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Abstract

:

Background: Telemedicine has been incorporated into daily clinical practice. The purpose of this paper is to evaluate the economic impact of electronic consultation as a means of referring patients between Primary Care (PC) services and the referral Cardiology Service (CS) of a tertiary hospital, in particular, the cost of reduced air pollution. Methods: The direct and indirect costs associated with all the interconsultations between PC and a CS of a tertiary hospital were analyzed under a universal single act model versus a prior e-consultation model that selected patients who would later attend the single-act consultation. The cost of pollution from private motor vehicle travel by road has been analyzed with a Cobb–Douglas cost function. Results: The total cost per patient, including the costs associated with death, represented a saving in the model with e-consultation of 25.6%. The economic value for the reduction of contamination would be EUR 12.86 per patient. Conclusions: The introduction of e-consultation in the outpatient management of patients referred from PC to a CS, helps to reduce direct and indirect costs for the patient and the Health Care System. The cost of pollution associated with the trips explains the total cost to a greater extent, except for the first face-to-face consultation.
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1. Introduction


In the last two decades, telemedicine has progressively been incorporated into daily clinical practice, with the parallel development of information technologies and computer communication [1]. In some healthcare settings, it has been observed that telemedicine systems can be effective in reducing total mortality, as in the clinical trial Telemonitoring in the Management of Heart Failure study [2], and cost-effective, when the assessment can be made through the information available in the electronic medical record [3,4]. Due to the prevalence of cardiovascular diseases and the demand for care they cause, the Cardiology (CS) services are one of the places where telemedicine can have a greater application and utility, especially in view of the need for a rapid response and adequate to the consultation generated from Primary Care (PC), where it is possible to resolve, in a high percentage of cases, the demand for care through information and complementary tests performed on the patient at another level of care [5].



Although there are already some experiences and models in the cardiovascular area, such as telematic follow-up and telephone control by nurses of patients with heart failure [5], there are no data available on global strategies in which all patients, regardless of their disease or reason for consultation, are evaluated electronically through an e-consultation by a hospital specialist to later carry out a face-to-face follow-up in those who require some face-to-face diagnostic or therapeutic intervention.



However, for this interconnection to function correctly, it is essential that both levels of care share a single electronic medical record interconnected through the network.



Linked to the experiences of economy is the possible savings associated with a reduction in trips by private car and with it a lower CO2 emission and the consequent savings in pollution costs. Air pollution is largely an avoidable health risk that affects everyone, although the most vulnerable—the sick, the elderly, children, and the poor—face disproportionate risks. Fortunately, reducing air pollution can result in quick and substantial health gains [6]. In HEATCO (Development of Harmonized European Approaches to Transport, Project Costing and Evaluation), the health cost of land transport emissions was calculated on the exposure-response functions established in the EU ExternE project. According to the study, in urban areas in Austria and the United Kingdom, each ton of PM2.5 emissions caused annual health costs of EUR 450,000, and in France and Germany, EUR 430,000.



Based on the WHO report [7], the avoidable mortality due to the reduction in air pollutant emissions in 2030 is 74,000 deaths, of which 45,100 (61%) of all deaths are avoided in the EU member states. This figure represents around 10% of the health burden attributed to particulate air pollution in 2010. In terms of life expectancy years gained, the total benefit in the entire European Region is 736,000 life years gained, from of which 55% is attributed to the EU28 countries.



Environmental economics tends to develop analyses based on neoclassical theory and studies that are framed in what is known as “Natural Resource Economics”. The main idea of this approach is that environmental problems arise from what are known as market failures. That is, situations in which the market does not function as an optimal allocator of resources. The environment in general, and many natural resources are linked to the concepts of externality, public good, and common pool resources. The presence of these market failures is generally associated with the absence of markets for these environmental goods and services. As Arrow argues, when there is no market, there is an information gap for individual decision making, which must be filled with some form of guesswork [8]. The problem is that these conjectures are hardly consistent with the reality associated with the phenomenon under study, and consequently, the decision making derived from them results in a non-optimal allocation of resources. In such situations, the task of environmental economics is to provide analyses and tools to correct such deviations. This type of study is mainly aimed at the direct or indirect valuation in monetary terms of the changes that occur in the tarry terms of the changes in the quality of an environmental good or service.



In this sense, two types of approaches are recognized for the economic analysis of environmental impacts. First, the standard cost-benefit criterion is considered, comparing the benefits and costs associated with a particular action to determine whether it is worthwhile or not to undertake the action. This approach is generally used when comparing different alternatives or projects by identifying the associated environmental impacts and assigning an economic value to the resulting outcomes. An example of this might be the analysis of different technologies and the improvements in community health that they can generate.



However, in some cases, it may not be feasible or desirable to undertake a traditional cost-benefit analysis. For example, there are some natural areas that are considered unique in the world, and for that reason, it is agreed that they should be conserved without considering the cost of doing so. On the other hand, there may be cases where there is a high level of uncertainty about the benefits that the environmental goods and services under study may provide, both now and in the future, which creates significant problems in assigning appropriate monetary values. Where the loss of these environmental services may be irreversible, it is desirable to opt for a strategy that minimizes the losses associated with environmental damage unless the social cost of doing so is excessively high. This perspective is known as “safe minimum standards”. In these cases, a variant of traditional cost-benefit analysis is applied, the cost-effectiveness approach, which consists of finding the most efficient way to achieve a particular environmental objective. It is important to note that this approach indicates which alternative is the most efficient but does not assess whether the expected benefits justify the costs to be incurred. The answer to the latter question rests on informed judgement and the common sense of the person conducting the study [9]. The great advantage of cost-effectiveness analysis is that it does not require the measurement of benefits. The fact that the aim is to achieve a given objective in the most efficient way means that the analyst can limit himself to computing the costs of each of the alternatives to be studied. Implicitly, it would be assumed that the benefits derived from the achievement of that alternative are very high [10].



On the other hand, transport models usually use time and cost as explanatory variables of user behavior and modal choice, time, and cost. However, the cost perceived only includes a part of the costs. Therefore, the market does not allocate demand in a socially efficient way. Efficiently, in social terms, the market does not allocate demand among the various modes of transport, nor in the various time slots, different time slots, etc. For this to be the case, all would have to be considered: those borne personally by users and those borne by administrations and external costs. The first two are considered, with various allocation procedures in Cost-Benefit Analyses.



However, the costs that are clearly not perceived are externalities. They are effects of the transport system, which do not have a market price and are suffered by third parties, without compensation or payment. The most frequently considered externalities are the following: air pollution, noise, greenhouse gas emissions, accidents, barrier effects emissions, accidents, barrier effects, impacts on the natural environment, and, partially, congestion.



Not taking into account the costs of externalities—i.e., not internalizing them—sends the wrong signals to the transport market, which behaves inefficiently and, according to Maibach [11], increases congestion, safety, and environmental problems. This is especially true in an increasingly liberalized transport market, as already pointed out by the European Union in its White Paper, “Fair payment of infrastructure use” [12]. The Transport White Paper European transport policy for 2010: time to decide [13] expresses the need to integrate external costs and infrastructure costs into the pricing system to have an efficient and competitive European market on the right basis.



Although there is a consensus on the need to consider costs, their measurement is not straightforward, as it requires specific methodologies and measurement techniques based on the economic valuation of externalities. This valuation will be conducted through the measurement of the utility of such a good. However, these utilities are goods that are difficult to value—for example, clean air or the absence of noise—because they do not have a market price. Moreover, the scope of the impact is very varied; noise, for example, only affects a small geographical area close to the transport route, while CO2 emissions affect the entire planet, and not only this generation but also future generations.



The objective of this work is to evaluate the economic impact of electronic consultation as a means of referring patients between PC services and the referral CS of a tertiary hospital.




2. Methods


2.1. Population


The Healthcare Area under study and belonging to the Galicia–North Portugal Euroregion provides healthcare coverage to 446,603 citizens, 352,331 of which are over 14 years of age. This population is characterized by its great geographic dispersion and aging, being distributed in 46 population centers.



The number of citizens over 65 years of age is 107,812, which represents 24.2% of the population of the area. To provide assistance to the population over 14 years of age, the health area is endowed with 301 family doctor (FM) positions, who carry out their care activity in 56 health centers and 21 peripheral clinics, all of them functionally grouped into 25 Health Services and Primary Care (SAP).



For the present work, the patients referred from PC were selected, all of them registered in the computer system, with at least one consultation in the CS between 2010 and 2019, obtaining a final sample of 41,405 patients, and whose clinical and epidemiological characteristics have already been previously described [14].




2.2. Assistance Model in Access to Outpatient Cardiology Consultations


From 2008 to 2012, a “one-time” consultation model was implemented, according to which the visit to the cardiologist includes, on the same day, the performance of all those complementary tests that he considers necessary for the diagnosis of the patient. As of 2013 and up to the present, an electronic consultation or e-consultation model has been implemented from the PC to the CS, which consists of a telematic assessment, based on the information available in the electronic medical record of the patient, prior to the consultation of single act and that has been defined in previous articles [14].




2.3. Analysis


A cost analysis was carried out, through an analytical model in Microsoft Excel 2019, to calculate the costs generated after requesting a referral to the CS from the PC and the health results (clinical consequences). The results are expressed at three levels: (1) the costs generated for the patient, in terms of time and travel, (2) the benefits of the e-consultation program, calculated as saved costs for the National Health System (NHS) in terms of consultations and hospital admissions; and (3) costs to society, in terms of costs associated with death.




2.4. Costs and Definitions


The variables used for the analysis of healthcare activity and health outcomes of both models have been previously defined [14].



The expenses generated in medical consultations, as well as during hospital admissions are established as rates by Government Decree [15]. However, some costs need to be defined for a better understanding of the reader of our work:




	(1)

	
The cost of the teleconsultation has not been defined by Government Decree. Following the results of the work by Moreno-Ramírez et al., a 40% reduction in the cost of a face-to-face consultation has been estimated [16].




	(2)

	
The cost of the trip (which corresponds to the patient’s displacement to their health center (CS)) in the e-consultation has been calculated from the average distance between the parish without CS and the closest CS. In the territory Government Decree, the average has been set at 3.92 km [17], which is multiplied by EUR 0.19/km to calculate the cost of this distance [18].




	(3)

	
The cost of the time invested in the trip to the hospital to attend the face-to-face consultation was estimated from the weighted mean time for our health area (39,084 min). To this time is added the average duration of the consultation (20 min) and the time to park and arrive at the consultation area (another 20 min), so the total time will be 79,084 min.














	
For the working-age population, the cost was estimated taking into account the average gross income of the worker (EUR 18,768.21/year) and the unemployment rate (7.9%) in our health area as of 31 December 2019 [19] (Health area of Santiago encompasses 46 municipalities, and according to data from the Public Employment Service, dependent on the Ministry of Labour of the Spanish Government and weighted by the population of the municipalities, the average unemployment rate in the Santiago Health Area is 7.9%). On the other hand, leisure time was valued at 47% of the cost of working hours [20].



	
For the retired population, the cost was estimated taking into account the percentage of people aged 65 or over who perform volunteer work according to the CIS-IMSERSO study (2.3%) [21]; those dedicated to caring for grandchildren according to the study “Living Conditions of the Elderly” carried out by the Sociological Research Center (22.6%) [22] and the Public Indicator of Multiple Effects Income (IPREM).













	(4)

	
The cost of time on the waiting list has been analyzed based on the study by Propper et al. [23], valued at GBP 38.89 (in 1987) for each month.









Transferred to 2019 in EUR, they correspond to EUR 101.52. Therefore, the imputed cost in patients who stayed less than a month was EUR 0.



	(5)

	
The cost of the death of the active population was estimated based on the expected benefits in terms of decreased incidence, mortality, and potential years of lost working life, estimating the economic value derived from lost wages for the average gross income per worker of the area (EUR 18,768.21/year).




	(6)

	
The cost of the death of the retired population was estimated based on the expected benefits in terms of decreased incidence, mortality and potential years of life lost (in relation to the average age of life expectancy) estimating the economic value, derived of the contribution of those over 65 to volunteer work and care for grandchildren (IPREM: EUR 7519.59/year).




	(7)

	
The cost of pollution from private motor vehicle travel by road. A significant part of transport studies focusses on carbon dioxide (CO2) emissions, and, in turn, CO2 emissions are directly related to fuel consumption and fuel efficiency [24,25]. Chester and Horvath estimate that the total emissions of a passenger car are 0.36 kg CO2e per passenger and mile [26], and the cost of CO2 emission is EUR 0.0770235 per gram [27].







Depending on the type of externalities and the information or budget available for their quantification, indirect methods or direct methods will be used. The former tries to establish a cause–effect relationship, e.g., valuing noise by the cost of avoiding it: noise protection screens. Direct methods are based on users’ choices. Hedonic pricing, for example, yields price differences for the same good depending on environmental conditions: two houses of the same type may have a different price depending on their proximity to a noisy road. Other times, it is necessary to resort to contingent valuation or willingness to pay/accept a compensatory payment to improve the environmental conditions of a good. This valuation also frequently uses stated preference surveys.



According to the European CAPRI project [28] external costs due to congestion, space shortages, and accidents should be assessed using methods based on the acceptance of payment. In contrast, the cost of air pollution should be determined by a total impact method, incorporating emission, dispersion, and cause–effect (dose–response), with an assessment of the final health impact.



According to economic theory, the economic optimum occurs when prices correspond to marginal costs. Therefore, the European Union’s White Paper on Transport [13] proposes pricing all modes at marginal costs, including infrastructure costs and externalities. Many studies have therefore been carried out to determine the marginal costs of numerous case studies. The difficulty of this approach lies in the problems of extrapolating the values thus determined, as the marginal costs correspond to each specific situation. Moreover, it is not operational to set variable prices—with the level of congestion, according to the area, etc.—as this would hinder market transparency. This approach is the so-called bottom-up approach. From a multitude of case studies, valid values can be proposed for several contexts, duly typified.



The other approach, which is called top-down, is to calculate average costs. This is performed by calculating the total costs for a given geographical area for each of the externalities (accidents, pollution, etc.) and then dividing them by the transport units (vehicles or passenger-km). The costs determined in this way do not reflect the theoretical economic optimum, but they have less variability and can be allocated to larger geographical areas.



Perhaps the most complete study, and with a more homogeneous methodology, has been carried out by the team formed by the Swiss consultancy INFRAS and the IWW Institute of the University of Karlsruhe [29]. This group has calculated the average costs of the various means of transport for all the countries of the European Union for the year 2000.



The Cobb–Douglas function that was estimated by Charles W. Cobb and Paul H. Douglas [30], although it was already anticipated by Knut Wicksell (1901, 1923) and, according to some authors, by J.H. von Thünen [31], presents the following form:


  T C = ∝  X 1   β 1     X 2   β 2    ⋯  X n   β n     








where TC, X1, X2, and Xn represent the Total Cost and the different costs and α, β1, β2, and βn are constants.



The model is linearized by calculating the natural logarithms on both sides of the equality as follows:


  ln T C =  β 0  +  β 1  l n  X 2  +  β n  l n  X n   











For the four models (1. Teleconsultation and resolution in said Teleconsultation; 2. Teleconsultation followed by a first face-to-face consultation and resolution in that first consultation; 3. Teleconsultation followed by a first face-to-face consultation and successive face-to-face consultations; 4. No Teleconsultation, there is a first face-to-face consultation that can solve the problem or require successive face-to-face consultations), the following equations are proposed:


ln TC = β0 + β1 ln Cost of Consultation Time + β2 ln Cost of Pollution External Consultations + β3 ln Cost of Cardiology Admission + β4 ln Cost of Exitus + β5 Cost of Exitus with IPREM



(1)






ln TC = β0 + β1 ln Cost of Time for Teleconsultation + β2 ln Cost of Travel for Teleconsultation + β3 ln Cost of Time for Teleconsultation + β4 ln Cost of Pollution of Teleconsultation + β5 ln Cost of Time for 1st Outpatient Consultation + β6 ln Cost of Time for 2nd Outpatient Consultation + β7 Cost of 2nd Outpatient + β8 Contamination Cost 1st Outpatient Consultation + β9 Contamination Cost 2nd Outpatient Consultation + β10 ln Cardiology Admission Cost + β11 ln Exitus Cost + β12 Exitus Cost with IPREM



(2)






ln TC = β0 + β1 ln Cost Time Teleconsultation + β0 ln Cost Contamination Teleconsultation + β3 ln Cost 1st External Consultation + β4 ln Cost 2nd External Consultation + β5 ln Cost Time 1st External Consultation + β6 ln Cost Time 2nd External Consultation + β7 Cost Contamination 1st Outpatient Consultation + β8 Contamination Cost 2nd Outpatient Consultation + β9 ln Cardiology Admission Cost + β11 ln Exitus Cost + β11 Exitus Cost with IPREM



(3)






ln TC = β0 + β1 ln Cost of Time for Outpatient Consultation + β2 ln Cost of Travel 2nd Outpatient Consultation + β3 ln Cost of 1st Outpatient Consultation + β4 ln Cost of 2nd Outpatient Consultation + β5 ln Cost of Time for 2nd Outpatient Consultation + β6 Cost of Contamination of 2nd Outpatient Consultation + β7 ln Cardiology Admission Cost + β8 ln Exitus Cost + β9 Exitus Cost with IPREM



(4)







Each one of the Beta coefficients of the previous function represents the partial elasticities of each variable, showing the weight of each variable in the Total Cost and allows evaluating the possible existence of economies of scale (EE). The economies of scale are calculated by adding the partial derivatives of the cost function:


  E E =   ∑   i = 1  n    ∂ ln T C    X i     











EE < 1 presence of economies of scale;



EE = 1 constant returns to scale;



EE > 1 presence of diseconomies of scale.





3. Results


The 41,405 patients referred from PC to CS between 2010 and 2019 were included for the analysis. The mean age (SD) was 63.2 ± 18.5 years and 50% were women.



Between 2010 and 2012, 12,182 (29.4%) patients were referred to the SC, all assessed in person in a single-act consultation. Between 2013 and 2019, 29,223 (70.6%) patients were referred for a telematic assessment through an e-consultation through the integrated electronic medical record (HCEI). After this assessment, the cardiologist could resolve the request without the need to see the patient in person, by issuing a written response through the electronic medical record to the PC doctor (n = 6240, 15.1%), or he would make an appointment with the patient in person in a single-act consultation. In the single act consultation, after performing all the diagnostic tests on the same day, the patient could be discharged (n = 8906, 21.5%) or continue their care in any of the specific consultations of the CS (n = 14,077, 34%).



Table 1 shows the costs corresponding to each of the healthcare activities carried out, the time spent by the patient attending the consultation and the costs generated by admissions for cardiovascular causes and mortality.



If we take into account these defined costs, the e-consultation represents a saving of EUR 110.23 compared to the face-to-face consultation, for each medical act, which represents 48.9% in the cost reduction (Table 2). Moreover, 96.3% of this reduction is attributable to the cost associated with moving the patient.



Table 3 shows the analysis of costs associated with medical acts (e-consultation, face-to-face consultation, and hospital admissions the first year after requesting the interconsultation) for each comparison model. The cost of the e-consultation act is between EUR 110.98, for retired patients, and EUR 111.52, for patients of working age. The average cost of the first face-to-face consultation was lower in the e-consultation model for both the active population (EUR 153.54 vs. EUR 600.03) and the retired population (EUR 228.89 vs. EUR 682.76). The mean time spent on the waiting list was less than 7 days in the e-consultation patients [8], so the cost was higher in the single act model patients (EUR 157.48). The cost associated with hospital admissions was lower in the e-consultation model, both in the active population (EUR 72.70 vs. EUR 190.85) and the retired (EUR 460.63 vs. EUR 1130.71).



Table 4 shows the results of the indirect cost analysis of the interconsultation. The cost of travel was lower in the e-consultation model, both in the first consultation (EUR 4.50 vs. EUR 19.37, in assets, and EUR 7.03 vs. EUR 23.05, in retired people) and in the successive (EUR 4.69 vs. EUR 11.09, in assets, and EUR 6.14 vs. EUR 11.32, in retirees). Similarly, the costs associated with the time allocated by the patient to attend consultations were lower for the e-consultation model, both in the first consultation (EUR 10.68 vs. EUR 43, in assets, and EUR 1.68 vs. 5, EUR 20, in retirees) as in the successive ones (EUR 9.67 vs. EUR 20, in assets, and EUR 1.24 vs. EUR 2.07).



In the same way, the costs associated with pollution by CO2 emissions as a consequence of transport, (EUR 0.302 in assets and retirees vs. EUR 7.85 in assets and EUR 9.34 in retirees for first consultations and EUR 4.43 in assets and EUR 4.59 in retirees for subsequent consultations). With a total saving for the number of patients contemplated in this study, by reducing the levels of CO2 contamination of EUR 102,638.56 (Table 5).



Finally, the costs associated with death were lower for the e-consultation model in the active population (EUR 109,490.61 vs. EUR 171,640.19) but not in the retired population (EUR 21,968.74 vs. EUR 10,404.63) (Table 6).



The final balance of the costs associated with both models averaged per patient shows us that the costs are lower in the e-consultation model, even in deaths globally, Figure 1. The total cost per patient, without taking into account deaths, shows a 59.6% decrease in e-consultation with respect to the previous classical model; if the indirect social costs due to the death of the patient are taken into account, this saving percentage drops to 25.6%.



Table 7 shows the results of the Cobb–Douglas function for the four models (A, B, C, and D). In the first model, the constant absorbs the value of the teleconsultation costs, except the cost of time of the same as they are constant variables. In this model, the variables with the highest level of explanation of the total cost are deaths (with and without IPREM). The cost of contamination for the first face-to-face consultation is not significant. With respect to the second model, the variable that explains the total cost to a greater extent is the cost of pollution associated with the trip for the first face-to-face consultation, followed by the cost of pollution associated with the trip for subsequent consultations, although this has a negative and significant sign, in addition to the cost of time for subsequent consultations and the cost of travel for the Teleconsultation.



For the third model, the main explanatory variables of the total cost are the cost of successive consultations, the cost of contamination of the trips associated with both the Teleconsultation and the first and subsequent consultations, and the cost associated with Exitus. The fourth model presents as variables with the greatest impact on the total cost, the cost of the first consultation, and the cost of pollution associated with the trips of subsequent consultations.



Based on the results of the Durbin Watson test, there are no autocorrelation problems for any of the models. Likewise, the hypothesis of the non-existence of collinearity is accepted.



Regarding the existence or not of Economies of Scale (EE), economies of scale are observed in models 1 (0.413), 3 (0.601), and 4 (0.521), and diseconomies of scale are observed in model 2 (2.344).




4. Discussion


The results observed in the present analysis confirm that the introduction of an electronic consultation as a first assessment, prior to the single-act consultation, of patients referred from PC to a CS is useful in reducing the social and healthcare costs associated with face-to-face care in a CS. This reduction is obtained in the three cost levels analyzed: healthcare, time, and patient travel and in those linked to health consequences, such as admissions and deaths.



To our knowledge, this is the first time that an analysis of the social and healthcare costs associated with the implementation of a management model for ambulatory care for referrals to a CS has been carried out that incorporates a telematic consultation (e-consultation). We believe that our results may have implications for the implementation of outpatient care management programs as the introduction of e-consultation is associated with improvements in health outcomes [14] and a reduction in healthcare costs.



In the present study, the difference between the cost of the e-consultation and that of the face-to-face consultation, both understood as the cost of the medical consultation act (which includes the amortization of technological equipment, as well as the cost of human resources and the allocation of general costs) is 48.9% lower in e-consultation. If the costs of hospitalization admissions are incorporated into the study, the difference in cost is 61.9% lower for e-consultation per working-age patient and 59.3% per retired patient. If the cost associated with the loss of productivity due to mortality is considered, the savings for an average patient from the e-consultation with respect to the face-to-face consultation are 59.6% for patients of working age and 25% and 6% for retirees.



Compared with the results of the present study, Mold et al. [32] in a systematic review show that several studies have found specific advantages when using electronic consultations that include time and cost savings, including lost wages [33]. In particular, a study evaluating joint teleconsultation between general practitioners (GPs), specialists, and patients, found cost savings for patients between EUR 1000.06 and EUR 2700.50 due to the fact that patients avoid traveling to services of urgency, to the clinical visits in the hospital, and to the realization of diagnostic tests; therefore, our results would be in the lower level of the band of the comparative study [34].



For Abbott et al. in their study on specialized care consultations, the cost of the face-to-face consultation was USD 228 per consultation and person versus USD 120 for the e-consultation, which represents a reduction of 47.4%, similar to our study, although they only estimated travel expenses for the face-to-face consultation (USD 112) and no travel expenses for the e-consultation, an aspect that we have included in our work since the patient goes to his Primary Care center to receive the result of the telematic consultation [35].



In a comparison of 4635 virtual visits and a control group of 55,310 face-to-face visits in PC, Gordon et al. found that the total costs per episode were USD 162 more expensive in face-to-face consultations [36]. In addition, the adjusted mean cost of the initial visit was lower for the virtual group (USD 49) than for the face-to-face (USD 109). The authors add that the follow-up medical expenses of the virtual group were similar to or lower than the costs of face-to-face consultations.



It is interesting to note that Mendell et al. carried out a qualitative analysis, without addressing the possible cost savings, in the virtual cardiac rehabilitation consultations and confirmed that they managed to address the same aspects as in the face-to-face consultations regarding issues related to exercise, diet, and positive behavior changes to limit risk factors [37]; López Seguí et al. agree in their study on the implementation of telematic consultations, and they conclude that teleconsultation meets the objective of solving consultations without the need for a face-to-face medical act, saving the differential time between the face-to-face visit and the virtual [38].



Corporate Social Responsibility (CSR) is a new form of business management that goes beyond social actions: It involves an ethic of being and doing linked to transparency in business practices, communication with stakeholders (customers, professionals, citizens), as well as contributing to improving the internal functioning of organizations in aspects related to labor relations, gender equality, reconciliation of personal, family and work life, and occupational risk prevention.



We can understand the hospital as an organization where environmental, economic, and social dimensions are present. From the health point of view, its social role is indisputable, almost exclusive, since it provides complete medical healthcare to the population, and its external services radiate into the family sphere. From the economic perspective, it behaves as a mega-company that offers products and services, possesses physical and human capital, consumes and transforms materials, uses inputs and equipment, and incorporates increasingly complex technology. From an environmental perspective, hospitals interact with the environment through the flow of energy and materials and the generation of waste and emissions.



Hospital activity generates environmental, social and environmental, and social and cultural impacts that, without adequate proper management, create risks to human and environmental health, creating environmental health issues, creating inadequate conditions for personnel in their performance and productivity [39]. Human health interventions could be compromised if health determinants and the determinants of health linked to the ecosystem are not managed [40].



In that sense, the World Health Organization (WHO) is promoting an initiative called Health in the Green Economy, which focuses on reducing the carbon footprint of the health sector. The design of a programmatic framework capable of guiding actions to make hospitals sustainable, and which should aim to support their efforts to promote greater sustainability and environmental health, has been the motivation for the formulation of the Global Green and Healthy Hospitals Agenda and Network, which brings together hospitals from all over the world to exchange projects and experiences among hospitals that are working to improve environmental health. This programmatic framework is intended to be developed in parallel, among others already mentioned, with the Agenda of the Healthy Hospitals Initiative centered in the United States [41].



Over the last 20 years, telemedicine has been incorporated into clinical practice, showing that it can lower healthcare costs, drive up efficiency, and provide patients better access to healthcare services, thus reducing pollution and CO2. The present study evaluates the introduction of telemedicine in the Cardiology Service of a tertiary hospital advancing interesting results and conclusions.



Regarding the existence of savings as a consequence of less air pollution by CO2 due to the reduction of trips to attend face-to-face consultations, for Paquette and Lin, the total reduction in emissions of environmental pollutants from passenger cars, including carbon dioxide, carbon monoxide, nitric oxides, and volatile organic compounds. was 1632 kg, 42.867 g, 3160 g, and 4715 g, respectively, with a total of 194 gallons of gasoline saved, although, unlike our study, it does not incorporate an economic quantification of the cost or savings of reducing the level of air pollution [42].



Similarly, in the work of Vidal-Alaball et al., for a total of 12,322 referrals to telemedicine services in primary care centers, a total of 9034 face-to-face visits were avoided, which represented an average reduction of 3248.3 g of carbon dioxide, 4.05 g of carbon monoxide, 4.86 g of nitric oxide, and 3.2 g of sulfur dioxide, without indicating an economic value for the reduction of contamination as we have established in our study: EUR 12.86 per patient or, for the total of our sample, EUR 102,638.56 euros [43].



As in our study, Webb et al. found that telemedicine reduces the need for patient transport, the average length of stay in hospital and ICU, and the use of invasive therapies in their comparative study of children cared for by telemedicine and the comparison with the control group cared for in hospital [44].



Similarly, a study by Dullet et al. shows evidence of the potential efficiency of reduced travel and waiting time, cost-effectiveness, and positive environmental impact of telemedicine in outpatient consultations, which would support a long-term environmentally sustainable option to reduce the burden on families to receive quality healthcare [45]. In this regard, telemedicine consultations resulted in total air emissions savings of 1969 tons of CO2 for 19,246 consultations on 11,281 patients.



A study by Smith Rodriguez and de Titto revealed that the emission sources of greatest emissions correspond to energy consumption (electricity and natural gas), followed by emissions associated with staff travel [46].



This economic savings from teleconsultations have been observed in other specialties. Thus, Vidal et al. analyzed the economic impact of teledermatology in their Service and observed that this telematic activity represented a saving of practically 50% [47]. Along the same lines, Jones et al. observed that in a telematic urinary incontinence consultation, costs were also reduced by half (GBP 31.75 vs. GBP 72.17), mainly due to the duration of the consultation and associated labor costs [48].



However, not all authors find economically favorable results for the telematic consultation. Edwards et al. analyzed the impact of electronic consultation in PC, and observed that the average cost of an electronic consultation was higher than the face-to-face consultation (GBP 36.28 vs. GBP 33.00), which they attributed mainly to the time required for the family doctor to classify the electronic consultations and the relatively high proportion of these electronic consultations; in addition, the cost was increased to GBP 45.39 if the follow-up consultations were included in the next 30 days [49]. Based on these results, López Seguí concludes that the acceptance of teleconsultation is still very low, and it needs to increase its dissemination if it is to have a real impact on the demand resolved in PC, both in reducing the workload as of costs [50].



Obviously, our work is not without limitations, commented on in the original study [14]. If we focus on this economic sub-analysis, the most important limitations are the lack of knowledge of the real costs in our environment of some concepts, such as the cost of time on the waiting list, which has forced us to assume the published costs for some costs by other authors. In any case, we understand that these limitations do not detract from the validity of our work since the costs have been equally imputed to both comparison groups, so that, in any case, if there were other differences, they would further increase the associated cost reduction to the e-consultation, so our results would be confirmed.




5. Conclusions


In view of the observed results, we can conclude that the introduction of an e-consultation in the outpatient management of patients referred from PC to a CS, helps to reduce direct and indirect costs for the patient and the Health System compared to a classic model of face-to-face consultation for all patients referred from PC. This cost saving is observed regardless of the patient’s employment situation, both in direct costs of the health consultation and the health consequences, such as hospital admissions or death, as well as indirect costs related to the time and travel made by the patient to receive assistance to health centers.



Key points:




	
What is known about the subject?








Outpatient care in Cardiology that aims to improve and integrate care usually focuses on single-act, face-to-face consultations. There are only experiences of telematic consultations in particular cases, such as heart failure or ischemic heart disease. An outpatient care management program that includes an e-consultation prior to the single act has been shown to reduce waiting times and improve health outcomes.



	
What does it bring back?






We present the economic analysis that showed that the model that incorporates e-consultation as an assessment prior to the single act contributes a reduction in the direct and indirect costs involved in outpatient care in both retired patients and those who are of active age. This cost reduction is associated with a reduction in waiting times, a reduction in unnecessary travel, and a reduction in both income and mortality that we already observed in the general analysis of our work.
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Figure 1. Final balance of associated costs to medical care models. 
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Table 1. Unit costs used for analysis.






Table 1. Unit costs used for analysis.





	
Term

	
Costs

	
References






	
e-consultation

	
105.05 EUR

	
[8]




	
Pollution travel e-consultation

	
0.30 EUR

	




	
Travel pollution 1st consultation

	
8.86 EUR

	




	
Pollution travel 2nd consultation

	
4.53 EUR

	




	
First face-to-face consultation

	
175.09 EUR

	
[7]




	
Subsequent consultations

	
58.37 EUR

	
[7]




	
Travel in e-consultation

	
0.74 EUR

	
[9,10]




	
Travel in face-to-face consultation

	
0.19 EUR/Km

	
[9]




	
(21.49 EUR)




	
Travel to hospital for working-age population

	
18,768.21 EUR/year

	
[11,12]




	
(4321.33 EUR)




	
Travel to hospital for working-age population

	
7519.59 EUR/year

	
[13,14]




	
(5.20 EUR)




	
Permanence on waiting lists

	
101.52 EUR/mes

	
[15]




	
Admission to Cardiology hospital service

	
528.96 EUR

	
[7]




	
Premature death among the working population

	
18,768.21 EUR/year

	




	
Premature death among the non-working population

	
7519.59 EUR/year
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Table 2. Differences in unit costs between e-consultation and face-to-face consultation.






Table 2. Differences in unit costs between e-consultation and face-to-face consultation.





	Costs
	e-Consultation
	Face-to-Face





	Consultation
	105.05 EUR
	175.09 EUR



	Travel
	0.74 EUR
	21.86 EUR



	Pollution
	0.30 EUR
	13.16 EUR



	Time
	1.85 EUR
	17.38 EUR



	Total
	107.95 EUR
	227.50 EUR
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Table 3. Cost of care provided in outpatient consultations, hospital admissions and on the waiting list.






Table 3. Cost of care provided in outpatient consultations, hospital admissions and on the waiting list.





	

	
e-Consultation

	
1st Face-to-Face Consultation

	
2nd Face-to-Face Consultation

	
Waiting List

	
Admission Cardiology Hospital Service






	
e-consultation

	
working-age population

	
Total

	
672,450.65 EUR

	
925,875.92 EUR

	
329,557.02 EUR

	
0 EUR

	
438,367.31 EUR




	
Media

	
111.52 EUR

	
153.54 EUR

	
54.65 EUR

	
0 EUR

	
72.70 EUR




	
working-age population

	
Total

	
891,383.19 EUR

	
1,838,445.00 EUR

	
517,625.16 EUR

	
0 EUR

	
3,699,820.12 EUR




	
Media

	
110.98 EUR

	
228.89 EUR

	
64.45 EUR

	
0 EUR

	
460.63 EUR




	
Single Act

	
working-age population

	
Total

	

	
1,499,470.76 EUR

	
260,680.42 EUR

	
393,545.85 EUR

	
476,943.64 EUR




	
Media

	

	
600.03 EUR

	
104.31 EUR

	
157.48 EUR

	
190.85 EUR




	
working-age population

	
Total

	

	
3,587,243.92 EUR

	
530,875.15 EUR

	
827,406.93 EUR

	
5,940,753.82 EUR




	
Media

	

	
682.76 EUR

	
101.04 EUR

	
157.48 EUR

	
1,130.71 EUR
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Table 4. Travel costs and time spent to visit the clinic (Primary Care or Hospital Care).
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Travel e-Consultation

	
Travel 1st Consultation

	
Travel 2nd Consultation

	
Timing e-Consultation

	
Timing 1st Consultation

	
Timing 2nd Consultation






	
e-consultation

	
working-age population

	
Total

	
4767.46 EUR

	
27,122.39 EUR

	
28,252.09 EUR

	
22,701.29 EUR

	
64,414.60 EUR

	
58,337.63 EUR




	
Average

	
0.79 EUR

	
4.50 EUR

	
4.69 EUR

	
3.76 EUR

	
10.68 EUR

	
9.67 EUR




	
working-age population

	
Total

	
6319.63 EUR

	
56,430.00 EUR

	
49,341.48 EUR

	
2966.26 EUR

	
13,504.32 EUR

	
9919.85 EUR




	
Average

	
0.79 EUR

	
7.03 EUR

	
6.14 EUR

	
0.37 EUR

	
1.68 EUR

	
1.24 EUR




	
Single Act

	
working-age population

	
Total

	

	
48,412.17 EUR

	
27,719.10 EUR

	

	
107,462.81 EUR

	
49,628.00 EUR




	
Average

	

	
19.37 EUR

	
11.09 EUR

	

	
43.00 EUR

	
20.00 EUR




	
working-age population

	
Total

	

	
121,112.88 EUR

	
59,473.21 EUR

	

	
27,325.08 EUR

	
10,892.05 EUR




	
Average

	

	
23.05 EUR

	
11.32 EUR

	

	
5.20 EUR

	
2.07 EUR
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Table 5. Pollution cost per trip.
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e-Consultation

	
1st Face-to-Face Consultation

	
2nd Face-to-Face Consultation






	
e-consultation

	
working-age population

	
Total

	
588 EUR

	

	




	
Average

	
0.302 EUR

	

	




	
working-age population

	
Total

	
668 EUR

	

	




	
Average

	
0.302 EUR

	

	




	
Single Act

	
working-age population

	
Total

	

	
19,625.66 EUR

	
11,061.68 EUR




	
Average

	

	
7.85 EUR

	
4.43 EUR




	
working-age population

	
Total

	

	
49,097.57 EUR

	
24,109.66 EUR




	
Average

	

	
9.34 EUR

	
4.59 EUR
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Table 6. Costs associated with the death of patients.
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e-consultation

	
working-age population

	
Total

	
660,228,351.39 EUR




	
Average

	
109,490.61 EUR




	
working-age population

	
Total

	
176,452,894.24 EUR




	
Average

	
21,968.74 EUR




	
Single Act

	
working-age population

	
Total

	
428,928,840.00 EUR




	
Average

	
171,640.19 EUR




	
working-age population

	
Total

	
54,665,945.50 EUR




	
Average

	
10,404.63 EUR
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Table 7. Cobb–Douglas cost function analysis type of patient.
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	A
	B
	C
	D





	Constant
	10.032 (0.000)
	9.644 (0.000)
	4.147 (0.000)
	8.696 (0.000)



	E-consultation Travel Cost
	-
	0.798 (0.000)
	-
	-



	E-consultation Time Cost
	−0.030 (0.000)
	−0.390 (0.007)
	−1.011 (0.000)
	-



	Pollution Cost E-consultation
	-
	0.937 0.217)
	0.791 (0.000)
	-



	Cost E-consultation
	-
	-
	-
	-



	Travel Cost 1st Outpatient Consultation
	-
	-
	-
	-



	Cost Time 1st Outpatient Consultation
	-
	−0.420 (0.093)
	−0.434 (0.000)
	-



	Cost of contamination 1st Outpatient Consultation
	0.001 (0.853)
	1.157 (0.039)
	0.106 (0.000)
	-



	Cost 1st Outpatient Consultation
	-
	-
	0.284 (0.000)
	0.203 (0.000)



	Travel Cost 2nd Outpatient Consultation
	-
	-
	-
	−0.133 (0.031)



	Cost Time 2nd Outpatient Consultation
	-
	0.852 (0.081)
	−3.572 (0.000)
	−0.102 (0.000)



	Cost of Contamination 2nd Outpatient Consultation
	-
	−1.251 (0.045)
	0.798 (0.000)
	0.156 (0.011)



	Cost 2nd Outpatient Consultation
	-
	0.360 (0.017)
	2.886 (0.000)
	0.139 (0.000)



	Cost LE
	-
	-
	-
	-



	Cardiology Admission Cost
	0.074 (0.000)
	0.037 (0.000)
	0.049 (0.000)
	0.030 (0.000)



	Exitus Cost
	0.201 (0.000)
	0.148 (0.000)
	0.104 (0.000)
	0.118 (0.000)



	IPREM Exitus Cost
	0.107 (0.000)
	0.116 (0.000)
	0.609 (0.000)
	0.110 (0.000)



	F
	0.000
	0.000
	0.000
	0.000



	R
	0.912
	0.942
	0.890
	0.912



	DW
	1.982
	1.735
	1.583
	1.682
















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  sustainability-13-12436


  
    		
      sustainability-13-12436
    


  




  





media/file0.png





media/file2.png
Total sample
N=41,405

/\

Single Act
Model
(2010-2012)

E-consultation
model
(2013-2019)

N=29,223
(70.6%)

¥

Resolution without
face-to-face
consultation

N=12,182
(29.4%)

N=6,240
(15.1%)

1 face-to-
face
consultation

N=8,906
(21.5%)

>2 face-to-
face
consultations

N=14,077
(34.0%)






media/file1.jpg
Single Act
Model
(2010-2012)

Total sample
N=41,405

N=12,182
(29.4%)

E-consultation

model
(2013-2019)

229,223
(70.6%)

]

Resolution without
face-to-face
consultation

|

1face-to-
face
consultation

22 faceto-
face
consultations

e

N=6,240
(15.1%)

I

N=8,906
(21.5%)

,077
(34.0%)






