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The term 'pressure' has been used in a variety of contexts to describe the status of the healthcare 

systems since long before the COVID-19 pandemic. However, a formal definition of healthcare 

system pressure (HCSP) is currently lacking. To fill this gap, we developed and tested a conceptual 

framework of HCSP comprising: (1) a general definition of HCSP and the underlying concepts; (2) 

approaches to alleviate HCSP and (3) a classification of HCSP metrics. 

We conducted a targeted literature review to find definitions of HCSP, types of interventions used to 

respond to HCSP, and metrics of their impact. To test the 'framework's usefulness, we conducted 

interviews with healthcare professionals using respiratory syncytial virus and Clostridioides difficile 

hospital infections. 

We found no existing conceptualisation of pressure in healthcare settings. Therefore, we defined 

HCSP using related concepts of resources, capacity and utilisation as occurring when the demand 

determining the utilised capacity of a resource exceeds its usable capacity. Responses to HCSP 

include expansion of capacity in anticipation of pressure or as a pressure-mitigating action. HCSP 

can be measured using direct metrics of utilisation of each resource, or indirect metrics of the 

impact of pressure. The interviews confirmed the overall comprehensiveness of our framework as a 

tool to describe pressure and responses to it. 

The framework contributes to improving the understanding of HCSP and its implications. By defining 

and describing measures of HCSP it may aid future decision-making in measuring the value of health 

technologies that prevent and mitigate pressure. 
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Extremely high levels of demand for urgent care during the peak of the COVID-19 pandemic, followed 

by an increase in the pent-up demand for elective care, have highlighted the severe consequences of 

resource scarcity within healthcare systems. To describe such extraordinary circumstances, the term 

'pressure' has often been used in various contexts. For example, it has been applied to describe the 

impact of the pandemic on healthcare systems as a whole (Legido-Quigley et al., 2020; Siettos et al., 

2021), on specific healthcare systems' units (e.g. critical care) (Carter and Notter, 2020), or on 

different resources, such as staff (Alharbi, Jackson and Usher, 2020) and finances (Barnett, Mehrotra 

and Landon, 2020). However, the term 'pressure' has been used to describe the healthcare systems' 

status long before the COVID-19 pandemic. In the UK, a persistent indicator of 'pressure' is the 

increasing waiting lists and waiting times for treatment (Thorlby, Gardner and Turton, 2019). 

Pressure is also regularly discussed in the context of the winter season, when surges in accident and 

emergency (A&E) admissions and higher bed occupancy rates lead to cancellations in elective care 

(Kershaw, 2018). Despite its relevance, the term ‘pressure’ is widely used in a colloquial sense, and 

there seems to be no formal, universally accepted definition in the context of health care. 

To systematically understand the implications of pressure in the context of healthcare systems, 

standard definitions of the term, its underlying concepts, and the metrics to assess the related 

impact are required. In fact, healthcare systems under pressure are likely to perform differently than 

in normal circumstances, resulting in an inability to deliver care to people who need it in a situation of 

emergency or postponed planned care (Alderwick, 2022). Further, the quality of care may also 

decrease due to prolonged pressure on staff, leading to staff burnout and worse health outcomes for 

patients (Dall’Ora et al., 2020). Establishing a clearer understanding of pressure in the context of 

health care is also important to assess the value of policies and interventions that mitigate or prevent 

pressure and improve overall healthcare systems' performance and resilience. 

This paper aims to fill this gap by providing a conceptual framework of healthcare system pressure 

(HCSP). To do so, we are proposing a conceptual framework comprising (1) a general definition of 

HCSP and the underlying concepts; (2) approaches to alleviate HCSP and (3) a classification of HSCP 

metrics. Further, we conducted a "proof-of-concept" exercise utilising expert interviews to test the 

comprehensiveness and usefulness of this framework, using respiratory syncytial virus (RSV) and 

Clostridioides difficile (C. difficile) infections as case studies, both of which have a significant risk of 

transmission in hospitals settings and manifest distinct diseases across different age groups and 

seasons of the year. 
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We conducted a targeted literature review to find definitions of HCSP, identify the types of 

interventions used to respond to such pressure, and metrics to quantify their effect. The choice to 

focus on HCSP in the hospital settings was motivated by their primary exposure to increased 

patients' demand in case of seasonal infections or pandemics (The Health Foundation, 2020; 

Iacobucci, 2021). The review's results informed the development of each component of the 

conceptual framework. 

We searched the peer-reviewed literature on PubMed and performed additional targeted searches on 

Google to capture the grey literature. We conducted the searches in January 2020, hence these were 

restricted to studies published in English between January 1st 1960 and December 31st 2019. The 

main reasons for exclusion were records that applied the term 'pressure' in other contexts (e.g. 

medical: pressure ulcers) or work that focussed solely on low-income countries or the outpatient 

sector. Due to the heterogeneity of the included records, we looked specifically for existing 

definitions and conceptualisations of pressure in the healthcare sector, frameworks that help to 

explain the relationship between investment decisions and the occurrence of any form of pressure 

and relevant metrics and indicators. We provide details on the literature search strategy in the 

Supplementary material. 

 

We conducted nine interviews with healthcare professionals in three countries (Germany, Italy, UK). 

We chose experts with experience in planning hospital resources for managing RSV in paediatric 

populations (n= 4) and C. difficile infections (n=5) as we hypothesised that both disease areas could 

contribute significantly to HCSP. Due to the challenge in recruiting experts with this profile during the 

peak of the COVID-19 pandemic, the interviews were conducted during the third and fourth quarters 

of 2021. 

To test the comprehensiveness and usefulness of the conceptual framework in describing HCSP and 

its resource impact in hospital settings, the interviews explored experts' experience of pressure due 

to RSV/ C. difficile, the response actions and their resource implications, and the availability of 

metrics to quantify the HCSP related to RSV and C. difficile. We provide the interview guide for each 

disease area in the Supplementary material. 
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The PubMed and Google searches yielded 771 and 44 results, respectively. After screening the 

records' titles and abstracts, 44 studies were considered eligible for consideration and were read in 

full text. Of these, 21 studies were included in the review and informed the framework development. 

The corresponding Prisma flow chart is given in the Supplementary material. 

We found no formal conceptualisation of pressure in healthcare settings and therefore analysed the 

information according to potential definitions, underlying concepts, options to alleviate pressure and 

useful metrics to measure it.  

There is currently no universally accepted definition of HCSP. Pressure affects different types of 

resources that can be categorised into 'staff' (i.e., labour resources), 'stuff' (i.e., durable equipment, 

pharmaceuticals, medical or non-medical supplies that are consumed during the health production 

process) and 'structures' (physical infrastructure and management infrastructure within the hospital) 

(Vissers and Beech, 2005, chap.4; Kaji, Koenig and Bey, 2006). 

HCSP can affect different resources. The concepts behind a resource's capacity and utilisation are 

key to conceptualising pressure for each resource. A resource has a usable capacity, which is the 

amount of capacity available for production in normal circumstances (Vissers and Beech, 2005, 

p.55). The usable capacity can be split into utilised capacity, which is actually used for production, 

and idle capacity, which remains unused (Vissers and Beech, 2005, p.56). From this, a resource 

capacity's utilisation can be defined as the ratio of utilised to usable capacity. 

Using the concepts of resources, capacity and utilisation, we define HCSP as occurring when the 

demand determining the utilised capacity of a resource exceeds its usable capacity (Figure 1). 

Crucially, pressure will be perceived when the level of capacity's utilisation exceeds a certain critical 

threshold, namely, when the level of utilised capacity approaches that of usable capacity. The critical 

utilisation threshold beyond which pressure is perceived may vary across settings. 

To keep the utilisation rate under a critical threshold (e.g., in the English National Health System 

(NHS), the rate of bed occupancy above which hospitals may no longer be able to work safely and 

effectively is 85% (NHS Providers, 2021)), hospitals' decision-makers and stakeholders can undertake 

two main actions impacting their resource capacity. First, they can act in anticipation of pressure by 

increasing the level of their usable capacity and being able to accommodate a higher demand level. 

However, such pressure-preventative actions may come at an opportunity cost when the risk of 

pressure is low because a significant part of the usable capacity will remain idle.  

The second option is to expand the usable capacity along the intensive or extensive margin as a 

pressure-mitigating action. The concept of capacity expansion is linked to the concept of surge 

capacity, which is predominately applied within the field of disaster management (Bonnett et al., 

2007; Kaji, Koenig and Bey, 2006; Schultz and Stratton, 2007; Hick et al., 2008; Rubinson et al., 2008). 

Capacity extension along the intensive margin involves expanding a resource's usable capacity (e.g. 

staff working overtime). Capacity extension along the extensive margin requires either the temporary 

utilisation of external resources (e.g., hiring locum staff) or transferring demand outside the service 
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area (e.g., across hospitals). An undesirable alternative to capacity extension is the reduction of 

utilised capacity through the rationing of provided healthcare services without being able to transfer 

patients to another provider (Robertson et al., 2017). 

We found no consensus on the metrics of HCSP and its opportunity costs. However, for each 

resource, HCSP can be measured using usable and utilised capacity metrics. Key performance 

indicators (KPI) within hospital finance, processes and staff routinely collected (Rahimi et al., 2017) 

offer various options for measuring pressure. However, while some of the KPIs measure pressure 

directly through the level of utilisation of different resources (e.g. bed occupancy rate, the average 

length of stay, over hours per clinical staff member), others are indirect indicators of the underlying 

pressure on resources (e.g. staff turnover rate, waiting times, rate of patient complaints). This, in 

turn, can affect quality measures and outcomes (e.g. mortality rate, etc.).  

The usefulness of each metric depends on the specific context and data availability within a hospital. 

Therefore, our framework offers only a selection of direct and indirect metrics that decision-makers 

can use to investigate the level of HCSP but does not claim to be an exhaustive list. 

Based on those findings, we synthesised the available information into a framework summarised in 

Figure 1. 
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FIGURE 1 CONCEPTUAL FRAMEWORK OF HCSP 
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RSV outbreaks are concentrated in the winter period. Two interviewees commented that the reduced 

circulation of RSV during the COVID-19 lockdowns may have altered the disease epidemiology, as 

several cases were observed in the summer months of 2021 after the COVID-19 restrictions were 

eased. Collectively, RSV outbreaks were perceived as creating HCSP in the form of great demand on 

paediatric wards, increased staff sickness, surge capacity in intensive care units. 

All interviewees discussed preventive actions undertaken before the RSV outbreaks season as 

operational and organisational measures. For example, staff update internal hospital admission 

pathways and protocols, plan and align treatment standards across hospitals, and distribute 

educational material to parents of children at risk. 

Pressure mitigating actions against RSV required staff to work extra hours and carry out additional 

tasks such as participating in extraordinary paediatric ward meetings (n=1), conducting additional 

cleaning of rooms and wards (n=1) and using disposable equipment to minimise the risk of 

transmission (n=2), isolating patients in single rooms or shared bays (n=1). Interviewees in Germany 

and Italy (n=3) mentioned that hiring extra staff in the winter is rarely successful due to staff 

shortages. A UK-based interviewee stated that hiring of temporary staff is possible, although at a 

high cost. Three interviewees mentioned elective surgeries are at risk of cancellation and delay, 

although this is more likely in extreme situations.  

All interviewees agreed that there are no metrics of pressure collected specifically for RSV. Indicators 

of infection prevalence (e.g. volume of admissions, pathogens investigations), hospital occupancy 

and activity (e.g. bed-days, length of stay) were suggested as proxy indicators. No metrics of the 

impact of pressure-preventing actions on resources exist. Metrics and data of pressure mitigating 

actions on staff (e.g. missed shifts, regular/extra working hours reports, staff/patient ratio), stuff (e.g. 

inventory of single-use equipment in stock), and structures (e.g. elective admissions cancelled) may 

be possible. However, they are not measured in practice. 

All interviewees agreed that the incidence of C. difficile infections has declined over the years and, 

consequently, the related risk of outbreaks. The COVID-19 pandemic may have contributed further to 

the overall decline in incidence due to increased awareness of hygiene measures. One interviewee 

argued that even a small number of C. difficile infections could create pressure on hospital wards 

because of a set of extraordinary measures impacting the normal functioning of wards. 

Four interviewees stated that the majority of the pressure-preventing actions relevant to C. difficile 

belong to general guidelines for the prevention and control of hospital-acquired infections, such as 

hand hygiene, use of personal protective equipment (PPE) and antimicrobial stewardship. 

Pressure-mitigating actions against C. difficile are triggered by C. difficile 'alert systems'. Overall, 

these require isolating patients in single rooms (n=5), testing asymptomatic patients (n=1), and 

increasing sterilisation and cleaning protocols with specific cleaning agents (n=3). One interviewee 

stated that disease experts are also responsible for advising the clinical staff on the isolation and 

treatment of a patient, on top of their clinical responsibilities. 

As in the case of RSV infections, all interviewees highlighted a scarcity of routinely collected data and 

metrics on pressure caused by C. difficile and the impact of preventive and mitigating actions on 

different resources.
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This paper proposes a conceptual framework to formally define HCSP, describes the options to 

alleviate it, and classifies the available metrics for its quantification. We tested the usefulness of the 

framework with medical experts related to RSV and C. difficile infections, as the former are one of the 

most common respiratory infections in infant populations during the winter season (Scheltema et al., 

2017) while the latter are a complication of hospitalised elderly patients, usually presenting multiple 

comorbidities (Jump, 2013). Both pathogens were chosen because they are likely to contribute to 

HCSP due to high risk of transmission in hospitals while their epidemiology is sufficiently different to 

help understanding the generalisability and broader applicability of the proposed framework.  

We searched the academic literature on the topic of pressure in healthcare settings and found that a 

direct and clear conceptualisation was missing. For that reason, we defined the term based on 

complementary concepts of healthcare demand and resource capacity.  

The proposed taxonomy of pressure-alleviating options can be used to evaluate the reaction of 

healthcare providers to pressure and, where sufficient data are available, could support a 

quantification of its impact. While these options were derived based on a literature search focusing 

on hospital settings, they have broader relevance and are applicable to other healthcare settings.  

The interviews provided additional insights to improve its comprehensiveness and confirmed the 

overall usefulness of our framework as a tool to describe pressure and responses to it. The hospital 

responses to RSV and C. difficile outbreaks documented in the interviews confirmed that the types of 

resources impacted by pressure are within our categorisation of hospital capacity (i.e. staff, stuff, 

structures). The actions undertaken in response to pressure are indeed of preventative or mitigative 

nature, although their relative importance seems variable. Preventative actions based on operational 

and organisational measures are more common than simply investing in accumulating additional 

capacity of staff, stuff or structures. This is aligned with the notion that hospital capacity planning 

should focus on the ability to deliver processes (Rechel, Richardson and McKee, 2018).  

The majority of the pressure mitigating actions are also within those predicted by the conceptual 

framework, as they include a mix of capacity expansion of staff along the intensive margin (for staff) 

and along the extensive margin (for stuff). Some interviewees mentioned (in the case of C. difficile 

infections) patient isolation in single-use rooms as a practice to reduce the spread of infections 

causing pressure, thus potentially reducing the usable capacity of structures. Our framework does 

not explicitly capture this action.  

On the metrics of pressure, the interviews confirmed our finding from the literature review that 

pressure measurement is not undertaken systematically through a set of established indicators. 

While different candidate metrics may be available, further research and policy alignment is required 

to evaluate the most suitable metrics of pressure and its impact. One key example relevant to the 

English NHS is the rate of hospital bed occupancy, as a potential indicator of pressure based on the 

ratio of utilised to usable capacity. The bed occupancy rate is routinely monitored, especially in the 

winter months, but its optimal level is subject of debate. For example, to avoid the risk of pressure-

related adverse events, the National Audit Office in the UK has traditionally recommended that bed 

occupancy should not exceed 85% (National Audit Office, 2013). More recently, the NHS planned for 

an expected bed occupancy of up to 95%, attracting concerns that these may not be safe and 

sustainable. Ensuring that indicators of capacity utilisation such as the optimal bed occupancy rates 

are based on evidence-based recommendations considering the hospitals ability to cope with 

demand are key to preventing and identifying pressure. 
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Our proposed framework might have useful, practical applications. Our formulation of HCSP could 

support an evaluation of health technologies that ease pressure on the healthcare system in health 

technology assessment (HTA), where the objective is to inform an efficient allocation of constrained 

healthcare resources. This is especially relevant when pressure is extremely high and leads to health 

care rationing in the form of cancelled elective surgeries. Given the large backlogs of elective care 

and the high opportunity cost associated with delayed treatment, HSCP-easing health technologies 

such as vaccines might be undervalued using existing HTA methodologies (Brassel et al., 2022).  

Furthermore, optimising the available resources and, therefore, efficiency, organisational actions 

align with our framework as they can be seen as increasing the level of usable capacity (i.e. which is 

available for production). Further research should therefore explore how this framework could 

support efforts to optimise efficiency in different care sectors.  

One limitation of our work is that the conceptualisation of HCSP is based on the pre-COVID-19 

literature. The COVID-19 pandemic elevated the use of the term pressure in health care context to 

significant prominence (BMA, 2022; Walker, 2022; NHS Confederation, 2022; Murray, 2023). However, 

to the best of our knowledge, a conceptualisation of HCSP as the one presented in this paper is still 

missing. Another term that has gained prominence since the COVID-19 pandemic is that of 

resilience. Resilience is closely linked to the idea of mitigating the impact of HCSP, as it indicates a 

healthcare system’s ability to plan for a hypothetical crisis, absorb shocks and accelerate recovery 

(OECD, 2023). As part of a set of recommendations to make health systems more resilient, the OECD 

identifies capacity adaptation and strengthening as a key mitigation strategy for future pandemics 

(OECD, 2023), consistently with our suggested approaches to alleviate HCSP. While our 

conceptualisation should be further tested and refined in the future, results from the interviews on 

the comprehensiveness of the framework, and complementary research on resilience, suggest a 

continued relevance of the framework in post-pandemic times. 

Secondly, our framework does not explicitly mention the harms resulting from pressure, although 

this is closely linked to the response options and metrics. Harm results from service rationing in case 

patient demand cannot be diverted to another provider. The resulting lack of care or a late diagnosis 

might lead to deteriorating health or higher infection rates within the population in case of an 

untreated infectious disease. This is an “insider-outsider” challenge that requires to make a choice of 

optimising care for those who are already in the system, or shifting resources towards those 

unattended and outside of the system. Harm might also result from the indirect consequences of 

pressure that will reduce productivity and efficiency of the service, eventually eroding the quality and, 

hence, the outcomes of health care delivery in the long run. A final limitation of our work is the small 

sample size of the interviews, which prevents a full generalisation of their insights or cross-country 

comparisons. However, while the interviews were undertaken primarily as a proof-of-concept 

exercise, they provided preliminary insights on pressure associated with RSV and C. difficile 

infections and the healthcare system's response to it. Our qualitative findings may therefore guide 

future quantification of the impact of RSV and C. difficile-related HCSP.
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Our framework is a first important step to improving the understanding of HCSP related to infectious 

diseases in hospital settings and its implications. Firstly, it creates a shared language for policy and 

decision-makers to define, address and measure impact on HCSP more systematically. Secondly, it 

may aid future decision-making by supporting HTA bodies in measuring the value of health 

technologies that prevent and mitigate pressure. Additional research on metrics and data that enable 

pressure measurement are required to achieve this (Brassel et al., 2022).  
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TABLE 1 QUERIES INFORMING PUBMED SEARCH 

# QUERY for PubMed Search RESULTS 

1 Search ((Pressure[Title]) OR utilization[Title] OR utilisation[Title] 
OR capacity[Title] OR constraint[Title] OR sustain*[Title]) 

322,167 

2 Search Health*[Title/Abstract] 1,964,925 

3 Search (Defin*[Title] OR Meas*[Title] OR Conc*[Title]) 740,763 

4 Search (#1 AND #2 AND #3) 1,223 

5 Search ((Blood pressure[Title]) OR (pressure ulcer[Title])) 61,481 

6 Search (#4 NOT #5) 771 

 
 

 
 

FIGURE 2 RECORDS SELECTION PROCESS 
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INTRODUCTION 

1. Please state your job title and provide a short description of your position and hospital 

department. 

2. How would you describe your position within the management structure of your hospital? 

STEP 0: DEFINITION AND IMPACT OF HEALTH SYSTEM PRESSURE  

1. How would you define (or describe) health system pressure? 

a. Would you expect that RSV (or C. difficile) contribute to such pressure? If so, please 

elaborate on the predictability, frequency and intensity of events causing such pressure, 

and if they are associated to winter seasonality.  

4. How do you perceive health system pressure due to RSV (or C. difficile)? 

a. What is the impact on the financial, operational or quality of care performance of the 

hospital? 

b. Which resources (e.g. staff, stuff, or structure) are impacted by this pressure? 

IN THE FOLLOWING PART OF THE INTERVIEW, WE WOULD LIKE TO DISCUSS THE RESPONSE OF 
HOSPITALS TO HEALTH SYSTEM PRESSURE. WE WILL START WITH PREVENTIVE STRATEGIES 
THAT ARE AVAILABLE BEFORE EPISODES OF HEALTH SYSTEM PRESSURE OCCUR, AND THEN 
TALK ABOUT MITIGATING STRATEGIES DURING EPISODES OF HEALTH SYSTEM PRESSURE. 
PLEASE ANSWER THE QUESTION WITH REFERENCE TO THE PRE-COVID-19 PRACTICES UNLESS 
PROMPTED OTHERWISE. 

STEP 1: HOSPITAL STRATEGIES TO PREVENT HEALTH SYSTEM PRESSURE BEFORE THE RSV (OR 
C. DIFFICILE) WINTER SEASONALITY 

5. Does your hospital undertake any preventive actions to prepare for health system pressure due to 

RSV (or C. difficile)?  

a. What is the nature of these actions (e.g., financial or operational/organisational)? 

b. When do these actions occur? 

c. Which resources (e.g. from the categories "staff, stuff, structure") are affected by these 

actions? 

6. Have any of these preventative actions changed during the COVID-19 period? Will any of these 

strategies look different in a post-COVID-19 period?  

STEP 2: HOSPITAL STRATEGIES TO MITIGATE HEALTH SYSTEM PRESSURE DURING THE RSV (OR 

C. DIFFICILE) WINTER SEASONALITY 
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7. What kinds of mitigation actions does your hospital undertake to cope during the winter 

respiratory season, beyond the usual activities? 

a. What is the nature of these actions (e.g., financial or operational/organisational)?  

8. Which resources (e.g. from the categories "staff, stuff, structure") are affected by these 

strategies? 

a. Does the hospital temporarily over-utilise existing resources or temporarily expand the 

available resources?   

b. Do shared resources or innovative solutions (e.g., digital health) play any role in mitigating 

health system pressure (e.g., from other hospital departments, other hospitals or outside 

the hospital)? 

9. Does the hospital temporarily ration services in case of a pressure event (e.g., treatment delay, 

referral to other hospitals/ departments, foregoing treatment)? 

 

STEP 3: INFORMATION ON METRICS OF HEALTH SYSTEM PRESSURE AND THE ROLE OF 

PAYMENT SYSTEMS 

10. Are any metrics (e.g., key performance indicators) available to capture the impact of health 

system pressure on the resources discussed in step 3? If yes, what are they? 

• What other performance indicators or metrics do you think should be used? 

11. How would you measure the impact of this pressure on (health-related) outcomes? 

12. How is your hospital reimbursed for episodes of RSV (or C. difficile) infections?  

13. Does the existing reimbursement system in your hospital cover the (additional) costs associated 

to actions to prevent or mitigate health system pressure due to RSV (or C. difficile)? 

• Does your hospital receive any extra payments?  

• Who, in your opinion, absorbs the main costs of health system pressure? 

CLOSING REMARKS 

Do you want to make any additional comments related to this topic? 
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• The economics of health care systems 
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• HTA’s impact on decision making, health care spending and the delivery of care 

• Pricing and reimbursement for biologics and pharmaceuticals, including value-
based pricing, risk sharing and biosimilars market competition 

• The costs of treating, or failing to treat, specific diseases and conditions 

• Drivers of, and incentives for, the uptake of pharmaceuticals and prescription 
medicines 

• Competition and incentives for improving the quality and efficiency of health 
care 
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and time trade-off (TTO) methodology 
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• Health and health care statistics 
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