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A PATIENT-CENTERED MODEL OF TERRITORIAL TRANSFUSION MEDICINE: INTEGRATION ACROSS HEALTHCARE SETTINGS



Abstract
Background: In contemporary healthcare systems, the sustainability of complex care models increasingly depends on the transition toward decentralized delivery frameworks. Community-based transfusion services have emerged as a strategic approach to ensure continuity of care for frail and chronically ill patients. This study reports the experience of outpatient transfusion therapy in a large area of northeastern Italy over a five-year period (2020–2024).
Materials and Methods: Multiple operational settings were evaluated, including home transfusions, community hospitals, nursing homes, and outpatient clinics. Activity volumes recorded between 2020 and 2024 were analyzed. A comparative cost analysis was conducted between transfusions delivered in community settings and those performed in hospital settings (inpatient and day hospital), as well as cases requiring access to emergency departments.
Results: Red blood cell concentrates were the most frequently transfused blood component in the community setting. Over the study period, community-based transfusion activity increased from 11.1% to 12.9% of total transfusion procedures. The incidence of post-transfusion adverse events was slightly higher than that observed in the overall hospital population, with a greater proportion of transfusion-associated circulatory overload reactions. Cost analysis demonstrated superior cost-effectiveness of community-based transfusion therapy compared with hospital-based care across the evaluated settings.
Conclusions: Transfusion services delivered within hospices, nursing homes, and community care centers represent a key component of a resilient, patient-centered healthcare system. Integration between the community network and specialized hospital services ensures the maintenance of hospital-level safety standards in decentralized settings. Consolidation of this model is essential to safeguard the right to health and the dignity of care, positioning transfusion medicine as a flexible and effective proximity-based service.
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Background
Red blood cell (RBC) transfusion in the outpatient setting is typically administered to preserve organ function and quality of life in hemodynamically stable patients with chronic disease and symptomatic anemia [1]. However, most of the literature on RBC transfusion focuses on transfusion triggers, safety, and survival outcomes in hospitalized patients with acute anemia [2,3]. Current Italian national guidelines, consistent with international recommendations, advocate a restrictive transfusion strategy in anemic inpatients, generally recommending transfusion at hemoglobin levels of 7–7.5 g/dL [4–7]. Furthermore, in line with restrictive blood management policies, the administration of a single  RBC unit (“single-unit policy”) is typically recommended patients without acute hemorrhage [5].
The evidence supporting these recommendations is largely derived from hospital-based settings. In contrast, limited data are available to guide transfusion practices in outpatients. In ambulatory care,  RBC transfusions are frequently administered with the aim of improving patients’ functional status. Survey data suggest that functional status represents the second most common indication for transfusion after hemoglobin concentration [8]. Moreover, published data on  RBC transfusion in the outpatient setting primarily concern selected patient populations, such as individuals with chronic kidney disease, myelodysplastic syndromes, or hemoglobinopathies, while evidence regarding transfusion therapy in other chronic conditions remains scarce [9–11].
The organization of an out-of-hospital transfusion service presents several critical challenges, including verification of the appropriateness of indications, maintenance of proper blood component transport conditions, adequate patient monitoring during transfusion, and timely recognition and management of adverse reactions [12,13]. Nevertheless, growing interest in community-based transfusion therapy has recently emerged in Italy, including in extra-hospital and pre-hospital emergency settings [14].
Within contemporary healthcare systems, sustainability increasingly depends on the transition toward decentralized models of care. Community-based transfusion services have therefore become strategically important to ensure continuity of care for frail and chronically ill patients. In this context, the present study examines the clinical and organizational role of transfusion support within intermediate care facilities—such as hospices, nursing homes for non-sufficient elderly, and long-term care centers—in the District of Venice (Northeastern Italy).
Furthermore, economic evaluations reported in the literature suggest that extra-hospital transfusion therapy may reduce overall pathway management costs without compromising efficacy or safety [15,16].
The aim of this study was to report the experience of outpatient transfusion therapy in a large area of Northeastern Italy over the five-year period 2020–2024. The outcomes assessed were: (i) activity performance, including analysis across different sub-settings; (ii) safety, evaluated through systematic monitoring of adverse events; and (iii) efficiency, based on a cost analysis comparing transfusion therapy delivered in hospital settings (inpatient and day hospital), emergency departments, and outpatient facilities.

Materials and Methods
Study Design: This was a single-center retrospective study analyzing community-based transfusion activity performed over a 60-month period, from January 2020 to December 2024, in the Prefecture of Venice (Northeastern Italy).
Study Setting: The Department of Transfusion Medicine of Venice (DIMT) is responsible for the collection, processing, storage, and distribution of blood components across the entire Prefecture of Venice, which covers approximately 2,500 km² and serves a population of about 1 million inhabitants. Within the Prefecture, two Local Health Authorities operate: ULSS 3 Serenissima and ULSS 4 Veneto Orientale, each with its own Transfusion Medicine Unit, both coordinated under the DIMT. The hospital network consists of one tertiary-care metropolitan hub hospital, seven public acute-care hospitals, and three accredited private hospitals functioning as spokes. In addition, the area includes several intermediate care facilities: four community hospitals, thirteen residential facilities for non-self-sufficient elderly individuals, integrated home care services, and three protected outpatient clinics. Furthermore, four outpatient transfusion clinics are directly managed by the DIMT. For the purposes of this study, five sub-settings of outpatient transfusion therapy were identified: 1) Home transfusion therapy, 2) Transfusions performed in outpatient clinics directly managed by the DIMT, 3) Transfusions performed in outpatient clinics managed by intermediate care facilities, 4) Transfusions performed in nursing homes for non-self-sufficient elderly patients, 5) Transfusions performed in community hospitals
Blood Component Production: From a standard whole blood donation (450 mL), the following components were prepared:
· One buffy-coat–depleted, leukocyte-reduced packed red blood cell (RBC) unit in additive solution, with a minimum hemoglobin content of 40 g and a hematocrit between 65% and 75%;
· One unit of recovered plasma;
· One Buffy-coats.
For the preparation of one leukocyte-depleted platelet concentrate (PC) suspended in additive solution, five buffy coats were pooled using a fully automated system. Each platelet concentrate contained ≥2.5 × 10¹¹ platelets and <1 × 10⁶ residual leukocytes.
Only apheresis-derived fresh frozen plasma (FFP; approximately 700 mL per unit) was used for clinical purposes [17,18].
In Italy, blood components are subject to nationally regulated pricing. The official reimbursement rates are €188.50 for RBC units, €207.00 for platelet concentrates, and €141.17 for FFP [19].
Cost Analysis: Activity volume data were extracted anonymously from the DIMT information system for statistical analysis. The reimbursement rates applied for blood component valuation were those established in the State–Regions Agreement of June 17, 2021 [19]. Production costs of blood components were calculated using an Activity-Based Costing (ABC) methodology specifically adapted to the Transfusion Medicine setting [20,21].
Data regarding general healthcare costs associated with ordinary hospitalization (OH), day hospital (DH), and short-stay observation (OBI) were provided by the Management Control Department of the Local Health Authority.
Hemovigilance: Adverse transfusion reactions were retrieved from the national hemovigilance reporting system (SISTRA) [22].
Ethics: All blood donors provided written informed consent at each donation, including authorization for data processing. Written informed consent for transfusion was obtained from all patients. Given the retrospective design and the use of anonymized administrative and clinical data, formal approval by the Ethics Committee of the Prefecture of Venice was not required, in accordance with national regulations.
Statistical Analysis: Data distribution was assessed using the D’Agostino–Pearson test. As normality was rejected, a non-parametric statistical approach was adopted. Statistical analysis was performed using MedCalc Software version 11.1.0 (MedCalc Software Ltd, Ostend, Belgium). Categorical variables are reported as absolute numbers and percentages, while continuous variables are presented as median (MED) and interquartile range (IQR). Comparisons between groups were performed using the Kruskal–Wallis test. A two-sided p-value < 0.05 was considered statistically significant.
Results
Activity Analysis: Between 2020 and 2024, a median (MED) of 37,553 (IQR = 1,112) RBC units, 4,521 (IQR = 201) platelet concentrates (PC), and 746 (IQR = 223) units of fresh frozen plasma (FFP) were transfused annually in the Prefecture of Venice. These data are summarized in Table I. During the same period, in the community setting, a median of 2,335 (IQR = 221) RBC units, 171 (IQR = 27) platelet concentrates, and 6 (IQR = 4) FFP units were transfused annually. Data regarding RBC transfusions in the outpatient setting are shown in Figure 1a. The absolute number of RBC units transfused in the outpatient setting increased from 2,930 in 2020 to 3,763 in 2024, corresponding to a 22% increase. Furthermore, the proportion of total RBC units delivered in the community setting rose from 11.1% in 2020 to 12.9% in 2024 (Figure 1b).
Cost Analysis:  The specific production costs calculated by the DIMT were €175 per RBC unit, €179 per platelet concentrate, and €134 per FFP unit. Pre-transfusion laboratory testing cost €35 per unit. Standard institutional costs were as follows: Ordinary hospitalization (OH): €869 per day, Day hospital (DH): €435 per day, Emergency department access: €208 per visit, Outpatient clinic access: €107 per visit.
The overall estimated cost of a single transfusion episode was: Ordinary hospitalization setting: €1,079 for one RBC unit, €1,083 for one platelet concentrate, €1,038 for one FFP unit.  Day hospital setting: €645 for one RBC unit, €649 for one platelet concentrate, €604 for one FFP unit. Emergency department setting: €418 for one RBC unit, €422 for one platelet concentrate, €377 for one FFP unit. Outpatient clinic setting: €317 for one RBC unit, €321 for one platelet concentrate, €276 for one FFP unit. These results are illustrated in Figure 2.
Hemovigilance: Over the five-year study period, a total of 17,340 blood component units were transfused in the outpatient setting: 16,382 RBC units, 927 platelet concentrates, and 31 FFP units. Fourteen post-transfusion adverse reactions were reported, corresponding to an incidence of 81 events per 100,000 units transfused. The reported reactions included: 5 cases of transfusion-associated circulatory overload (TACO),  4 allergic reactions, 3 febrile non-hemolytic transfusion reactions, 2 reactions not otherwise specified due to incomplete clinical documentation.

Discussion
Organization: All community-based transfusion activities are technically and operationally coordinated by the DIMT. Comprehensive standard operating procedures covering the entire transfusion pathway have been developed and shared across all participating facilities. These procedures address: clinical indications for transfusion; informed consent; patient identification; blood component request and sampling for pre-transfusion testing; transport and traceability of blood components; documentation of clinical parameters; completion of pre-transfusion checklists; transfusion procedures; patient monitoring; communication of laboratory results; and the detection, management, and reporting of adverse events [22,23].
Particular emphasis has been placed on staff training. Each facility received structured on-site training in transfusion practices, and a distance-learning course covering the transfusion process was developed and made available to all healthcare professionals involved [24,25]. In addition, each facility undergoes an annual audit. During these inspections, annual activity volumes and any deviations from established procedures are reviewed. These visits also provide an opportunity to identify critical issues and assess the need for additional training in transfusion medicine [24,25].
Overall Transfusion Activity: Total RBC transfusions across the Prefecture showed a slight decrease over the study period, from 38,057 units in 2020 to 36,846 units in 2024 (−1,211 units; −3.2%). This reduction may reflect improvements in transfusion appropriateness and adherence to restrictive transfusion strategies. In contrast, transfusion activity in community settings demonstrated consistent growth. The total number of transfusions delivered in outpatient settings increased from 4,222 in 2020 to 4,789 in 2024 (+507 units; +12%). The proportion of RBC units transfused in community settings rose steadily from 11.09% in 2020 to 13.00% in 2024, indicating a progressive shift toward decentralized care.
Trends by Care Setting: Outpatient clinics and transfusion medicine clinics accounted for the majority of community transfusions and showed a steady upward trend. Outpatient clinics increased from 958 units in 2020 to 1,320 in 2024. Transfusion medicine clinics remained the largest single category, reaching 2,581 units in 2024. Community hospitals exhibited a marked increase between 2020 (143 units) and 2022 (257 units), followed by relative stabilization and a further rise in 2024 (327 units). Home transfusion activity fluctuated, peaking in 2022 (267 units), decreasing in 2023, and partially recovering in 2024 (230 units). Residential facilities for elderly patients experienced the most pronounced initial decline, from 482 units in 2020 to 242 in 2023, with partial recovery in 2024 (331 units). This early reduction likely reflects the impact of the COVID-19 pandemic, during which non-urgent transfusions in internal medicine and geriatric settings were frequently postponed.
Economic Considerations: The analysis demonstrated that nationally regulated reimbursement tariffs adequately cover the specific production costs of blood components incurred by the DIMT. These findings are consistent with previous reports from Italy and other healthcare systems, including Australia and the United States [26,27]. However, production costs represent only a portion of the total expenditure associated with transfusion therapy. Additional costs include pre-transfusion laboratory testing, consumables for infusion, healthcare personnel time, and facility occupancy. Moreover, indirect social costs, such as patient and caregiver travel, must also be considered. Shander and colleagues proposed that the total hospital cost of transfusion may be estimated by multiplying the blood component production cost by a factor ranging from 3.2 to 4.8 [28–30]. In our study, the total, from production to transfusion cost ratio for transfusions performed during ordinary hospitalization ranged between 5 and 6, slightly exceeding previously reported estimates. In contrast, this ratio was substantially lower in alternative settings: between 3.1 and 3.6 in day hospitals, 1.9 and 2.2 in emergency departments, and 1.5 and 1.6 in outpatient community settings. The total cost of transfusing one RBC unit in a hospitalized adult patient in our analysis was €1,079, which is consistent with estimates reported by Abraham and Sun, who described costs ranging from $840 to $1,300 for hospitalized adult patients [31,32]. Overall, these findings highlight the marked economic advantage of community-based transfusion therapy, particularly when organizational safety standards equivalent to hospital settings can be maintained.
Hemovigilance: In Italy, the national average rate of reported post-transfusion adverse reactions in 2023 was 66 per 100,000 units transfused [33]. In the community setting analyzed in this study, the observed rate was 81 per 100,000 units transfused, a statistically significant difference (p < 0.05). Notably, 36% of reported reactions were classified as transfusion-associated circulatory overload (TACO), a proportion substantially higher than that reported nationally in Italy (4.3%) [33] and in the United Kingdom (4.7%) [34]. This finding likely reflects the intrinsic frailty and comorbidity burden of patients receiving transfusions in community and long-term care settings. On the one hand, these data underscore the vulnerability of the outpatient population; on the other hand, they reinforce the importance of individualized risk–benefit assessment prior to transfusion, particularly in elderly and chronically ill patients. Careful patient selection, strict adherence to restrictive transfusion thresholds, and close monitoring remain essential to ensure safety in decentralized models of care.

Conclusions
Transfusion support delivered in extra-hospital facilities should not be regarded merely as a logistical alternative, but as an integral component of the Essential Levels of Care (LEA) within a modern healthcare system. The structured integration between the Local Health Authority network and accredited facilities enables the management of clinically complex patients in non-hospital settings while maintaining high standards of safety and quality. This organizational model effectively responds to the demographic challenges posed by an aging population, increasingly characterized by multimorbidity and the need for specialized surgical and orthopedic interventions followed by prolonged recovery pathways. In this context, transfusion activity within hospices, nursing homes, community hospitals, and outpatient clinics represents a key pillar of a resilient and patient-centered healthcare system. The experience described demonstrates that hospital-level safety standards can be preserved in decentralized settings through robust governance, standardized procedures, and continuous training. Consolidation and further development of this model are therefore essential to ensure equitable access to care, safeguard patient dignity, and promote transfusion medicine as a flexible, efficient, and proximity-based service.
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Table I: Department of Transfusion Medicine of the Prefecture of Venice, Emocomponents Units transfused, years 2020-2024.

	
	RBC
	PC
	FFP

	2020
	38.080
	4439
	989

	2021
	39.086
	4264
	971

	2022
	37.003
	4608
	689

	2023
	36.711
	4491
	553

	2024
	36.875
	4803
	526



RBC = Packed Red Blood Cells, PC = Platelets Concentrate, FFP = Fresh Frozen Plasma


Table II: Cost analysis 
	
	 RBC
	PC
	FFP

	Cost for shipped unit

	Production
	175
	179
	134

	Cross Match
	35
	35
	35

	Total 
	210
	214
	169

	One day in OH

	Cost 
	869
	869
	869

	Total
	1079
	1083
	1038

	Ratio
	5.1
	5.1
	6.1

	One day in DH

	Cost 
	435
	435
	435

	Total
	645
	649
	604

	Ratio
	3.1
	3.0
	3.6

	One access in ER

	Cost 
	208
	208
	208

	Total
	418
	422
	377

	Ratio
	1.9
	2.0
	2.2

	One access in OC

	Cost 
	107
	107
	107

	Total
	317
	321
	276

	Ratio
	1.5
	1.5
	1.6




RBC = Packed Red Blood Cells, PC = Platelets Concentrate, FFP = Fresh Frozen Plasma. OH = one day in Ordinary Hospital, DH = one day in Day Hospital,  ER one access in Emergency Rooms, OC = one access in an Outpatients Clinics. Costs were reported in Euros










Figure 1: Packed red blood cells ( RBC) unit tranfused in the territorial setting (years 2020-2024)
	Figure 1a: Absolute number of transfused  RBC in the territorial setting

	



	Figure 1b: Percentage of RBC transfused in territorial setting versus total number of transfused  RBC

	





Figure 1a shows the number of RBC units transfused in the five years from 2020 to 2024 in different territorial settings: home transfusions, transfusions carried out in community hospitals, in service centers for non-self-sufficient elderly people, in outpatient clinics managed directly by transfusion medicine, in protected outpatient clinics. Figure 1b shows the percentage of RBC units transfused in the community setting compared to the total number of RBC units transfused in the DIMT. In this case, the five-year period from 2020 to 2024 was taken into consideration too.

Figure 2: Comparison of total cost for a transfusion episode for  RBC, CP and FFP in Hospital, Day Hospital, Emergency Rooms and Outpatients Clinics.



Figure 2 reports the cost data relating to the transfusion of a unit in the different settings considered.
 RBC = Packed Red Blood Cells, PC = Platelets Concentrate, FFP = Fresh Frozen Plasma.
OH = costs related to transfusions performed during an ordinary hospital admission; DH = costs related to transfusions performed during an inpatient day hospital admission; ER = costs related to transfusions performed during an emergency room admission; costs related to transfusions performed during an outpatient clinic admission.
Costs are expressed in euros.
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