Journal of Humanitarian Cardiovascular Medicine

Vol 1, No 1 (2022)

1st Issue

Cost Effectiveness Analysis: Small Country
Pediatric Cardiac Surgery Program Development

Marcelo Cardarelli, Viadimir Chadikovski, William
Novick

doi: 10.12681/jhcvm.30093

Copyright © 2022, Journal of Humanitarian Cardio Vascular Medicine

This work is licensed under a Creative Commons Attribution-NonCommercial-
ShareAlike 4.0.

To cite this article:

Cardarelli, M., Chadikovski, V., & Novick, W. (2022). Cost Effectiveness Analysis: Small Country Pediatric Cardiac
Surgery Program Development . Journal of Humanitarian Cardiovascular Medicine, 1(1).
https://doi.org/10.12681/jhcvm.30093

https://epublishing.ekt.gr | e-Publisher: EKT | Downloaded at: 19/05/2026 12:13:49




Journal of Humanitarian Cardiovascular Medicine

Cost-Effectiveness Analysis: Small
Country Pediatric Cardiac Surgery
Program Development

Marcelo G. Cardarelli MD, MPH'#, Vladimir Chadikosvki
MD, PhD?, William Novick MD, MS.3#4

" Inova Children Hospital, Falls Church, Virginia USA, Dept. of
Surgery

2 Acibadem Hospital, Skopje, Northern Macedonia

3 University of Tennessee Health Science Center, Department of
Surgery Global Surgery Institute, Memphis, Tennessee USA

4 The William Novick Global Cardiac Alliance, (Non-Governmental
Organization, Memphis, Tennessee, USA)

Meeting Presentation

13" Global Forum on Humanitarian
Medicine in Cardiology & Cardiac
Surgery, Athens, Greece

Corresponding author

Marcelo Cardarelli, MD, MPH,
Pediatric Cardiac Surgery, Inova
Children Hospital,

3300 Gallows Rd. Office C8-168,
Falls Church, VA 22042 Office: 703-
280-1473 Fax: 703-280-5858
email: marcelo.cardarelli@cardi-
ac-alliance.org

Keywords

Pediatric Cardiac surgery, Cost-Ef-
fectiveness analysis, Outsourcing
Healthcare

Objectives: The cost-effectiveness of sending children abroad for treatment of their congenital
heart disease (CHD) in small population countries versus developing a local program should be
carefully considered. From the purely economic viewpoint, we investigated, the cost-effectiveness
of developing such program in a small Eastern-European country.

Methods: Calculated costs during different stages in developing a program in North Macedonia
were obtained from the Ministry of Health. All patients diagnosed and surgically treated between
2010 and 2017 were included in three distinctive periods.

2010-2012 - Outsourcing (All patients sent abroad for surgical treatment)

2013-2016 - Foundational (Program development with assistance from a global charity organiza-
tion)

2017 - Tutelage Period (Semi-Independent program)

Cost-Effectiveness is provided in US$ per Disability Adjusted Life Years (DALY) a unit of health
value.

Results: Between January 2010 and December 2017, 384 patients diagnosed with CHD under-
went surgical treatment at government expense. The breakdown was: 125, 204, and 55 patients
in each period.

The cost-effectiveness of the intervention was $315, $297, and $251 per DALY averted, respec-
tively.

Conclusions: Surgical treatment of patients born with CHD is a highly cost-effective intervention,
irrespective of the approach taken. Even after accounting for the initial capital investment costs,
developing a local pediatric cardiac surgery program seems to be slightly more cost-effective than
outsourcing.
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With a documented rate for CHD of 7,669 new
cases per million live births' and a daily global
birth rate of 353,000 live births”, we could esti-
mate a global incidence of nearly 980,000 new
CHD patients born every year. Most of these pa-
tients are born in low- and middle-income coun-
tries (LMIC), lacking the most basic infrastruc-
ture to deal with the diagnosis of CHD, let alone
its surgical treatment

Some LMIC, with sufficient funding for a pub-
lic health system capable of providing primary
and secondary healthcare, may lack the sys-
tematic approach, equipment, or the knowledge
to deal with the complexities of CHD diagnosis
and treatment safely. Instead, they may resort to
some form of outsourcing of cardiac services to
reduce their infant mortality rate.

When resources are lacking, the cost-effec-
tiveness of alternative management strategies
should be carefully considered to secure an
equitable allocation of the limited public health
system resources. We investigated the cost-ef-
fectiveness comparison between different CHD
management strategies implemented by the
public health system of North Macedonia.

An Institutional Review Board waiver was
granted for this study by the IRB Committee of
the University of Tennessee.

Every patient diagnosed with CHD and surgi-
cally treated with funding provided by the Repub-
lic of North Macedonia Ministry of Public Health
between January 2010 and December 2017 was
included in the study.

Data obtained from the Ministry of Health of
North Macedonia database was used to account
for the patients diagnosed and treated and to cal-
culate total expenditures during the period. Pa-
tients were divided into three groups, according
to the strategy used.

2010-2012 - Outsourcing period
All patients were sent abroad (Sofia, Bulgaria)
for surgical treatment

2013-2016 - Foundational period

In-country program development with help
from a specialized global charity organization
utilizing existing University hospital facilities and
reassigned local personal

2017 - The Tutelage Period

A semi-independent program with its own lo-
cal human resources and the monthly assistance
from a small group of specialized professionals
from Belgrade, Serbia.

Costs

During the Outsourcing Period, the referral
of patients abroad was based on a capitation
system (fixed payment per patient treated inde-
pendently of diagnostic complexity and including
up to 20-day hospital admission). The treating
hospital billed extra charges incurred beyond
the 20-days capitation period on a case-by-case
basis. Neither the costs beyond the 20-day cap-
itation for the handful of complex cases that re-
quired it nor the transportation and lodging costs
for the patient and companion family member
were available, therefore are not included in our
calculations.

The Foundational Period costs included: Cap-
ital equipment, disposable materials, selected
medications, administrative service fees, and
travel and lodging expenses for a large team of
foreign specialists sent by an established foun-
dation (The William Novick Global Cardiac Alli-
ance) specialized in this type of program support
and development.

During the Tutelage Period, the costs includ-
ed limited capital equipment, disposables, med-
ications, service fees, and lodging expenses for
a smaller team of specialized professionals from
Belgrade, Serbia.

All costs are presented in 2018 US Dollars
and with a 3% discounting

Cost-Effectiveness Calculations
Cost-Effectiveness of the interventions was
expressed in 2018 US Dollars per DALY averted
and it was calculated on a patient-by-patient case
by applying a formula used for different congen-
ital heart defects in a previous publication by the
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authors.® Once the individual cost-effectiveness
of surgical treatment for each patient in each pe-
riod was calculated, it was then averaged among
all patients treated within a period. Mortalities
during each period, with their negative effect on
the DALY's averted, were properly discounted.

Between January 2010 and December 2017,
384 patients diagnosed with CHD underwent
surgical treatment for their congenital heart dis-
ease at the expense of the North Macedonia
Ministry of Health. The breakdown was: 125 pa-
tients treated during Outsourcing (2010-2012),
204 during Foundational (2013-2016), and 55
patients during the first year of the Tutelage pe-
riod (2017). Mortality between 2013-2017 was
8%. Mortality during the Outsourcing period was
never reported back to the Ministry of Health
therefore a standard mortality of 5% was used in
the calculations for that period.

Total global costs were: $1,826,791;
$2,813,112 and $639,812 for each period,
while costs per patient operated were $14,614,
$13,789 and $11,632 respectively.

Using our previously published average of
46.3 DALYs averted per patient operated®, the
cost-effectiveness for the different management
strategies was estimated to be $315, $297, and

$251 per DALY averted during each correspond-
ing period. Itemized costs for each period can be
found in Table 1, and the surgical case mix by
risk category is presented in Table 2.

During the Foundational period, the charity in
charge of program development realized nine-
teen trips a 2-week duration each, adding up to
38 weeks of in-country presence. The median
size of the international team of specialists par-
ticipating on each trip was 15 members (range
12-19) and included surgeon, perfusionist, scrub
nurse, intensive care specialists, nurses, an-
esthesiologist, respiratory technician, cardiol-
ogist and nurse practitioner or nurse educator.
The costs of airfare and lodging for each team
member, as well as the charity administrative fee
charges, were included in the estimates.

During the Tutelage Period, the surgical visit-
ing team (one week per month) was significantly
smaller (7-8 members) consisting of a senior sur-
geon, cardiologist, anesthesiologist, perfusionist,
an intensive care specialist and two critical care
nurses. All team members were from Tirshova
Hospital with a 30-year-old program and experi-
enced in all aspects of congenital heart disease
management. The visiting team during this peri-
od traveled only 400 kilometers, allowing for min-
imal travel expenses while providing close col-
laboration, consistency, and continuity of care.

Costs per period, costs per patient, and costs per DALY Averted

Disposable Cost per G pel DALY
. e Capital ) Service | Travel Patients . Averted
Period Capitation ! Materials Total patient
Equipment Fees | /Lodge operated (Averaged 46.3
/Meds treated .
DALY/patient)
Outsourcing $315/per DALY
(2010-12) $1,826,791 $1,826,791 125 |$14,614 Averted
Foundational R $297/per DALY
(2013-16) $664,874*| $938,832 |$680,000/$610,406|$2,813,112| 204 [$13,789 Averted
Tutelage . $251/per DALY
(2017) $126,101" | $311,000 [$178,000| $24,711 | $639,812 55 $11,632 Averted

All costs in 2018 dollars and at 3% discounting

A Includes: Bedside Monitors; Cardiopulmonary Bypass Machine; New X-Ray System; ACT Machine; Temporary Pace-
makers; Surgical Instruments (2 sets); Pediatric Cardio-probe for ultrasound machine.

* Includes: Syringe pumps; Ultrasound equipment.
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Number of patients in each risk adjusted categories between January 2010 and December 2017

RACHS-1 (Risk Adjusted Congenital Heart Surgery)’

RACHS-1 Outsourcing Foundational Tutelage

Risk 1 23 37 10

Risk 2 59 96 26

Risk 3 34 55 15

Risk 4 9 14 4

Not RACHS case 0 1 0
Adult Congenital 0 1 0
125 204 55

Not RACHS-1 classifiable patients and adult congenital patients were included in order to accurately calculate the costs-

per-surgery but excluded from the DALY's averted calculations

Most published cost-effectiveness analyses
related to cardiac surgery are circumscribed to
answering very specific questions, such as the
cost-effectiveness of using a particular device
or to compare alternative ways of performing a
procedure®.

We are unaware of a published study inves-
tigating the cost-effectiveness of opening a sus-
tainable pediatric cardiac surgery program.

Outsourcing may take different formats.
Health authorities may choose to send complex
patients for treatment to an outsourced public
or private healthcare center abroad (contract-
ing-out), or they may decide to redirect those pa-
tients towards a specialist provider in the private
sector within country borders (contracting-in).

Outsourcing may be of a mixed format, by
exploiting idle capacity in public health facili-
ties while hiring the know-how abroad (NGO or
specialized charity) for organizational, clinical
and educational tasks. This alternative form of
“in-country outsourcing” may be favored when
local specialists are unavailable, but there is a
strong interest in treating complex patients within
the country, near their families and social support
network.

Contracting-out is not a new concept, and its
use is not limited to LMICs. Some of the earliest
adopters of contracting-out were western health
systems, and its implementation goes beyond

clinical interventions (e.g., food services, mate-
rials management, pharmacy services, and oth-
ers)

Contracting-out healthcare services from gov-
ernment to non-state providers in LMIC may im-
prove the delivery of a particular service,”'® and
in some cases, it may represent the only avail-
able option for the delivery of primary care, as is
the case in so-called “fragile states.”

Contracting-out of health services has been
documented across several European Union
countries (Ireland, UK, Norway, Netherlands,
Germany, Denmark)'?, New Zealand'” and more
specifically regarding cardiac surgical services at
the Canada - USA border.

The contracting-out of primary care services
to foreign charities is a simple alternative solu-
tion with good results in many LMIC.

In this case, the development of a de novo
service for pediatric cardiac surgery at a state-
owned hospital was driven by local stakeholders
interested in providing higher complexity ser-
vices within the capital, with the hope of a less-
er emotional toll on the families of the patients
and the goal of reducing healthcare expenses in
some critical areas. An element not found in the
literature, and certainly not a factor during the
decision-making process, at least in this case,
is the unexpected benefit associated with the
“spill-over” effect of the development of pediatric
cardiac surgery program over other areas of the
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hospital. Several clinical and support services
are likely to be positively influenced in their care
delivery from working in proximity to a new ter-
tiary specialty. Not much has been published in
this respect, and an accurate quantification of
hospital wide benefits of developing a pediatric
cardiac surgery program is long overdue.

Current status

Nine years after the inaugural development
trip, program’s status is as follows. While the
program has been moved from the public Uni-
versity hospital into a private hospital, it contin-
ues to provide free cardiac surgery care for all
children born in North Macedonia and their fami-
lies. The capitation payment continues as it was,
adjusted for the cost of living. Most patients diag-
nosed with congenital heart disease at birth are
managed by this program, with a total volume of
between 100-120 cases a year, including hybrid
management of hypoplastic left heart syndrome
with mortality similar to that of other Eastern Eu-
ropean countries. The program does not treat
patients in need of a heart transplant yet.

The decision between outsourcing and develop-
ing expensive health services in a small country is
always difficult and subjected to the willingness to
pay by the public health authorities. We attempted
in this study to present a clear view of the costs-ef-
fectiveness options to facilitate an informed deci-
sion by other countries in a similar situation.

All three management strategies proved to be
highly cost-effective. Despite the significant initial
capital costs, the development of a pediatric car-
diac surgery program seems to become a more
cost-effective intervention by the fourth year.

Arguably, a potential critique of our study
would be the absence of patient’s clinical data
(diagnosis, age, weight, etc.) following the argu-
ment that by not knowing such critical informa-
tion, no equivalent comparison between the cost
for each period could be drawn.

The logic behind such reasoning would be

correct in a Fee-for-Service type of healthcare
system, but under a Capitation system such as
the one described here, where every surgery is
paid a global fee regardless of the diagnosis, risk
stratification, age and outcome, we believe the
absence of specific clinical data, becomes prac-
tically irrelevant.

The intention of this manuscript was to study
the political decision process and the econom-
ic analysis behind the decision as to whether
developing a pediatric cardiac surgery program
from scratch in this small country would be bene-
ficial. There are no clinical implications meant to
be drawn from our study.

As with most cost-effectiveness analysis, sev-
eral assumptions were made. For instance, the
calculated averted DALYs for the cohort of pa-
tients in each period were averaged among all
the patients regardless of diagnosis or operation.
Otherwise, the DALY's averted per patient would
vary significantly between simple and highly
complex diagnoses. The purpose of this paper
was not to speculate whether some surgeries
are more cost-effective than others but whether
having a program is more cost-effective than not
having one.

During our calculations of the DALYs avert-
ed, we decided to avoid using age-weighting and
health discounting, understanding that if applied,
both principles would lessen our cost-effective-
ness results. We based our decision on published
opinions underscoring the highly controversial
nature of these adjustment tools in calculat-
ing DALYs. The concept of age-weighting
seems, from a purely ethical position, debatable
given the fact our interventions were specifically
targeted towards the least “productive” members
of society, neonates, and children.

While we used discounting at 3% per year on
the costs of the intervention, we refrained from
using discounting in DALY's calculation since we
believe “unlike money, health cannot be invested
to produce future gains”.

The exclusive use of Cost-Effectiveness
thresholds to decide allocations of public health
resources can be contentious and may induce
public debate.”’ The mere definition of what
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constitutes cost-effectiveness in LMIC* is not
enough to guide public health policy and, a few
non-economic factors may have to be taken
into consideration. For instance, the unmeasur-
able benefits of family closeness and know-how
transfer should also play a meaningful role in
these decisions.

Our situation in North Macedonia was unique.
During the Foundational and Tutelage periods,
all needed vacant positions to eventually provide
the services autonomously were pulled from ex-
isting hospital staff and re-trained, consequently
lowering costs. We do realize that to create an
entirely independently functioning pediatric car-
diac surgical unit, all of these positions would
need to be filled permanently, thereby affecting
the final financial cost. However, given the ac-
tual salary costs in North Macedonia at the time
of the intervention, the high cost-effectiveness of
the intervention would not have been greatly af-
fected by including new personal costs.

Finally, a case could be constructed favoring
outsourcing services to a foreign regional pro-
gram, increasing its volume while maintaining
or even improving their morbidity and mortali-
ty. While the idea of regionalization of pediat-
ric cardiac surgery programs argues in favor of
reaching a minimum volume of cases per hospi-
tal and per surgeon at which mortality would be
theoretically lower, ** the many positive effects of
developing an in-country solution, including but
not limited to the family-social ones should not
be overlooked.

An understandable concern about the deci-
sion-making process is, why not use a team like
the one used during the Tutelage period through-
out the entire development, hence augmenting
savings.

Starting the first pediatric cardiac surgery pro-
gram in a country with no history of pediatric car-
diac surgery in the public sector and no history
of neonatal cardiac surgery at all (and no pub-
lic adult cardiac surgery program for that matter
either) is a complex process. From training the
human resources in every aspect of the special-
ty to the decisions on equipment purchasing or
clinical space modifications and functionality, ev-
erything had to be planned de novo. While one-

time teams coming into a country to do cardiac
surgery are easily found, few alternatives exist
to develop a de novo program. Our organization
specializes in such endeavors. Once the pro-
gram, the equipment, and the human resources
were in place, the clinical spaces were function-
ing, and most importantly, the know-how became
routine, it was much easier for the political deci-
sion makers to find a less expensive alternative.
Lastly, there is the question of Service Fees.
When developing a program at a location where
no human resources are available and training
of these resources is paramount, we normal-
ly resort to bringing a full line of specialists on
every trip (surgeon, anesthesiologist, intensive
care specialist, perfusionist, respiratory techni-
cian, critical care nurse practitioner and several
nurses).

With that in mind, and while we welcome
volunteers to participate in our program devel-
opment trips, our organization counts on sever-
al staff members who are salaried and work full
time traveling and participating in the care of our
patients and the systematic training of the local
specialists. As an organization dedicated to de-
veloping sustainable pediatric cardiac surgery
programs, we cannot afford to have vacant po-
sitions when arriving at a site. Our ongoing com-
mitments and frequent concomitant trips make
relying exclusively on volunteers unreliable.

None

None

e The treatment of children born with CHD in
small countries lacking cardiac surgery ser-
vices presents a social, economic, and health
policy challenge.

« Surgical treatment of these patients is highly
cost-effective, regardless of the approach.

» The decision to develop a sustainable
in-country program seems to be slightly
more cost-effective than outsourcing health
services.

Journal of Humanitarian Cardiovascular Medicine 2022, 1(1) 27



Cost-Effectiveness Analysis: Small Country Pediatric Cardiac Surgery Program Development

10.

1.

12.

J I. E. Hoffman, S Kaplan. The Incidence of Congenital Heart
Disease J Am Coll Cardiol 2002;39:1890 -900

UNICEF data, (http://www.theworldcounts.com/stories/How-
Many-Babies-Are-Born-Each-Day) Accessed September 09,
2018

Pezzella AT. International cardiac surgery: a global perspec-
tive. Semin Thorac Cardiovasc Surg 2002;14(04):298-320

Saxena A. Strategies for the improvement of cardiac care
services in developing countries: what does the future hold?
Future Cardiol 2012;8(01):29-38

Hoffman JIE. The global burden of congenital heart disease.
Cardiovasc J Afr 2013;24(04):141-145

M. Cardarelli, S. Vaikunth, K. Mills; et al.Cost-effectiveness
of Humanitarian Pediatric Cardiac Surgery Programs in Low-
and Middle-Income Countries. JAMA Open Network - Novem-
ber 16, 2018. doi:10.1001/jamanetworkopen.2018.4707

J Perrot. Different approaches to contracting in health sys-
tems. Bulletin of the World Health Organization | November
2006, 84 (11)

A R Vining, S. Globerman., Contracting-out health care ser-
vices: a conceptual framework Health Policy 46 (1999) 77-96

Odendaal WA1, Ward K, Uneke J, et al. Contracting out to im-
prove the use of clinical health services and health outcomes
in low- and middle-income countries. Cochrane Database
Syst Rev. 2018 Apr 3;4:CD008133. doi: 10.1002/14651858.
CD008133.pub2.

Vong S, Raven J, Newlands D., Internal contracting of health
services in Cambodia: drivers for change and lessons learned
after a decade of external contracting. BMC Health Serv Res.
2018 May 22;18(1):375. doi: 10.1186/s12913-018-3165-z.

N. Palmer, L. Strong, A. Wali, et al. Contracting out health
services in fragile states BMJ. Health policy 2006 Mar 25;
332(7543): 718-721. doi:10.1136/bm|.332.7543.718

I. A.Glinosa, R. Baetenb, H.Maarsea., Purchasing health ser-

vices abroad: Practices of cross-border contracting and pa-
tient mobility in six European countries Health Policy Vol 95,

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Issues 2-3; 103-112May 2010,

Ashton T., The benefits and risks of DHBs contracting out
elective procedures to private providers. N Z Med J. 2010 May
14;123(1314):84-91.

K Grumbach, G. M.Anderson, H. S. Luft,; et al., Regionalization
of Cardiac Surgery in the United States and Canada Geograph-
ic Access, Choice, and Outcomes. JAMA. 1995;274(16):1282-
1288. doi:10.1001/jama.1995.03530160034030 October 25,
1995

S. J. Katz,H. F. Mizgala, et al. British Columbia Sends Patients
to Seattle for Coronary Artery Surgery Bypassing the Queue
in Canada. JAMA. 1991;266(8):1108-1111. doi:10.1001/
jama.1991.03470080078033 August 28, 1991

Tanzil S, Zahidie A, Ahsan A, Kazi A,. A case study of out-
sourced primary healthcare services in Sindh, Pakistan: is this
a real reform? BMC Health Serv Res. 2014 Jun 25;14:277.
doi: 10.1186/1472-6963-14-277.

Liu X, Hotchkiss DR, Bose S., The effectiveness of contract-
ing-out primary health care services in developing countries: a
review of the evidence. Health Policy Plan. 2008 Jan;23(1):1-
13. Epub 2007 Nov 13. Review.

Barendregt JJ, Bonneux L, Van der Maas PJ. DALYs: the age-
weights on balance. Bull World Health Organ 1996;74(4):439-
443.

Arnesen T, Nord E. The value of DALY life: problems with
ethics and validity of disability- adjusted life years. BMJ.
1999;319(7222):1423-1425. doi:10.1136/bmj.319.7222.1423

Torgerson DJ, Raftery J. Economic notes: discounting. BMJ.
1999;319 (7214):914-915. doi:10.1136/bmj.319.7214.914

H-G Eichler, S. X. Kong, W. C. Gerth., Use of Cost-Effec-
tiveness Analysis in Health-Care Resource Allocation Deci-
sion-Making: How Are Cost-Effectiveness Thresholds Expect-
ed to Emerge? Value in Health Vol 7 « Number 5, 2004
Choosing Interventions that are Cost Effective. WHO-
CHOICE. (https://www.who.int/choice/en) Accessed July 12,
2018

E A Halm, C Halm, MR Chassin., Is Volume Related to Out-
comes in Health Care? A Systematic Review and Methodolog-
ic Critique of the Literature. Ann Intern Med 2002;137:511-520

28

Journal of Humanitarian Cardiovascular Medicine 2022, 1(1)


http://www.tcpdf.org

