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Purpose: Patient blood management (PBM) is a patient-centered, evidence-based, multidisciplinary approach aimed at optimizing
hemoglobin concentration, ensuring the continuity of hemostasis and minimizing blood loss in patients undergoing surgery. The aims
of this study were: (1) to explore the cost-effectiveness of comprehensive anemia management, the first pillar of PBM, in non-cardiac
and cardiac surgery from the Turkish Social Security Institution’s (SSI’s) perspective; and (2) to explore the potential budget impact of
PBM for coronary artery bypass grafting (CABG) and hip and knee arthroplasty to the SSI.
Methods: Cost-effectiveness and budget impact models were developed based on the avoided postoperative adverse events following
implementation of the first pillar of PBM for non-cardiac and cardiac surgical patients. The probabilities of adverse events (sepsis with
and without pneumonia, renal failure, myocardial infarction and stroke) were taken from a recent meta-analysis and the costs of
treating these adverse events to the SSI were estimated through expert views and the use of SSI guidelines.
Results: The PBM arm dominated the control arm for both non-cardiac and cardiac surgeries in terms of cost-effectiveness in the
simulated cohort of patients and was associated with improved outcomes and lower costs (1768 and 1244 avoided adverse events, and
incremental cost reductions for non-cardiac and cardiac surgery of 7504 Turkish lira [TRY] and 6102 TRY, respectively). The budget
impact analysis showed that PBM is a potential cost-saving option for the SSI, with savings of up to 196,937,705 TRY (€12,841,697)
for hip and knee arthroplasty and 24,642,504 TRY (€1,606,861) for CABG surgery.
Conclusion: PBM is a cost-effective option with a potential of cost-saving for cardiac and non-cardiac surgery in Turkey.
Keywords: patient blood management, cost-effectiveness analysis, budget impact, Turkey; Turkish healthcare system

Plain Language Summary
Patient blood management (PBM) is an approach to treating patients with the goal of optimizing blood hemoglobin levels, ensuring the
ability of the blood to clot is maintained and blood loss in patients undergoing surgery is kept to a minimum. The aims of this study
were: (1) to understand if managing anemia in patients (the first pillar of PBM) is cost-effective in patients undergoing hip and knee
surgery or cardiac surgery from the view of the Turkish Social Security Institution (SSI); and (2) to explore the potential savings to the
SSI if these PBM measures were used for patients undergoing hip and knee surgery or cardiac surgery. Models were used to assess the
number of complications (adverse events) avoided after surgery (hip and knee or cardiac) if patients were treated with PBM. Data from
a recent study was used to determine the chance of experiencing these complications, and the costs of treating the complications were
estimated by clinical experts and Turkish SSI guidelines. Together, these were used to determine the cost-savings that could be made if
PBM was used. This study found that using PBM was more cost-effective and linked to improved outcomes for patients compared
with not using PBM. The costs saved to the Turkish SSI were estimated to be up to 196,937,706 TRY (€12,841,697) for hip and knee
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surgery and 24,642,504 TRY (€1,606,861) for cardiac surgery. This study suggests that PBM could be a cost-effective and cost-saving
option for cardiac and non-cardiac surgery in Turkey.

Introduction
Patient blood management (PBM) is a patient-centered, evidence-based multidisciplinary approach that aims to optimize
hemoglobin concentration, maintain hemostasis and minimize blood loss in patients undergoing surgery.1–3 The available
evidence indicates that anemia, bleeding and exposure to allogeneic products are risk factors for perioperative morbidity
and mortality,4–11 which are associated with decreased quality of life and survival for patients. Moreover, these place an
economic burden on health-care systems through prolonged length of stay in hospital (LOS), increased risk of adverse
events and increased use of allogeneic blood products. There is growing research and evidence exploring the benefits and
economic value of a PBM program for major surgery. According to a recent meta-analysis,1 implementation of multi-
modal PBM measures resulted in an overall 39% decrease in transfusion rates. The highest reduction was observed in
orthopedic surgery (55%), followed by cardiac surgery (50%). There was also a decrease in LOS (0.45 days in orthopedic
surgery and 1.34 days in cardiac surgery), number of adverse events (20%) and mortality (11%). It is acknowledged that
three types of surgery – orthopedic (especially hip and knee arthroplasties), cardiac and colorectal – result in significant
perioperative bleeding. Kurian et al12 stated that hospitals with established PBM programs may have a 50–75% reduction
in blood use in patients undergoing orthopedic and cardiac surgery compared with those without PBM programs.

Since the endorsement of PBM by the World Health Assembly (WHA 63.12) in 2010,13 several PBM programs have
been introduced at both national and institutional levels, and an extensive body of literature has been developed regarding
their implementation and implications.2,14–16 The PBM approach is comprised of three pillars:1,17 (1) comprehensive
anemia management; (2) minimization of hospital-acquired anemia such as through unnecessary blood loss; and (3)
harnessing and optimizing the patient-specific physiological tolerance of anemia.

There are currently very few programs and institutions that implement all three pillars of the PBM approach;
a systematic review and meta-analysis identified just 17 studies that addressed all three PBM pillars.1 Other studies
have focused solely on the implementation of the first pillar in different health-care settings: Abdullah et al found that
implementing the first PBM pillar is a feasible and sensible first step in health-care settings in the Asia-Pacific region,4

while Drabinski et al reported on the epidemiological and economic benefits of implementing the first PBM pillar in the
German healthcare system18. The study we report here focuses on the first pillar of PBM and the potential impacts of its
implementation on the Turkish healthcare system.

PBM in Turkey
The Ministry of Health (MoH) is the agency responsible for blood and blood products in Turkey. The MoH embarked
on a project titled “Technical Assistance for Improving Blood Transfusion Management in Turkey” in March 2019 with
assistance from the European Union.19 The main goal of the project was defined as ‘establishing a strong PBM system
in Turkey with special reference to developing the required infrastructure for the system’. In 2021, the project was at
the stage of developing guidelines and documents for PBM and training health-care workers. In 2019, The Turkish
Society of Cardiovascular Surgery, Turkish Society of Cardiology and Society of Cardio-Vascular-Thoracic
Anaesthesia and Intensive Care published a consensus report on PBM in cardiac surgery.20 To date, these are the
only structured guidelines that focus on blood-conservation strategies with recommendations in line with global
guidelines and practice.

The most relevant and recent research related to the use of blood products in Turkey was undertaken by Ünal et al21.
The aims of the Turkish National Perioperative Transfusion Study (TULIP-TS) were: (1) to evaluate perioperative
practices in patients undergoing elective major surgery; (2) to estimate the incidence of and indications for perioperative
transfusion; and (3) to assess the impact of transfusion on patients’ outcomes. Preoperative anemia was identified in one-
third of patients, a similar rate to that seen in other studies.11,17 During the perioperative course, a quarter of the patients
received at least one unit of a blood component. The majority of transfusions were made in cardiovascular/thoracic
(45.9%) and orthopedic (14.6%) surgery (see Table S1 in the supplementary materials for more details).
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There are few published studies with results from institutional implementation of PBM in Turkey.22–25 Sert et al25

initiated a partial PBM program in a Turkish training and research hospital and compared outcomes of cardiac surgery in
patients receiving and those not receiving PBM. There was a significant decrease in the use of blood/blood products and
costs in those receiving PBM. After the PBM program was introduced, the cost of erythrocyte suspension per patient
decreased from 627 Turkish lira (TRY) to 140 TRY, while the cost of fresh frozen plasma per patient decreased from 184
TRY to 36 TRY. In another single-institution study,22–24 a structured blood conservation program based on training
surgeons in PBM was implemented in the cardiovascular surgery clinics of a training and research hospital. A substantial
reduction in the use of blood/blood products was observed between 2015 and 2017 (whole blood: 140 units in 2015 to 0
units in 2017; fresh frozen plasma: 1667 units in 2015 to 817 units in 2017, packed red blood cells: 2 units in 2015 to 0
units in 2017). The PBM program was extended to all surgical clinics and the hospital-wide blood/blood product usage
decreased by 3% in 2018.

This study is the first attempt to investigate the cost-effectiveness and potential budget impact of PBM in the Turkish
healthcare context. The aims of the study are: (1) to explore the cost-effectiveness of PBM in non-cardiac and cardiac
surgery; and (2) to explore the potential budget impact of implementing the first pillar of PBM in coronary artery bypass
grafting (CABG) and hip and knee arthroplasty from the Turkish Social Security Institution’s (SSI’s) perspective.

Materials and Methods
Cost-effectiveness and budget impact models were designed based on the risk of postoperative adverse events. Only the
first pillar of PBM, that is, diagnosing and treating anemia in patients before surgery, was included. The number and costs
of avoided adverse events by implementing the first pillar of the PBM approach were analyzed. Both the cost-
effectiveness and budget impact analyses were designed from the SSI’s perspective and all costs were calculated
based on the reimbursement prices of products and services.

Preoperative anemia treatment was made with intravenous (IV) ferric carboxymaltose (FCM) (two 500 mg per 10 mL
vials before surgery), as there is strong evidence that treatment with IV iron before surgery increases hemoglobin levels
and decreases a patient’s need for blood products.26–29

Cost-Effectiveness Analysis
A decision tree model with probabilities of adverse events was developed to assess the cost-effectiveness of PBM in non-
cardiac and cardiac surgery, with a simulated cohort of 10,000 patients in Turkey (Figure 1); the time horizon of the
model was a hospitalization period of up to 30 days for no specific year. TreeAge Pro (TreeAge Software, LLC,
Williamstown, MA, USA) was used to build and run the model. The endpoints of the study were postoperative adverse
events (sepsis with or without pneumonia, acute renal failure, acute myocardial infarction and acute stroke) avoided by
implementation of PBM. Data on endpoints were obtained from the results of the Kleinerüschkamp et al study,8 and
given as “incremental cost per avoided postoperative complication”. The probabilities of the postoperative adverse events
for both the PBM and control arms for non-cardiac and cardiac surgery are shown in Table 1.

The major cost parameters in the model were the cost of PBM and the cost of treating adverse events, based on
expert opinion using health-care resources for the treatment of these events. A healthcare resource utilization tool was
developed for each adverse event, to be filled in by experts. After identifying the type, duration and frequency of
resources used in the treatment of each adverse event, SSI guidelines and price tariffs were used to calculate the cost
to the SSI of treating these adverse events. Cost of treating MI, stroke and renal failure was calculated for three years
to reflect the long-term burden of these on the health-care system. A 3% discount rate was used. In the PBM arm,
only the cost of anemia management (tests for diagnosis and treatment with two vials of IV FCM) were included
(Table 2).

In the absence of a threshold for evaluating the results of a cost-effectiveness analysis, the World Health
Organization’s recommendation for willingness to pay (WTP) for developing countries, based on gross domestic product
(GDP) per capita, was used in the final analysis.30 The GDP per capita for Turkey was calculated as $8599 (US dollars,
equivalent to 70,000 TRY: 1$ = 8.14 TRY, Central Bank of Turkey, March 29, 2021) for 2020 by the Turkish Statistical
Institute.31
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Sensitivity Analysis
One-way sensitivity analyses were conducted in order to observe the response of the model’s results to uncertainties in
cost-effectiveness model parameters. The following analyses were conducted: (1) differing costs per patient of PBM
(range: 155.54–233.30 TRY for non-cardiac surgery and 206.06–309.08 TRY for cardiac surgery) and (2) number of
adverse events avoided (range: 1414–2122 for non-cardiac surgery and 995–1492 for cardiac surgery). For costs, the
sensitivity analysis model was run with 1000 iterations of 10 different PBM costs (TreeAge Pro). For adverse events
avoided, the impact of a 20% change in this rate was analyzed. The cost of PBM was considered the single most
important input that could have an impact on the model results. For this reason, the cost of PBM was changed within
a range of 20% to assess the sensitivity of the model’s results to the change in the most important input.

Budget Impact Analysis
The budget impact model was based on the costs of treating postoperative adverse events and the cost of receiving PBM.
Hip and knee arthroplasties and CABG were selected, as there is strong evidence that PBM has the highest impact on
patients undergoing these surgeries.1 The results for cardiac surgery from Kleinerüschkamp et al8 were used as a proxy to
estimate the budget impact of implementing PBM in CABG. Similarly, results for non-cardiac surgery were used as
a proxy for hip and knee arthroplasty. Budget impact analyses covered only hip and knee arthroplasties and CABG in

No PBM

Surgery

PBM

Adverse event

Sepsis with pneumonia

Sepsis without pneumonia

Acute renal failure

Acute myocardial infarction

Acute stroke

No adverse event

Adverse event

Sepsis with pneumonia

Sepsis without pneumonia

Acute renal failure

Acute myocardial infarction

Acute stroke

No adverse event

Figure 1 PBM cost-effectiveness decision tree model: general outlook.
Abbreviation: PBM, patient blood management.
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MoH hospitals; surgeries conducted in university and private hospitals were excluded. Potential cost savings in the
budget impact model were based only on the number and cost of avoided postoperative adverse events. Potential savings
from shortened LOS and reduced use of blood products were not included. Two clinical scenarios were modeled in the
budget impact analysis: scenario 1 assumed that all patients were treated for anemia; scenario 2 assumed that half of
patients identified had iron deficiency anemia (IDA), and only half of those would be treated for the condition.

Table 1 Postoperative Adverse Event Probabilities

Control Arm PBM Arm Total Avoided
Adverse Eventsa, n

n % Probability n % Probability

Non-cardiac surgery

Sepsis with pneumonia 1108 25.14 0.2514 156 3.54 0.0354 952

Sepsis without pneumonia 824 18.69 0.1869 416 9.44 0.0944 408

Acute renal failure 402 9.12 0.0912 198 4.49 0.0449 204

Acute MI 596 13.52 0.1352 450 10.21 0.1021 146

Acute stroke 158 3.58 0.0358 100 2.27 0.0227 58

Total adverse events 3088 1320 1768

Cardiac surgery

Sepsis with pneumonia 648 25.9 0.2590 265 10.59 0.1059 383

Sepsis without pneumonia 482 19.3 0.1926 197 7.87 0.0787 285

Acute renal failure 250 10.0 0.0999 94 3.76 0.0376 156

Acute MI 303 12.1 0.1211 7 0.28 0.0028 296

Acute stroke 190 7.6 0.0759 66 2.64 0.0264 124

Total adverse events 1873 629 1244

Note: Based on Kleinerüschkamp et al 2019.8 a Avoided adverse events with the implementation of PBM.
Abbreviations: MI, myocardial infarction; PBM, patient blood management.

Table 2 Treatment Costs of Adverse Events and
Cost of PBM (2021)

Cost (TRY)

Sepsis with pneumonia 12,007.47

Sepsis without pneumonia 10,354.90

Renal failure 266,453.92

MI 25,134.09

Acute stroke 56,652.03

PBM (orthopedic surgery)a 194.42

PBM (CABG)a 257.57

Note: aTreatment costs for orthopedic surgery and CABG differ
owing to different tests and patient ratios.
Abbreviations: CABG, coronary artery bypass grafting; MI, myo-
cardial infarction; PBM, patient blood management; TRY, Turkish lira.
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In 2017, there were 12,237 CABG surgeries and 77,780 hip and knee arthroplasties in MoH hospitals. These figures
do not cover operations in university and private hospitals. The MoH owned 60% of all hospital beds in 2017.28

According to the latest study by Ünal et al,21 33% of these would have preoperative anemia (4038 patients undergoing
CABG and 25,667 patients having hip and knee arthroplasty). For both categories of surgery, in the first scenario it was
assumed that all patients would receive 1000 mg of IV FCM (two vials), at a public price of 254.11 TRY per vial before
the operation. In the second scenario, based on the findings of Drabinski et al,18 it was assumed that 50% of the patients
with preoperative anemia would have IDA (2019 patients undergoing CABG and 12,834 patients having hip and knee
arthroplasty). It was further assumed, based on expert opinion, that 50% of patients with IDAwould receive 1000 mg of
IV FCM treatment (6417 patients having hip and knee arthroplasty and 1010 patients undergoing CABG). The number of
postoperative adverse events in each arm was calculated by applying the probabilities established in the Kleinerüschkamp
et al study.8

Results
Cost-Effectiveness Analysis
PBMwas found to dominate the control arm in both non-cardiac and cardiac surgery and provided better outcomes with lower
costs (Table 3). With the implementation of PBM, the incremental cost was –7504 TRY for non-cardiac surgery and –6102
TRY for cardiac surgery. As can be seen, the cost of implementing PBMwas lower than the cost of not implementing PBM. In
addition, PBM implementation versus control was associated with 1768 and 1244 avoided adverse events for non-cardiac and
cardiac surgery, respectively. Based on the 70,000 TRYWTP threshold, PBM was shown to be a highly cost-effective option
compared with control in Turkey. The probabilities of postoperative adverse events within total adverse events were 0.3088 for
the control arm and 0.132 for the PBM arm for non-cardiac surgery, and 0.1873 for the control arm and 0.0629 for the PBM
arm for cardiac surgery. As the probabilities reveal, PBM implementation was more effective than the control option in terms
of avoiding postoperative adverse events (Table 1).

Sensitivity Analysis
The cost-effectiveness one-way sensitivity analysis of costs of PBM and number of adverse events avoided found that the
PBM arm dominated the control arm in all iterations, indicating the robustness of the model. All results showed that
implementing the first pillar of PBM had a cost-saving impact on the SSI’s budget under all scenarios, through reduced
costs for PBM and avoided adverse events. The potential savings would be higher if the surgeries undertaken at
university and private hospitals were considered, and if other potential cost-saving items such as reduced LOS and
reduced use of blood products were included. Results of the sensitivity analysis are shown in Tables S2 and S3.

Table 3 Cost-Effectiveness Analysis Results

Cost
(TRY)

Incremental
Cost (TRY)

Avoided
Adverse
Eventsa, n

Incremental
Avoided
Adverse
Events, n

ICER

Non-cardiac
surgery

PBM 7786 –7504 1768 1768 PBM dominates

Control 15,290 0

Cardiac surgery PBM 3675 –6102 1244 1244 PBM dominates

Control 9777 0

Note: aAvoided adverse events with the implementation of PBM.
Abbreviations: ICER, incremental cost-effectiveness ratio; PBM, patient blood management; TRY, Turkish lira.
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Budget Impact Model
The overall cost savings related to avoided post-surgical adverse events following hip and knee arthroplasty in Turkey in
2017 were 196,937,705 TRY (€12,841,697) for scenario 1 and 49,234,426 TRY (€3,210,424) for scenario 2 (Table 4).
For CABG surgeries in Turkey during 2017, the overall cost savings related to avoided post-surgical adverse events were
24,642,504 TRY (€1,606,861) for scenario 1 and 6,153,207 TRY (€401,232) for scenario 2 (Table 5).

Discussion
The unnecessary use of blood products is known to be associated with a range of risk factors and burdens to individual
patients and to health-care systems as a whole. Apart from the direct cost of using these products, the negative outcomes
in terms of postoperative adverse events are widely acknowledged. Transmissible infectious diseases, transfusion
reactions and potential effects of immunomodulation are all known risk factors to patients, and allogeneic blood
transfusions have been linked with unfavorable outcomes including increased risk of mortality and various
morbidities.32–38 There is growing evidence in the literature that PBM is a cost-saving and cost-effective option in
enhancing the optimal use of blood products, for the benefit of both patients and health-care systems.15,29,39–42

Table 4 Budget Impact of PBM in Hip and Knee Arthroplasty in Turkey Based on Treatment of Post-Operative Adverse Events
(2017) – Scenarios 1 and 2

Adverse Events, n Cost of Treating Adverse Events (TRY) Difference (TRY)

Control PBM Control PBM

Scenario 1

Sepsis with pneumonia 2844 400 34,147,829 4,808,668 29,339,161

Sepsis without pneumonia 2115 1068 21,897,318 11,058,289 10,839,029

Acute renal failure 1032 508 274,974,403 135,415,751 139,558,652

Acute MI 1530 1155 38,448,521 29,029,929 9,418,592

Acute stroke 406 257 22,990,299 14,549,247 8,441,052

Total 7927 3388 392,458,369 194,861,884 197,596,485

Total cost of PBM 658,780

Total cost saving to the SSI (TRY) 196,937,705

Total cost saving to the SSI (€)a 12,841,697

Scenario 2

Sepsis with pneumonia 711 100 8,536,957 1,202,167 7,334,790

Sepsis without pneumonia 529 267 5,474,329 2,764,572 2,709,757

Acute renal failure 258 127 68,743,601 33,853,938 34,889,663

Acute MI 382 289 9,612,130 7,257,482 2,354,648

Acute stroke 101 64 5,747,575 3,637,312 2,110,263

Total 1982 847 98,114,592 48,715,471 49,399,121

Total cost of PBM 164,695

Total cost saving to the SSI (TRY) 49,234,426

Total cost saving to the SSI (€)a 3,210,424

Note: a1€ = 15.3358 TRY (https://www.xe.com/currencyconverter, February 14, 2022).
Abbreviations: MI, myocardial infarction; PBM, patient blood management; SSI, Turkish Social Security Institution; TRY, Turkish lira.
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This study is, to our knowledge, the first attempt to analyze the cost-effectiveness and cost-saving potential of PBM
with a simulated model in Turkey. Our study concluded that PBM was a cost-effective option and has cost-saving
potential in hip and knee arthroplasties and CABG in Turkey. This finding is in line with examples from other health-care
systems,15,43,44 and is similar to results reported in earlier literature; it concludes that implementing just the first pillar of
PBM can be a cost-effective option and may provide considerable cost-saving opportunities to the SSI. In the cost-
effectiveness analysis, the incremental cost per avoided postoperative adverse event was used as the decision criterion. In
both interventions, PBM dominated the control arm; in other words, more adverse events were avoided, and costs were
lower with PBM than without. Moreover, PBM was found to be a highly cost-effective intervention at the 70,000 TRY
WTP threshold. In addition, the findings were robust to scenario changes in the sensitivity analyses.

It should be noted here that our results cover only the avoided costs of treating postoperative adverse events resulting
from the implementation of the first pillar of PBM. Potential cost reductions due to reduced use of blood products and
decreased LOS are not included in the analysis. Available evidence indicates that these two outcomes of a PBM program are
very important contributors to cost savings.43 For instance, Kotze et al45 investigated the economic impact of PBM in 281

Table 5 Budget Impact of PBM in CABG Operations in Turkey Based on Treatment of Postoperative Adverse Events (2017) –
Scenarios 1 and 2

Adverse Events, n Cost of Treating Adverse Events (TRY) Difference (TRY)

Control PBM Control PBM

Scenario 1

Sepsis with pneumonia 262 107 3,142,348 1,284,939 1,857,409

Sepsis without pneumonia 195 80 2,015,173 823,772 1,191,401

Acute renal failure 101 38 26,904,818 10,111,422 16,793,396

Acute MI 122 3 3,075,873 70,864 3,005,009

Acute stroke 77 27 4,344,903 1,509,491 2,835,412

Total 756 254 39,483,115 13,800,488 25,682,626

Total cost of PBM 1,040,122

Total cost saving to the SSI (TRY) 24,642,504

Total cost saving to the SSI (€)a 1,606,861

Scenario 2

Sepsis with pneumonia 65 27 785,587 321,235 464,352

Sepsis without pneumonia 49 20 503,793 205,943 297,850

Acute renal failure 25 9 6,726,204 2,527,856 4,198,348

Acute MI 31 1 768,968 25,134 743,834

Acute stroke 19 7 1,086,226 377,373 708,853

Total 189 63 9,870,778 3,457,541 6,413,237

Total cost of PBM 260,030

Total cost saving to the SSI (TRY) 6,153,207

Total cost saving to the SSI (€)a 401,232

Note: a1€ = 15.3358 TRY (https://www.xe.com/currencyconverter, February 14, 2022).
Abbreviations: CABG, coronary artery bypass grafting; MI, myocardial infarction; PBM, patient blood management; SSI, Turkish Social Security Institution; TRY, Turkish lira.
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patients undergoing major orthopedic surgery and concluded that there were savings of €160,000, as the LOS was decreased
by 0.7 days and the readmission rate was decreased by 5%. Froessler et al46 estimated the economic consequences of
perioperative administration of FCM versus usual care in patients with IDA and concluded that FCM resulted in cost savings
to hospitals. According to their estimations, the average cost per case treated with FCM and usual care were €2461 and
€3246, respectively. The cost-effectiveness and budget impact of FCM has also been analyzed for the Italian healthcare
system,44 in which FCM was compared with placebo for the management of iron deficiency with chronic heart failure. FCM
was dominant over placebo with an annual cost saving of €20–97 million. In another study exploring the cost-effectiveness of
using FCM in optimizing preoperative hemoglobin in knee arthroplasty,47 the results supported FCM as a cost-effective
option. Mehra et al48 conducted a prospective interventional cohort study with 101,794 patients, in which there was a 27%
decrease in allogeneic blood transfusion after the implementation of a PBM program; this resulted in savings of direct
transfusion costs totaling more than $2,000,000 in 1 year. Meybohm et al17 performed a cost-benefit analysis to assess the
economic impact of a PBM program, based on the findings of Althoff et al1. The implementation of PBM measures in
235,779 surgical patients resulted in decreased red blood cell utilization and decreased LOS, with the mean cost of
transfusion per patient reduced from €68.62 to €32.41. Similarly, there was a decrease in LOS by 0.45 days, which resulted
in cost savings of €114.43. This evidence suggests that if there were enough data in Turkey about reduced use of blood
products and decreased LOS, then the cost-saving impact of the PBM program would be greater.

The budget/economic impact of PBM was assessed using two scenarios for categories of surgery. The first scenario
yielded 24,642,504 TRY (€1,606,861) and 196,37,705 TRY (€12,841,697) cost savings for CABG and hip and knee
arthroplasties, respectively, in Turkey. The second scenario yielded 6,153,207 TRY (€401,232) cost saving for CABG
and 49,234,426TRY (€3,210,424) cost saving for hip and knee arthroplasties. The hospital budget of the SSI for the
same year was 44,543,769,000 TRY.49 This indicates that the potential savings from scenario 1 for both hip and knee
arthroplasties and CABG comprised 0.5% of the SSI’s hospital budget in 2017; for scenario 2, the potential savings
comprised 0.12% of the budget.

There are some limitations to this study. First, the probabilities of postoperative adverse events were taken from the
meta-analysis results of the Kleinerüschkamp et al study.8 Therefore, there is a likelihood that any limitations of that
study will be carried over into this study as well. Second, the costs of treating adverse events were calculated based on
expert opinion on treatment resources. In the absence of cost data, this was considered the only way to estimate costs
from the SSI’s perspective; it should be noted that there are other published examples where cost of treatment was also
obtained from expert opinions.44 Finally, the budget impact analysis results covered only surgical procedures conducted
at MoH hospitals and excluded those carried out at university and private hospitals. This will certainly have led to
underestimation of cost savings associated with the implementation of PBM. The SSI reimburses cardiac and non-cardiac
surgeries included in this analysis by a fixed package price; this may have an impact on the total cost of these surgeries
and hence on the interpretation of the cost-effectiveness of PBM implementation.

Conclusion
In this cost-effectiveness and budget impact analysis modeling study, the implementation of PBM was associated with
a decreased rate of adverse events in both cardiac and non-cardiac surgical patients. PBM could be explored as a cost-
effective and cost-saving option in major surgeries in Turkey. The SSI can play a leading role by promoting, regulating
and implementing policy for the inclusion of PBM in hospital-based process improvement initiatives, with the goal of
improving patient safety and clinical outcomes through the use of PBM.
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