MEDIC.
SCIEN (R

CLINICAL RESEARCH

. e-ISSN 1643-3750

© Med Sci Monit, 2019; 25: 2879-2885
MON TOR DOI: 10.12659/MSM.913358

Aecepted, 20190103 Cost-Effectiveness Analysis of Integrated Care in
publihec: 2010019 Management of Advanced Chronic Obstructive
Pulmonary Disease (COPD)

Authors’ Contribution: acoer 1 Ewa Bandurska 1 Department of Public Health and Social Medicine, Medical University of Gdansk,
Study Design A ABD 2 lwona Damps-Konstafiska Gdansk, Poland

Data Collection B . . 2 Department of Allergology, Medical University of Gdarsk, Gdarsk, Poland
Statistical Analysis C ABD 1 Piotr POPOWSkI 3 National Health Fund, Warsaw, Poland
Data Interpretation D aBD 3 Tadeusz JQdI’ZEjCZYk 4 University Clinical Center in Gdansk, Gdansk, Poland

Manuscript Preparation E ABE 2 Piotr Janowiak
Literature Search F & . .
e Bc 4 Katarzyna Swietnicka
EFG 1 Marzena Zarzeczna-Baran
ADeG 2 Ewa Jassem
Corresponding Author: Ewa Bandurska, e-mail: ebandurska@gumed.edu.pl

Source of support: ST 02-0025/07 grant, Novartis Grant, ST-553 grant, Town Council of Gdafsk

Background: Chronic obstructive pulmonary disease (COPD) is a common disease that occurs all over the world. Models of
care, initially accessed from the clinical point of view, must also be evaluated in terms of their economic effec-
tiveness, as health care systems are limited. The Integrated Care Model (ICM) is a procedure dedicated to pa-
tients suffering from advanced COPD that offers home-oriented support from a multidisciplinary team. The main
aim of the present study was to evaluate the cost-effectiveness of the ICM.

Material/Methods: We included 44 patients in the study (31 males, 13 females) with an average age 72 years (Me=71). Costs
of care were estimated based on data received from public payer records and included general costs, COPD-
related costs, and exacerbation-related costs. To evaluate cost-effectiveness, cost-effectiveness analysis (CEA)
was used. The incremental cost-effectiveness ratio (ICER) was calculated based on changes in health care re-
sources utilization and the value of costs observed in 2 consecutive 6-month periods before and after intro-
ducing ICM.

Results: Costs of care of all types decreased after introducing ICM. Demand for ambulatory visits changed significantly
(p=0.037) together with a substantial decrease in the number of emergency department appointments and
hospitalizations (p=0.033). ICER was more profitable for integrated care than for standard care when assessing
costs of avoiding negative parameters such as hospitalizations (-227 EUR), exacerbations-related hospitaliza-
tions (-312 EUR), or emergency procedures (-119 EUR).

Conclusions: ICM is a procedure that meets the criteria of cost-effectiveness. It allows for avoiding negative parameters such
as unplanned hospitalizations with higher economic effectiveness than the standard type of care used in man-
aging COPD.
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Background

Integrated Care as an optimal way of managing advanced
chronic obstructive pulmonary disease (COPD)

The concept of care integration at a patient’s home was first
described in 1967 [1], but CEE (Central-Eastern Europe) coun-
tries are still working on improving it and shaping its role [2].
As such medical technologies allow avoiding hospitaliza-
tions [3], numerous institutions recommend home-oriented
care in COPD management. It is also commonly accepted to
introduce IC in COPD due to the high prevalence of the dis-
ease and high risk of comorbidities. According to the World
Health Organization (WHO), 65 million people worldwide are
have moderate or severe COPD [4]. Nevertheless, few studies
have focused on COPD and integrated care, even fewer stud-
ies have assessed its economic effectiveness.

One of these interventions is a program carried out in Gdansk
(Poland) called the Integrated Care Model (ICM). The most im-
portant features of the ICM are clinical effectiveness and high
level of acceptance by patients and their relatives [5].

ICM is a home-oriented procedure for patients with advanced
COPD (stage Ill and IV of obturation according to recent GOLD
classification). For this reason, medical and non-medical person-
nel not only educate but also support patients and their fami-
lies. The main goal is to maintain a stable health condition of
the patients, and to avoid exacerbations and hospitalizations.
Moreover, all of them are under regular control of family doc-
tors (GPs) and pneumonologists. Appointments are planned
alternatively every 4 months. Between medical appointments,
patients are visited every 2 weeks by social workers who as-
sist them in everyday activities. Additionally, a study coordina-
tor phones patients once a month and controls their compli-
ance. The exact principle of operation is presented in Figure 1.
Currently, support of patients is the responsibility of the study
coordinator and social workers. The study coordinator, among
others, prepares a schedule of medical visits for patients and
plans visits of social workers. The study coordinator is also
responsible for planning activities of all members of the ICM
(for example: dietitians, psychologists, GPs, pneumonologists,
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priests). In previous studies, the ICM demonstrated a high level
of acceptance by patients and their relatives [5,6].

Steps of pharmacoeconomic assessment in medicine and
ICM

A pharmacoeconomic approach to assessing medical interven-
tions includes analysis and comparison of costs and results
(effects) of introducing medical technology such as integrated
care in managing COPD. The cost-effectiveness method (CEA)
is one of the most commonly used to indicate procedures of
optimal efficacy and acceptable costs, as it structurally indi-
cates the hierarchy of medical technologies depending on their
costs and effectiveness. As a result, it allows allocating a fixed
healthcare system budget between interventions in a way that
builds better public health [7].

The first step is to perform cost analysis, which is analysis of
expenditures related to specific interventions; this step is re-
lated to analysis of direct medical costs, administrative costs,
and indirect costs (if necessary) [8].

The second step is to assess effects of the intervention dem-
onstrated by outcomes that may vary depending on the type
of intervention. These may be changes in state of health of
the patients or quality of life, or changes in demand for med-
ical services.

Analysis of ICM was done from the public payer perspective.
As a result, cost analysis included assessment of expendi-
tures related to standard care (SC) and intergraded care (IC),
which replaced SC after 6 months of observation. Cost anal-
ysis included assessment of both medical and administra-
tive costs (costs of running the ICM). Assessment of effects
involved analysis of changes in demand for medical services
(e.g., number of hospitalizations, visits to emergency depart-
ments, and visits to GPs).

The main aim of the present study was to assess cost-effec-
tiveness of ICM with use of Cost-Effectiveness Analysis. The
secondary goals were to:

— determine costs of standard and integrated care;

oM « First visit to pneumologists (n=1)
Strts | . Telephone visit of a study coordinator (n=1)
« Telephone visit of a study coordinator (n=4)

\—> First 4 months €le !
« Visit of a social worker (n=8)

\—> Next 4 months
\—> ICM continues

according to the
initial schedule

« First control visit to a GP's (n=1)

- Second visit to a pneumologists (n=1)
« Telephone visit of a study coordinator (n=4)
« Visit of a social worker (n=8)

Figure 1. Organization of Integrated Care Model.
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Table 1. Number of cases of most common comorbidities.

Group of health conditions Number of cases

Chronic conditions 53
"""" Chronic renal failure 6
"""" Hyperthyroidism 2
"""" Osteoarthris 5
"""" Non-malignant prostatic hypertrophy 6
"""" Cholelithiasis &
"""" Hyperlipidaemia 8
 Atherosclerosis s
"""" Diabetes melltus 13
 Cardiovascular diseases - o
"""" lschemic heart disease 9
"""" Myocardial infarction in history 7
"""" Congestive heart failure 3
"""" Hypertension 22
Ccances 8
"""" wg 1
"""" Prostate 3
"""" stomach 1
"""" Breast 1
"""" penlle 1
"""" Kidney 1
 Respiratory diseases other than COPD 4
"""" Bronchiectasis 2
Comsthma 2

- evaluate effects of the intervention by assessing changes
in demand for medical services;

— estimate the value of incremental cost-effectiveness ratio
(ICER).

Material and Methods

Study group

During the observation period, ICM was available for 44 patients
fulfilling all the inclusion criteria. All the patients (31 males and
13 females) had to: give their informed consent to enter the
study, have stage lll-1V of obturation according to GOLD, expe-
rience at least 2 exacerbations in 12 months before entering
ICM, and at least 1 hospitalization related to COPD. The aver-
age age was 72 years (Me=71). All of the patients had multiple
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comorbidities (from 2 to 11 different health conditions), most
often from hypertension (n=22) and ischemic heart disease
(n=9). The most frequently diagnosed health problems are
presented in Table 1.

Cost analysis

Cost analysis for ICM purposes was performed based on cost
of treatment and costs of running the ICM.

Data on costs related to running the ICM were provided by
the study coordinator based on official bills and invoices doc-
umenting expenses.

Data on expenditures were provided by the Pomeranian Branch
of the National Health Fund (NHF) and covered 1 year (2 con-
secutive 6-month periods) for each patient in a before-after
study. All analyzes were performed from the public payer per-
spective. In order to estimate all types of direct medical expen-
ditures that might occur in COPD patients, a 3-stage cost anal-
ysis was introduced, which included 3 types of costs:

- | —general ones, meaning charges on all medical procedures
provided in 1 year.

- Il - expenses from medical procedures provided due to COPD
and other diseases of the respiratory system. On the basis of
clinical expertise, 2 of the authors included ICD-10 codes of
diseases and related health problems requiring procedures,
qualified to the group costs of COPD and other diseases of
respiratory system, independently.

— Il - expenditures on medical procedures provided due to
COPD exacerbations. Inclusion of ICD-10 codes was conducted
similarly to the COPD-related costs described above.

Health care resources utilization

Demand for medical procedures (expressed as the number of
medical procedures) was analyzed in subgroups separately
for outpatient procedures and hospitalizations/emergency ap-
pointments within 6-month periods prior and following ICM
introduction. To assess the significance of observed changes,
statistical calculations were used.

Statistical calculations

All calculations were carried out by means of STATISTICA,
StatSoft, Inc. ver. 8.0. statistical package (data analysis soft-
ware system). The chi-squared test was used to determine
the significance of changes in demand described by change
in the number of medical services realized before and after
introducing ICM. In all the calculations, the statistical signifi-
cance level was set to p<0.05.
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CEA analysis

CEA analysis involved a comparison of costs and effects/ben-
efits occurring during the period before and after entering the
ICM. The indicator used to determine cost-effectiveness of
a given intervention is called the incremental cost-effectiveness
ratio (ICER), which is described by the following formula [9]:

ICER:%

172

Where:
C1 - cost of more effective intervention
C2 - cost of less effective intervention
E1 - effect of more effective intervention
E2 — effect of less effective intervention

Effects (E) can be expressed in different ways depending on
the type of technology being analyzed and research needs.
They can be expressed as the number of avoided hospitaliza-
tions, shortening the time of hospitalization, or the number
of deaths avoided.

Results

Cost analysis

We analyzed the expenditures of NHF in 2 consecutive 6-month
periods of time before and after the patients entered the ICM.
The costs of all types decreased after changing type of care
from standard to integrated (Table 2).

The next stage of cost analysis was to assess expenditures re-
lated to running the ICM. Based on the data collected by the
entities involved in project management, they amounted to
915.18 PLN (EUR 2018) per patient per 6 months. This amount
included the costs of patient care (visits of ICM staff mem-
bers, among others: social workers, dietitians, psychologists)
and administrative costs.

Changes in demand for services

The next stage of the study was to assess changes in the de-
mand for medical services resulting from changing the care
type from SC to IC. We found that after including patients in the
ICM, their demand for ambulatory visits (including GP appoint-
ments) changed significantly (p=0.037), (Figure 2A). Patients
more often visited their GPs, but at the same time, the number
of visits to outpatient clinics of other types decreased. Also, the
demand for emergency department appointments and hospital-
izations declined substantially (p=0.033), which is particularly
visible in case of hospitalizations (Figure 2B). Furthermore, the
number of hospitalizations due to COPD exacerbations dropped
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significantly (27 vs. 54). The summary analysis of changes in
demand, in both groups (emergency/hospitalizations and am-
bulatory services) proved that in both cases their numbers
were reduced significantly (p=0.020), as presented in Figure 2C.

CEA analysis

CEA analysis using incremental indicators was determined for
an introductory 6-month period, referred to as initial. Under
the ICER, a value of negative parameters avoided (e.g., hos-
pitalizations) in general and due to COPD exacerbations or
emergency department appointments was more profitable
for IC than SC (Table 3).

ICER has been calculated, taking into account the relevant
types of costs and the effects. For the effect in the form of
avoiding hospitalization, COPD costs were used, as most of
them resulted from this condition or were related to typical
comorbidities. For hospitalization related to the treatment of
acute exacerbations, we used ERP costs, and general expenses
were applied for analysis of visits to emergency departments
(all mentioned in Table 1). Costs after ICM used for calcula-
tion of ICER consisted of medical direct costs and running ICM
model costs. In the case of ERP cost analysis, the number of
patients used for ICER assessment changed, because after the
introduction of the ICM, only 17 people from the initial 26 had
exacerbation of the disease. In case of other indicators, a con-
stant number of patients (n=41) was used, as that was the
number of patients who experienced either hospitalization or
unplanned visits to an emergency department.

Effects, regardless of type, were expressed as avoiding neg-

ative events by replacing standard care with IC. Thus, in the
case of standard care, this effect is always zero.

Discussion

Introducing home-oriented IC causes different effects that con-
stitute a subject of international studies. In the setting of in-
creasing incidence of COPD in Europe and the limited budgets
of health systems, our primary goal was to assess the effec-
tiveness of home-oriented IC, which seems to meet the above-
mentioned expectations, but not in all cases. In our study we
used CEA analysis, which allows assessment of the economic
effectiveness of integrated care in relation to demand-related
results. CEA is recommended, among others, by the WHO [7]
to estimate health-related consequences (so-called natural
effects, including demand-related) of introducing treatment.
This tool is highly accepted and often used. Also, the base-
line assumptions of ICM are similar to the other IC programs
described earlier, although not in all details. Similarly to the
presented study, Steinel et al. demonstrated the influence of
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Table 2. Value of direct medical costs in PLN and (EUR) before and after introducing ICM (n=44).

Observation period General costs COPD costs ERP costs
Before ICM 5627 (1295) 3191 (734) 2444  (526)
After ICM 3577 (741) 1741 (401) 735  (169)

A B
Outpatient visit (p=0.037) Hospitalization and emergency visit (p=0.033)
500 500
— P’ services mm= Fmergency Department
400 —— === OQutpatient not related to (OPD }—m7F78H ——— 400 ——— === Hospitalization (exacerbation)
= (utpatient COPD-related === Al hospitalization
300 300
20 — 20 \
—_—
100 e —— 100
0 0
Before IC After IC Before IC After IC
C N
Summary — ambulatory and emergency + hospitalization (p=0.020)
500 — L ——
400

300 \
s

200
= Ambulatory
100 === Emergency and hopsitalization
0

Before IC After IC

Figure 2. (A) Changes in demand for medical services after introducing ICM — ambulatory (outpatient and GPs) appointments.
(B) Changes in demand for medical services after introducing ICM — emergency appointments and hospitalizations.
(€) Changes in demand for medical services after introducing ICM — summary comparison of ambulatory and emergency
appointments (together with hospitalizations).

Table 3. The summary data on CEA analysis results in PLN and (EUR).

CEA analysis (profitable when ICER<0)

Type of procedures

Before ICM After ICM Before ICM After ICM

T 130 849 108 909

Hospitalizations (31 107) (25 891) 0 66 -332 (-79)
. e s 63 534 28 050

Exacerbation related hospitalizations (15 104) (6 668) 0 27 -1314 (-312)

Emergency procedures (Emergency 230719 184 163 0 93 501 (<119)
Department appointment or hospitalization) (54 849) (43 781)
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multidisciplinary team involvement in the model of care on pa-
tient health and used pharmacoeconomic tools to assess its ef-
fectiveness, although with different methods [10]. Although IC
is used in numerous countries, the study of its economic effec-
tiveness is still incomplete. In the study of McDowell, ICER was
above zero, which indicate high costs, but the authors observed
improved quality of life [11]. Hoogendoorn et al. found growth
of the average care costs after introducing IC; therefore, ICER
was higher than zero. The reason for this might be providing
many additional medical services for patients receiving IC [12].
Additionally, Goossens et al. reported there were only minimal
savings (EUR 65) in indirect expenses [13]. More recent studies
have not fully confirmed the economic effectiveness, and there
was a cost increase of GBP 494 and no clear change in demand
for medical services [14]. Finally, in the rest of the studies, the
economic efficacy of IC was fully or partially proven. For ex-
ample, Boland et al. [15] showed positive effects of multidis-
ciplinary teams on education and lifestyle change based on
results of the Clinical COPD Questionnaire and dyspnea scale
MRC. Similar results were obtained by Kruis et al. [16]. It is dif-
ficult to indicate one specific reason for such significant dif-
ferences in the cost-effectiveness of integrated care models.
Most likely, this is due to their different designs (including the
type of support offered) but also due to the financial condi-
tion of the healthcare system itself. Nevertheless, in our study,
CEA analysis confirmed ICM to be beneficial (ICER<0), which
might indicate that ICM is well-adjusted to the medical needs
of COPD patients; therefore, it results in fewer adverse medi-
cal events, as demonstrated by emergency appointments and
hospitalizations avoided (changes in demand). All of the an-
alyzed factors of CEA analysis seem to support that medical
needs of patients were satisfied by ICM, as they less often
looked for help in the emergency department and were hos-
pitalized less frequently.

Changes in demand for medical services are commonly as-
sessed as a surrogate indicator of effectiveness [17]. After in-
troducing ICM, we observed desirable changes in utilization of
resources, as they resulted in partial replacing of emergency and
unplanned appointments to GPs with scheduled appointments.
Unscheduled appointments dropped substantially (p=0.033),
which corresponds with the results of Bird et al., who found
a 10% reduction in use of emergency services [18]. In the pres-
ent study, the demand for emergency department services fell
by 7.83%; however, for all unplanned services (emergency de-
partment appointments and hospitalizations), the reduction
was 28.98%. Another study, presenting early assisted discharge
from hospital after COPD exacerbation, indicated an increase in
the average number of GPs services; in the case of standard ap-
pointments by 0.11, home appointments by 0.36, and telephone
consultations 0.38 per patient [13]. The demand for GPs ser-
vices rose by 7.14%, which along with reduction in prevalence
of hospitalization, can be regarded as a positive effect of ICM.
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The Integrated Care Model for patients affected by severe
COPD provided in Gdansk and conducted at the patient’s home
with support of specialists such as physiotherapist, psychol-
ogist, nutritionist, patient’s assistant supervised by a coordi-
nator seems to be a beneficial model, as results CEA indicated
that after including patients in the ICM, the care costs were
lowered and the benefits exceeded the charges. ICM was also
more cost-effective in avoiding hospitalizations and unplanned
appointments. Introducing ICM resulted in clear and positive
changes in demand for medical services, in which patients more
often visited GP offices and were less frequently hospitalized.

Conclusions

All the indicators of cost-effectiveness assessment showed
that ICM is a beneficial model of care, both for the patients
and the system. It helps avoid unplanned visits, which can be
considered as a surrogate indicator of improved health. ICM
also saves money by replacing expensive and unplanned vis-
its (e.g., to emergency departments) with less expensive vis-
its to GPs and pneumonologists, which is also more conve-
nient for the patients.

Implications and limitations

The undeniable strength of the presented study is that there
are no other studies in Poland or other CEE countries that used
pharmacoeconomic tools to assess IC effectiveness in COPD.
Such studies, mostly mentioned in this article, were conducted
in western EU countries such as the USA and Canada. Moreover,
in the CEE region there is an urgent need to deepen research in
this area that would include regional specificities and financial
considerations. Nevertheless, there is only one study carried
out in Poland dealing with the assessment of economic effec-
tiveness of care for patients affected by COPD using pharma-
coeconomic tools. It was carried out in Bydgoszcz, but it only
considered one aspect — pulmonary rehabilitation. However,
outcomes of the CEA analysis did not prove pulmonary rehabil-
itation to be beneficial from the public payer point of view [19].
The program provided in Bydgoszcz did not include most of the
services available in Gdansk: education of patients and their
families, treatment coordination by the study coordinator, vol-
unteers, and social workers. ICM is the first such broad pro-
gram providing IC for patients suffering from advanced COPD
in Poland. Our study is thus the first to use pharmacoeconomic
assessment of IC in the region.

The weakness of the study is the small size of the study group,
which is because the public payer does not finance ICM, so it is
available only locally, as it uses funds from grants, non-govern-
mental organizations, and local government. Currently, the on-
going arrangements for initiation of the negotiation procedure
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with the public payer are being settled. This would allow in-
creasing the number of patients, conducting the longitudinal
research, and exploring further implications. Nevertheless, the
effects of the present study show clear evidence of the poten-
tial ICM cost-effectiveness.
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