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Background: The demand and consumption of immunoglobulins (IgGs) are growing, and there are many difficulties in obtaining supplies. The aim of the study was to analyze the evolution of IgG consumption and cost over a decade, describe the measures implemented for clinical management in the context of regional public health system, and evaluate the initial impact of these measures.

Methods: We performed a retrospective longitudinal study including patients of all public health systems in Catalonia. First, we analyzed data on consumption and cost of IgGs during a period between 1 January, 2010 and 31 December 2021. Second, we analyzed the impact of a set of regional measures in terms of annual consumption and cost of IgGs. Regional measures were based on rational evidence-based measures and computer registries. We compared the data of year before applying intervention measures (1 January and 31 December 2020) with data of year after applying clinical management interventions (1 January and 31 December 2021). In addition, detailed information on clinical indications of IgG use between 1 January and 31 December 2021 was collected.

Results: Overall, in terms of population, the consumption of IgGs (g/1,000 inhabitants) increased from 40.4 in 2010 to 94.6 in 2021. The mean cost per patient increased from €10,930 in 2010 to €15,595 in 2021. After implementing the measures, the mean annual estimated consumption per patient in 2021 was statistically lower than the mean annual estimated consumption per patient in 2020 (mean difference −47 g, 95% CI −62.28 g, −31.72 g, p = 0.03). The mean annual estimated cost per patient in 2021 was also lower than the mean annual estimated cost per patient in 2020 (the mean difference was –€1,492, 95% CI –€2,132.12, –€851.88; p = 0.027). In 2021, according to evidence-based classification, 75.66% treatments were prescribed for a demonstrated therapeutic evidence-based indication, 12.17% for a developed therapeutic evidence-based indication, 4.66% for non-evidence-based therapeutic role indication, and 8.1% could not be classified because of lack of information.

Conclusion: The annual consumption and cost of IgGs have grown steadily over the last decade in our regional public health system. After implementing a set of regional measures, the annual consumption of IgGs per patient and annual cost per patient decreased. However, the decrease has occurred in the context of the coronavirus disease 2019 (COVID-19) pandemic, which may have influenced their clinical use. Managing the use of IgGs through a rational plan with strategies including evidence-based and data collection may be useful in a shortage situation with growing demand. Registries play a key role in collection of systematic data to analyze, synthesize, and obtain valuable information for decision support. The action developed needs close monitoring in order to verify its effectiveness.
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INTRODUCTION

Cell blood components and plasma-derived medicinal products (PDMPs) are complex biologic therapies with multiple uses in immumodulation and replacement treatments of constitutional or acquired diseases of hemostasis (1–3). Some of these conditions are chronic, severe, or rare diseases, but PDMPs are also used in emerging medical situations and in medical management of acute conditions. Plasma allows obtaining a dozen of protein products such as albumin, polyvalent immunoglobulins (IgGs), coagulation factors, anti-proteases, and biologic adhesives (4). The plasma used for manufacturing medicinal products is recovered whole blood donated for transfusion purposes or collected by apheresis from donors in a proportions that varies depending on region and country (5).

Plasma for fractionation is considered a strategic resource, and plasma-derived medicines are considered essential medicines by the World Health Organization (WHO). The WHO has announced the implementation of a blood supply system founded on voluntary non-remunerated blood donation (VNRBD) and the establishment of not-for-profit blood establishments with the aim of achieving self-sufficiency in blood supply (6, 7). Furthermore, European union (EU) policies are driven by principles of voluntary unpaid donation of blood and blood components (8), although some countries have begun to compensate donors directly or indirectly (9).

The need for IgGs is currently the most important driver of the plasma fractionation industry. IgGs are required for the chronic treatment of patients with primary and secondary immunodeficiencies (PIDs and SIDs). In particular, SIDs create a growing demand, especially those derived from cancer chemotherapy and stem cell transplantation. They are also used as an immunomodulatory therapy for several disorders such as immune thrombocytopenia (ITP), Kawasaki disease, Guillain-Barré syndrome, chronic inflammatory demyelinating polyneuropathy (CIDP), and multifocal motor neuropathy, together with a large number of widely accepted off-label uses and other indications under investigation (10). Previous studies carried out in our local environment showed that intravenous IgGs were prescribed for a significant number of non-authorized and non-accepted indications with a notable cost, as well as important variability in intravenous IG (IVIG) prescriptions between hospitals (11). As the number of both label and off-label indications increases, and because most of these therapeutic uses are chronic in nature, the global demand for immunoglobulins is growing by about 6 to 8% per year (12).

In the last years, intermittent shortages due to limited supply of plasma to IgG producers are increasingly frequent. The stress in availability has translated into what has been described as “the product follows the price”, that is, difficulties in access to supplies in countries with lower acquisition prices (13). This is the case in Spain, where the reimbursement price for IgGs is among the lowest in terms of European prices (7). The COVID-19 pandemic has lowered surgical activity and donation, disrupting supply, and has increased product demand for investigational therapies for COVID-19, leading to further stress on the system (14).

Strategies to guarantee access to treatment with IgGs include long-term measures to achieve self-sufficiency of countries, increased donation of plasma, and improved manufacturing. On the other hand, the evidence of the efficacy and safety of IgGs is available only for a number of indications, with doubtful uses reported to represent up to 40% of total; thus, rational and balanced use of the available product is also required. If ever shortages lead to stock breakage, handling may require coordination and redistribution of the available product, avoiding stockpiling and prioritization to ensure that the available product covers patients who are at serious risk, avoiding use in weak off-label indications (10).

In Catalonia, the processing of plasma obtained from VNRBD in hospitals and blood donor campaigns is performed by a private vendor, and the resulting domestic immunoglobulin product is centrally managed by a public healthcare center (BST) owned by the Catalan Health Service. This organization has commissioned the integral management of these products, including a model for commercialization to hospitals at a fixed rate. According with interim data in 2021 BST offered up 30.7% of the Catalan immunoglobulin consumption, fixing as a self-sufficiency CHS rate.

In Catalonia, the Catalan Healthcare System (CHS) is integrated in a single network for public use of all healthcare resources with a variety of providers and management formulas. In 2000, the comprehensive health system for public use in Catalonia (SISCAT) was created, involving all different healthcare networks into a single public system. Some of the entities in the system are owned by the Department of Health or Catalan Health Services (CatSalut), public companies (public law entities subject to the private legal system and commercial companies), consortia, and foundations. SISCAT is currently composed of hospitals, primary care centers, social and health inpatient centers, in-patient mental health centers, basic and advanced life support ambulances (SVB and SVA), and the medical emergency systems such as non-urgent medical transport ambulances (rehabilitation, dialysis, etc.).

In June 2019, the CHS received several inputs on concerns from several hospitals regarding growing difficulties in obtaining immunoglobulin supplies. Posteriorly, Spanish Medicines shortage registry published firsts reports about punctual availability problems for non-specific IgGs medicines (15).

There are reported previous experiences of IgGs shortage in other countries, but health policy-makers did not respond to the shortage in a timely and effective manner. Those experiences indicated that shortages in IVIG would benefit from more immediate and coordinated efforts to make the distribution of IgGs in a just manner, and to identify and remedy the sources of IgG supply problems (16). However, no experiences have been reported on measures implemented to manage these situations of IgG supply problems from public health systems and the impact of these measures.

The aim of the study was to analyze the evolution of IgG consumption and cost over a decade, describe the contingency measures planned and implemented for clinical management in the context of public health system in Catalonia (CHS), and evaluate the initial impact of these measures.



MATERIALS AND METHODS

A retrospective longitudinal study including all patients of SISCAT was carried out. First, we analyzed data on consumption and cost of IgGs during a period between January 1, 2010 and December 31, 2021. Second, we analyzed the impact of the implementation of interventional measures in terms of annual consumption, doses, and cost of IgGs. We described and compared the data of the year before applying intervention measures (1 January and 31 December 2020) with data of the year after applying clinical management interventions (1 January and 31 December 2021). In addition, detailed information on clinic indications of IgGs use between 1 January and 31 December 2021 was collected.

Annual information about the following variables were recorded: number of patients, estimated annual consumption of IgGs (g), cost of IgGs (€), and type of IgGs classified as domestic IgG obtained from Catalan (VNRBD) and imported IgG obtained from remunerated blood donors (RBDs). This information was obtained from billing registry.

Since 2012, Catalonia has been implementing a dedicated registry, the Registry of Treatments and Patients (RPT), that includes detailed information on indications and use of hospital drugs for outpatient use, data on pragmatic assessments on effectiveness and safety are also collected for drugs that have been evaluated in the Catalan Pharmaco-Therapeutic Harmonization Program (17, 18). The registry is available for SISCAT hospitals, so all eligible drugs used in the public system and reimbursed by the Catalan Health Service must be registered for invoicing. Data can be cross-referenced to administrative databases, such as the Central Insurance Registry (RCA) and registries of billing, in order to extract aggregated reports on patient characteristics and economical costs for management purposes (19). As in 2019, the RPT was a suitable tool to collect both quantitative and qualitative detailed information on clinical use, and recorded information on IgG use in the registry was agreed upon by all hospital centers prescribing these products. Variables were chosen by consensus with hospital representatives and included therapeutic indication, administration route, dates of start and end of treatment, patient's weight, expected length of treatment and monthly dose (g/Kg), and required follow-up. Since August 2020, ongoing data collection and its inclusion in the RPT has been mandatory because of its link with invoicing of the product by the CHS.

A closed list of thirty-nine predetermined therapeutic indications was populated in the registry to cover most frequent uses (Supplementary Material). A free-text field was also enabled to register other different indications. Therapeutic indications were grouped with a dimension table according to different perspectives, such as overall therapeutic objective (replacement therapy in PID, replacement therapy in SID, immunomodulation, and solid organ or hematological transplantation) and established clinical adequacy according to evidence.

Periodic descriptive analysis, reporting of data, and methodology to do an assessment of clinical adequacy were agreed upon by consensus. For that purpose, three documents were taken into account that recommended or not the use of IgGs according to their degree of evidence and established clinical criteria for use (20–22). The clinical adequacy categorization method assigned the same evidence-category if three documents were consistent, and the lowest category if those were inconsistent.

Therapeutic indications were classified into five clinical use categories as follows:

• Demonstrated therapeutic role (category A): for this clinical indication, IgG use has reasonable-quality evidence support;

• Developed therapeutic role (category B): IgGs use is supported in selected patients with specific conditions, although the quality of evidence is variable;

• Exceptional therapeutic role (category C): only exceptionally would require IgG therapy, either because there are alternative therapies or because the evidence of benefit does not justify use in most cases;

• Non-evidenced therapeutic role (category D): there is evidence of no benefit, insufficient evidence of benefit, or some evidence of benefit but preferred alternative therapies are available;

• Non-classifiable: the category is used when information about a clinical indication narrowed down by a clinician was insufficient to be classified.

Besides all these, CatSalut distributed information to different SISCAT hospitals on the use of IgGs together with various recommendations for use in order to prioritize and optimize ongoing treatments.

1) Optimal clinical management was recommended in order to concentrate the use of IgGs as much as possible on treatments with a higher degree of evidence, reconsidering the suitability of treatments with a low level of evidence. In addition, careful review of the use of IgGs in indications with a lower degree of evidence by analyzing the availability of other therapeutic alternatives in each of the indications is advised.

2) Lists of patients with low-evidence indications of IgGs have been distributed to hospitals in order to facilitate case review and encourage prioritized use, adjusting to the current product availability

3) Reassessment of diagnoses every 2-5 years. Diagnostic confirmation and periodic reassessment of the treatment requirement is advised in immunodeficiencies of adults without a molecular diagnosis confirming IgG deficiency.

4) Adjustment of dosage by ideal weight in patients with indications of immunomodulation. In patients with a BMI> 30, the dosage may be reviewed to the adjusted ideal weight (40% by weight). In the dosage range adjusted for the doses of the presentations, in pediatric patients it may be adjusted upward, and in adult patients, it may be adjusted downward (23, 24).

5) Individual evaluation of the interchangeability of presentations. Although this particular strategy cannot be applied systematically because of risks of associated adverse reactions, this option could be considered in the event of a supply failure (25, 26). It should be noted that there are patients who do not tolerate certain IgG brands, and those who tolerate must be maintained.

6) Dose reduction and temporary treatment discontinuation in immunomodulatory indications when patients are in remission (10, 25, 27). This strategy has also been described as a feasible option for common variable immunodeficiency but is controversial without unanimous agreement (28).

7) Available treatment alternative to IgG use is another available option (27). A document is being developed on potential therapeutic alternatives to IgGs in therapeutic indications where they are available and with solid evidence.

Since July 2021, the allocation of the proportion of the lots has been agreed to be based on the amount of use of IgGs for indications categorized as A and B. Likewise, criteria of minimum and territorial distribution is taken into account to ensure covering the needs of smaller centers and/or with special needs. A reserved amount is also allocated for emergencies. All territorial and emergency issues were overseen by the working group and agreed upon by consensus with hospital healthcare providers.

To know the existing stock, trends, and IgG requirements in SISCAT hospitals, a stock registry, initially used to manage supplies during the COVID-19 pandemic was, re-profiled. In June 2021, the registry became an IgG registry to inform weekly about available units. This information permits the establishment of categories to estimate the availability of IgGs by center, medicine, or administration route.

All these measures were discussed by dedicated committees involving hospital representatives (physicians, pharmacists, and managers) and members of the Catalan Health Service, and the need to closely monitor the use and availability of IgGs was agreed upon. A working plan was designed with the following actions: (1) collect systematic data about IgGs treatments in outpatients, further analyse it, and elaborate periodic reports; (2) set up a working group responsible of design select adequacy, utilization indicators and evidence-based measures for rational use and determine when each measure should be implemented, (3) disseminate data from periodic reports and main measure to involved centers aiming to enhance clinical revision, access priority, establish interchangeable and alternatives strategy and measure impact in consumption, and (4) coordinate and improve equitable access to the limited IgGs.

Information was presented to stakeholders with the aim of raising awareness, and data were disseminated at pharmacy services of SISCAT hospitals with the aim of supporting clinical review cases of treatments with categories C and D and of patients with dosages above product information recommendations.

A statistical analysis for categorical and continuous variables was conducted using frequencies, means, confidence intervals of 95% (95% CI), or standard deviations (SDs). Statistical mean differences were evaluated by Student t-test. A two-tailed significance was set at level.05. The statistical analysis was performed using SPSS 26 (IBM Corp. Armonk, NY, United States).



RESULTS

The main steps taken involving RPT, IgG availability, management measures, and trough time are summarized in Figure 1.
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FIGURE 1. Main steps taken with patients and treatments registry, immunoglobulin (IgG) availability and IgG management measures taken trough time.


Between 2010 and 2021, 5.94 million grams of non-specific IgGs were used for 6,925 patients at a cost of €232,835,146 and an average cost per patient in studied period of €33,391 (Figure 2).
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FIGURE 2. Evolution of IgG consumption between 2010 and 2021. Source, Billing registry;Domestic IgG, immunoglobulins obtained from Catalan voluntary non-remunerated blood donor (VNRBD); Imported IgG, immunoglobulins obtained from remunerated blood donors (RBDs).


In terms of population, the use in grams of IgGs for every 1,000 inhabitants has increased from 40.4 in 2010 to 94.6 in 2021, with an average annual increase of 7.3% (Supplementary Material).

The number of patients has grown annually from 1,151 in 2010 to 1,940 in 2021, with an annual average of 4,5%. The cost per patient-year was the most variable indicator, ranging from −3.29 to 7.4%. In the last 4 years, the increase has been positive and has grown by 6.24% on average (Figure 2).

A total of 1,956 outpatients have been registered with immunoglobulin therapy in year 2021. Mean age (SD) of the patients was 53.35 (22.1) years, and 1,007 (51.5%) were women with variability in age and sex distribution by therapeutic indications. According to the therapeutic objective of the treatment, replacement therapy in PID represented 620 (31.7%) treatments, replacement therapy in SID 299 (15.29%) treatments; and immunomodulation 392 (20.04%) treatments including multifocal motor neuropathy (MMN), CIDP, ITP, and Guillain-Barré syndrome, among others. In addition, 223 (11.4%) treatments were used for myasthenia gravis and 101 (5.16%) for desensitization therapy or rejection treatments in solid organ or bone marrow transplants (Table 1). According to the evidence-based classification consulted, 1,480 (75.66%) treatments were prescribed for a demonstrated therapeutic indication (category A), 224 (12.17%) treatments for a developed therapeutic indication (category B), 93 (4.66%) treatments for exceptional therapeutic or non-evidenced therapeutic role indication (categories C and D), and 157 (8.1%) treatments could not be classified because of lack of information (Supplementary Material).


Table 1. Description of IgG use in year 2021.

[image: Table 1]

Prescription was for a chronic pathology (≥ 1 year of treatment) for 1,563 (79.91%) patients. The mean (SD) of the estimated initial monthly dose was 1.07 (0.87) g/Kg per month. The mean of estimated annual consumption per patient was 435 (483.7) g of non-specific IgGs. According to the therapeutic objective of the immunoglobulin prescription, the mean (SD) of the monthly dose of IgGs was highest for diseases not related with replacement therapy or immunomodulation, which stood at 1.69 (1.06) g/Kg, followed by immunomodulation with 1.68 (0.69) g/Kg and other non-classifiable indications due to lack of information, with 1.41 (1.02) g/Kg (Supplementary Material).

Overall, the mean annual estimated consumption per patient (g) in 2021 was statistically lower than the mean annual estimated consumption per patient in 2020 (mean difference −47 g.; 95% CI −62.28; −31.72; p =0.03). In addition, the mean annual estimated cost per patient (€) in 2021 was also lower than the annual mean annual estimated cost per patient in 2020 (mean difference –€1,492; 95% CI, −2,132.12; −851.88; p = 0.027) (Table 2).


Table 2. Main differences between 2020 and 2021 trends in IgG consumption.
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By therapeutic objective, the mean annual estimated consumption per patient (g) in PID statistically decreased in 2021 (mean difference −28 g.; 95% CI: −40.71; −15.29; p = 0.037), and the mean monthly dose per patient in terms of g/kg (mean difference −0.05; 95% CI: = 0.003). The mean annual estimated consumption per patient in other objectives, mainly due to myasthenia gravis, was also statistically lower in 2021 (mean difference −48 g.; 95% CI: −81.81; −14.19; p 0 0.029) (Table 2).

Since stock registry was ongoing, median estimated availability was 19.7 days per month for IVIG and 25 days per month for subcutaneous IgGs (SCIG) (Supplementary Material).



DISCUSSION

There has been a sustained and continued increase in the demand for IgGs in recent years. A review looked at the causes of the large increase in demand for immunoglobulins by investigating guidelines, recommendations, Cochrane data analyses, and systematic reviews for clinical indications of IgGs over time. No new evidence explaining the huge increase was found, and market profitability seems to be the dominant driving force that explains this large increase in demand. This situation is likely to continue in the absence of good clinical studies analyzing the place of IgG therapy vs. other treatments (10).

Product shortages during the COVID-19 pandemic caused sudden increases in demand or disruptions in supply chains of different products such as IgGs. Experiences describe how health systems have handled shortages in essential products by estimating the clinical demand, assessing product supply and potential inequities in access, and enacting policies grounded in an ethical framework for drug allocation (29, 30).

In a shortage situation, contingency planning includes prioritization policies for patients in the event of predicted shortage. A range of strategies tries to maintain ongoing equitable access to blood for transfusion, sharing experience, and developing expert consensus on the basis of evolving publications, have all been proposed as useful tools in helping transfusion services and hospitals (31). Globally, national and regional health systems have designed IgG shortage management plans in last years to deal with possible critical scenarios (32–34). All agents must be implicated in the importance of the good clinical use of IgGs, in particular, and cell blood components and PDMP in general. This limited resource is vital in many medical areas, and major conclusions should be established to assess their clinical use.

The categories of adequacy were agreed upon as a surrogate of appropriate use, so the proportion of prescription in category A could be used as an element to prioritize access to available stocks whenever coordinated distribution was advised.

Regarding dose optimization, use of IgG dose adjusted for ideal body weight (IBW) is a desired option, since biological drugs are mainly distributed to the central compartment; thus, it is sensible to account for the excess of poorly perfused adipose tissue when body-weight adjustment of dosing is done. This is not only rational but also helps saving significant amounts of IgGs. The main guidelines for clinical use of IgGs include recommendations for the use of IBW in the calculation of the dosage weight (DW) of immunoglobulins. In all of them, a compromise is reached between current weight (CW) and IBW to determine the DW (23, 24). The working group is also developing guidance on therapeutic alternatives to IgGs in therapeutic indications where they are available and with solid evidence (24).

Medicine regulatory agencies have developed national shortage registries, but they generally inform once the supply has been compromised instead of early detecting misbalances between use and supply in real-time, thus predicting shortages and allowing early action to avoid or manage them (12).

One of the first proposals of the group was to prospectively collect information about therapeutic indications for which IgGs were prescribed, as well as dosages and posology, in order to analyze clinical adequacy and potential areas of improvement and efficiency.

Data availability on the use of IgGs from clinical records is a useful source of information on how to manage the use of IgGs. In that sense, therapeutic registries may also be useful, since they can approach effectiveness and utilization of registered medicines by collecting information on indication and, eventually, results. A benefit of this information when it is rapidly transformed into reports is in helping decision-making in health. However, an important finding was the consumption growth of IgGs in non-classifiable therapeutic indications. Therefore, more actions should be designed and implemented in order to improve the quality of recorded information.

A very important aspect is the variability observed between the centers in patterns of use of non-specific domestic IgGs and patterns of clinical use of therapeutic indication as in dosages, as well as economic expense. Therefore, a key issue is addressing the variability of usage. Measures for the dissemination of this information among the centers for benchmarking allow identifying and sharing best practices aimed to improve IgG use. Finally, it is also useful to establish common proposals and recommendations for all the centers to reduce the variability. Thus, it is very important to establish good communication with all centers, and to achieve the participation and co-responsibility of the centers in the management of the use of IgGs.

In a situation of scarcity, the concept of using biological agents at the lowest effective dose is logical and may help minimize side effects, some of which may be dose-related. This also saves significant amounts of IgGs. The use of immunoglobulin dose adjusted for ideal body weight (IBW) may be a rational approach.

In our experience, managing the use of IgGs through multiple strategies may be useful; however, we must take into account that observed reduction in the use of IgGs is also coincident with the pandemic period where other circumstances may have influenced their clinical use. Either increased use for COVID-19 related conditions or reduced use due to difficulties in healthcare access during epidemic waves have disrupt IgG consumption. The effectiveness of these policies should be appraised to know their impact on the heterogeneity of their availability, their use, and their clinical outcomes in patients treated with IgGs; furthermore, less consumption should be observed. In addition, shortage alert systems should be improved providing information in real-time and predicting shortage trends and if this manner could advance at critical situations and prepare responses with enough time. The actions developed need close follow-up. Continuous monitoring of proposed indicators is needed in the near future to verify its effectiveness.

Different studies on interventions to reduce low-value care have been carried out. However, little is known about how the effects of such interventions are measured. Most published studies were focused on reduction in utilization. The effectiveness of these interventions have been variable (35). Audit and feedback, computerized advice, point-of-care reminders, practice facilitation, educational outreach, and processes for patient review and follow-up all demonstrated evidence of a quality improvement effect. Evidence of an improvement effect was higher where baseline performance was low and was particularly demonstrated across process measures and measures related to prescribing. Evidence has not been sufficient to suggest that multifaceted approaches were more effective than single interventions (36). However, no study reports the cost-benefit ratio of documented interventions. Future intervention studies should incorporate economic variables to documents and disseminate the cost-benefit ratio.

The main limitations in analyzing the effect of the intervention were related to the study period and the lack of a control group. On the one hand, the study period coincided with the COVID-19 pandemic. Therefore, the main limitation was related to the effect of this disease, which has had a great influence on the observed results. On the other hand, the data are observational and are limited to comparing two periods with a very short time interval; therefore, it is difficult to analyze the effect in such a short time. A concurrent control group was not included to be able to analyze the causal relationship between the intervention and the observed effect. Although different health systems have developed evidence-based management plans for situations of immunoglobulin deficiency, there are no descriptions of the effect of these management plans. Therefore, it should be noted as strength that an initial experience has been presented on the effect of the implementation of specific measures for the clinical management of IgGs in the context of a regional health system. Nevertheless, a long-term follow-up is necessary to verify the effectiveness of these measures.



CONCLUSIONS

The annual consumption and cost of IgGs increased in the last decade. After identifying a potential serious health problem consisting of increasing supply problems of IgGs, a set of pharmaceutical policies has been drawn up in conjunction with stakeholders. A multifaceted intervention based on evidence focused on assessing the clinical adequacy of actual treatments, optimizing indications and dosing, to ensure an equitable supply in centers was done. We used previous records and set up new ad hoc registries to evaluate the effect of this intervention on the use of IgGs. In a short period after the intervention, we observed a decrease in consumption of IgGs and in cost per patient but in the context of COVID-19. Therefore, long-term follow-up would be needed to better analyse the impact of the established measures. Registries play a key role in collection of systematic data to analyze, synthetize, and extract valuable information for decision support. More research is required to determine the use and impact of quality improvement interventions using theoretical frameworks and by cost-effectiveness analysis.
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