alone. The process map of RSE was
seen in Fig. 1. There was a slight difference in different
hospitals. The operators included doctors, assistants and
nurses. Conventional echocardiography included measure-
ment of cardiac size, function, and hemodynamics, obser-
vation of segmental wall motion abnormalities, scanning
of coronary arteries, and storage of blood flow spectrum
at the distal end of the left anterior descending coronary
artery. Stress echocardiography included the storage of the
blood flow spectrum at the distal end of the left anterior de-
scending coronary artery within 0—2 minutes, 2—4 minutes
and 4-6 minutes after Regadenoson injection, respectively
(Fig. 2), and observation of the 17 wall motion segments of
the left ventricle.

Determination of Practical Capacity Cost Rates

Between January 2021 and December 2023, cost in-
formation was collected from the Cost Accounting Office
of three tertiary hospitals in East China with more expe-
rience using RSE. The cost information of adverse event
management and equipment were also collected from the
Doctor-Patient Communication Office and Equipment Sec-
tion. The categories and numbers of participants in each
step of the examination, as well as the working time were
recorded in detail. From the provider’s perspective, we took
into account the actual costs incurred during RSE accord-
ing to the requirements of full-cost accounting of medical
institutions. They could be divided into direct retroactive
cost apportioned according to the number of cases, such

a

VTL: 14.65 cm

as vasodilator (Regadenoson), sanitary materials, and non-
directly traceable cost based on time, such as equipment
depreciation, equipment maintenance, labor cost, and sani-
tary materials cost. Administrative costs were not taken into
consideration as their proportions were small and were not
easy to collect. In addition, due to the great differences be-
tween regions, only house construction costs were included
in the calculation of house depreciation costs, while land
purchase costs were ignored.

RSE was completed by the cooperation of doctors,
nurses and assistants. Assistants are usually standardized
training residents, whose salaries are comparable to that of
junior doctors. The total cost for a person was equal to the
sum of salaries, benefits costs, and overhead costs. Equip-
ment cost was calculated by summing equipment deprecia-
tion and annual maintenance costs. Equipment depreciation
cost for the current year was calculated by the straight-line
depreciation method (assuming the depreciation life was 30
years). Space costs were based on type and size of rooms
and were defined by the institution. House depreciation cost
for the current year was calculated by the straight-line de-
preciation method (assuming the depreciation life was 30
years). Water and electricity costs were allocated by the
institution. The cost of Regadenoson, sanitary materials,
other consumables and adverse event management were di-
rectly obtained from the Cost Accounting Office in each
institution.

For personnel capacity, the number of days a person
was available in a year was calculated along with the num-
ber of available minutes/day. Vacation, weekends, holi-
days, and time away was typically deducted from the total
number of days in a year to give the number of days a per-
son was available to work. The number of minutes a person
was available to work in a day was calculated by subtracting

|
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Fig. 2. Deceased CFVR was observed in a patient with angiographically proved coronary heart disease. (a) In the resting state;
(b) Regadenoson loading state (3 minutes after intravenous injection of 0.4 mg Regadenoson). Based on the maximum or mean flow
velocity at the distal end of the left anterior descending coronary artery, CFVR is calculated as follows: CFVR = 83.45/47.40 = 1.76, or
CFVR =47.12/27.26 = 1.73. CFVR, coronary flow velocity reserve.
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lunch hour, lecture time, and meeting times from the num-
ber of hours that person was at work per day. The number of
minutes available per day was then multiplied by the num-
ber of days a person was available to work to get the total
number of minutes a person can work per year. The capac-
ity cost rate (cost/minute) was then calculated by dividing
the total cost for a person by the previously calculated to-
tal number of minutes a person was available to work in
a year. Similar to personnel; equipment, space and water
and electricity capacity rate (cost/minute) were calculated
by dividing their cost by the total number of minutes they
were available in a year.

Measurement of the Time Required for Each Process Step

The time required for each process step, i.e., consump-
tion time, was the time needed to perform each activity of
a RSE cycle, which was defined as the number of minutes
a doctor, nurse or assistant spent in each step to perform a
RSE pathway. In our study, consumption time was mea-
sured both manually through clinic observation and using
data from the real-time location system. The doctor partic-
ipated in the examination of the patient throughout the pro-
cess, and the assistant followed the doctor all the way, tak-
ing the same time as the doctor. In addition to triage, nurses
were also involved in preparation before examination, Re-
gadenoson injection and post-examination monitoring. The
consumption time of the equipment was the sum of steps
from the beginning of the preparation before the examina-
tion by the doctor to the end of the production of the report.
The consumption time of house depreciation cost and wa-
ter and electricity sharing cost was the total time of a RSE
cycle.

Calculatation of Untraceable Unit Cost of RSE

Untraceable unit cost of RSE were the product of prac-
tical capacity cost rate (cost/minute) of personnel, equip-
ment, space and water and electricity in a RSE cycle and
their respective number of minutes the patient spends in
each step according to the TDABC cost calculation method.

Calculatation of Total Costs of RSE

The total costs of RSE were obtained by summing up
the cost of various resources, including direct retroactive
cost and non-direct traceable costs.

Cost and its Composition

The average costs and its composition related to RSE
between January 2021 and December 2023 were listed in
Table 1.

Practical Capacity Cost Rate

Between January 2021 and December 2023, the num-
ber of theoretical working days for a person per year was
249.67 days, and 8 hours per day. It is generally believed
that the practical working hours were 85% of the theoreti-
cal working hours. The theoretical working days for a piece
of equipment were 268.92 days and 8.50 hours per day,
and the practical working hours were 90% of the theoretical
working hours. The capacity cost rate of personnel, equip-
ment, space and water and electricity are shown in Table 2.

Table 1. Cost and its composition related to RSE.

Resource category

Cost

Direct retroactive cost
Regadenoson

Sanitary materials

Other consumables

Adverse event management
Non-directly traceable cost

Total human resources

Doctor (senior title)

Doctor (intermediate title)

Assistant/Doctor (junior title)

Nurse

Equipment depreciation

Equipment maintenance

House depreciation

Water and electricity allocation

798.00 CNY per agent

344,736 CNY per year

26,460 CNY per year
1378 CNY per year
90.72 CNY per year

4,665,264 CNY per year
363,712 CNY/person/year
256,327 CNY/person/year
192,852 CNY/person/year
169,680 CNY/person/year

391,667 CNY per equipment per year

105,869 CNY per equipment per year
7965 CNY per room per year
9258 CNY per year

CNY, Chinese Yuan; RSE, Regadenoson stress echocardiography. The exchange rate:

1 US dollars = 7.32768 CNY.
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Table 2. Practical capacity cost rate of personnel, equipment, space and water and electricity.

Annual theoretical/

Annual practical working Practical capacity cost

Category . :
actual working hours (h) hours (h) rate (CNY/min)
Doctor (senior title) 1997.36 1697.76 3.57
Doctor (intermediate title) 1997.36 1697.76 2.52
Assistant/Doctor (junior title) 1997.36 1697.76 1.89
Nurse 1997.36 1697.76 1.67
Equipment 2285.82 2057.24 4.03
House 2285.82 2285.82 0.06
Water and electricity 2285.82 2285.82 0.07

CNY, Chinese Yuan; RSE, Regadenoson stress echocardiography. The exchange rate: 1 US dollars = 7.32768 CNY.

Table 3. Unit job consumption of RSE.

Number of Consumption Number of Consumption Number of Consumption Unit operating

Job center

doctors time (min) nurses time (min) assistants  time (min) time (min)
Clinical reception and triage 1 2.97 2.97
Preparation before examination 1 3.39 1 9.28 1 3.39 16.06
Conventional echocardiography 1 20.23 1 20.23 40.46
Regadenoson Injection 1 1.24 1.24
Stress echocardiography 1 10.54 1 10.54 1 10.54 31.62
Report production 1 6.31 1 6.31 12.62
Examination room reset 1 2.23 1 223 1 2.23 6.69
Post-examination monitoring 1 3.54 3.54
The sum of consumption time 42.70 29.80 42.70 115.20
RSE, Regadenoson stress echocardiography.

Table 4. Untraceable Unit costs of RSE.

Category Capacity cost rate (CNY/min)  Capacity consumption (min) Unit cost (CNY/case)
Doctor (intermediate title or above) 3.05 42.70 130.24
Assistant 1.89 42.70 80.70
Nurse 1.67 29.80 49.77
Equipment 4.03 42.70 172.08
House 0.06 82.72 4.96
Water and electricity 0.07 82.72 5.79

CNY, Chinese Yuan; RSE, Regadenoson stress echocardiography. The exchange rate: 1 US dollars = 7.32768 CNY.

Consumption Time Each Process Step

In our study, the complete process of RSE took about
40-50 minutes. The consumption time of each sub-job is
shown in Table 3. It took 42.70 minutes for doctors, 29.80
minutes for nurses and 42.70 minutes for assistants.

Untraceable Unit Cost of RSE

The untraceable unit costs of RSE are listed in Table 4,
of which equipment was the highest, followed by doctors.

Total Costs of RSE

The total costs of RSE were 1306.18 CNY ($181.60)
(Regadenoson, 798.00 CNY; sanitary materials, 61.25
CNY, other consumables, 3.19 CNY; adverse event man-
agement, 0.21 CNY; total human resources, 260.70 CNY;

Heart Surgery Forum

equipment, 172.08 CNY; house, water and electricity,
10.75 CNY), of which Regadenoson, human resources and
equipment represented 61.09%, 19.96% and 13.17%, re-
spectively (Fig. 3).

To the best of our knowledge, this is the first analy-
sis of coronary flow velocity reserve assessment with RSE
using the TDABC method.

Adenosine and Regadenoson are two common phar-
macologic stress agents used to induce cardiac hyperemia in
patients unable to achieve the target workload by physical
exercise alone, each with different pharmacological prop-
erties, clinical applications and financial impact. Adeno-
sine is a nucleoside that is composed of adenine and d-

E5


https://journal.hsforum.com/

Total costs of Regadenoson stress echocardiography based on TDABC algorithm, 1306.18CNY ($181.60)
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Fig. 3. Pie chart of total cost of Regadenoson stress echocardiography.

ribose. It acts on A(1), A(2A), A(2B), and A(3) adeno-
sine receptors, and is not receptor-specific. As it is the
A(2A) receptor that mediates the desired coronary vasodi-
lation, the A(1), A(2B), and A(3) Adenosine receptors are
deemed responsible for most side effects associated with
Adenosine [25,26]. These sides effects are hypotension,
tachycardia, atrioventricular block, bronchospasm, periph-
eral vasodilatation, and gastrointestinal symptoms [25,26].
Adenosine can be rapidly taken up by red blood cells, with
a short duration of action and a half-life of less than 10 sec-
onds. Therefore, Adenosine may require multiple doses or
continuous infusion. Moreover, Adenosine dosing is de-
pendent on patient weight or renal impairment. Regadeno-
son is the first Food and Drug Administration-approved se-
lective A2A Adenosine receptor agonist used in myocardial
perfusion imaging. Compared to Adenosine, Regadeno-
son dosing is as one injection because of long half-life
[25,26]. Patients were more comfortable during the Re-
gadenoson stress procedure than during an Adenosine in-
fusion. As Regadenoson dosing is not dependent on pa-
tient weight or renal impairment and can be administered
by rapid injection, it has the potential to simplify the stress
procedure, reduce costs, and streamline the working day for
the staff of the ultrasound department. Although Brink et al.
[27] reported that Adenosine exhibited a lower medication
price than Regadenoson based on the average wholesale
price, its multiple administration and complex processes
may increase Adenosine and human capital. When choos-
ing which pharmacologic stress agent to use, clinicians and
managers should consider the specific condition and cost

E6

of the patient. Our study provides help for clinicians and
managers in making choices by analyzing the actual cost of
RSE using the TDABC method. In the future, a large-scale,
multi-center, comparative studies of the cost-effectiveness
of Regadenoson and Adenosine are needed.

At present, the reform of the medical and health
care system in China has entered the deep water zone.
The reform of modern hospital management and medi-
cal insurance payment has been continuously promoted,
and fine management has become the core of the high-
quality development of medical institutions. To quantify
the services provided by healthcare, different cost sys-
tems for allocation of resources have been developed, such
as Diagnosis-Related Group (DRG), diagnosis-intervention
packet (DIP), Activity-Based Costing (ABC) and TDABC.
These cost systems not only effectively regulate provider
behavior, but also improve the rational allocation of the re-
gional healthcare resources. TDABC, in particular, have
served to improve the cost identification, control, and effi-
ciency in healthcare.

Through the real-world data, it was found that the
costs of RSE was 1306.18 CNY ($181.60) per case, which
is lower than other invasive and non-invasive methods in
the field of coronary flow velocity reserve assessment, such
as intracoronary Doppler flow-pressure wire, intracoronary
provocation testing, positron emission tomography and car-
diac magnetic resonance imaging. At the same time, RSE
may be more economical in the case of similar diagnostic
efficiency. In our study, we found that human and equip-
ment resources accounted for 33.13% of the total cost of
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RSE, which indicated that RSE took a long time and the
overall process needed to be optimized. Regardless of the
waiting time of patients, RSE took 46.36 minutes from the
time patients entered the preparation area to sign the in-
formed consent form to the completion of the report. There
was a lack of coordination between process steps, and there
was idle capacity. In the future, it will be necessary to
strengthen the fine management consciousness and reduce
the resource consumption on the premise of ensuring the
quality of the examination. The following two methods can
be used as a reference: one is to arrange a fixed team for the
RSE clinic to ensure the proficiency of the staff and the con-
tinuity of the process; the other is that several clinics share
a drug delivery nurse, and doctors will call nurses to enter
the examination room when they need to inject Regadeno-
son, thus reducing the total number of staff and salary ex-
penses. While the overall scale is still limited, the latter
may be more economical. Therefore, in the early stage of
development, the RSE clinic of the RSE group can be ar-
ranged in the adjacent area, with 1-2 drug delivery nurses
responsible for arranging for patients to the sign informed
consent form, inserting an intravenous indwelling catheter
and injecting the Regadenoson, so as to reduce the resource
consumption caused by idle personnel. After the technol-
ogy has matured, adjustsments in the doctor-to-nurse ratio,
optimization of the operational steps and strengthening the
process management, can further shorten the waiting time.
For medical institutions, compared with other invasive and
non-invasive methods mentioned above, RSE can usually
be examined on the same day or the next day, and the report
can be completed within 30 minutes, which greatly speeds
up the diagnosis and treatment. Therefore, exploring the
scientific process and popularizing the application of RSE
can effectively reduce the backlog of patients in the imaging
department, quickly detect CFVR and release the hospital
capacity.

In addition, the RSE pricing of some hospitals in
China is not closely related to the actual cost to the hos-
pital. The charge after deducting Regadenoson from RSE
pricing is often lower than the actual operating cost of the
hospital, which underestimates the resource investment of
hospitals and doctors, does not reflect the people’s affirma-
tion and encouragement of the value of new technology, and
needs to be further improved.

Limitations

Our study has several limitations involving several
factors, such as job division, time estimation, and indirect
resource allocation. We were unable to quantify the time-
consuming changes caused by the professional quality and
proficiency of the medical staff, and could not completely
describe the advantages of TDABC. We believe that there
will be more related studies to make up for these deficien-
cies and achieve more accurate cost measurements in the
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future. In addition, we only analyzed the situation in hospi-
tals with small sample sizes. It was difficult to avoid devi-
ations in the statistical results. Research based on a larger
sample size will carry more influence.

Conclusion

This study provided a TDABC analysis of coronary
flow velocity reserve assessment with RSE based on the
hospital perspective and reflected the resource consumption
of this technology, which provided a theoretical basis for
medical service pricing. We found that the application of
TDABC in the medical and health care field could not only
describe the operation of service items in hospitals more
accurately, but also allocate the various resources more ef-
fectively. There were, however still some difficulties in the
actual implementation, which are important to the internal
and external cost control of public hospitals.
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