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Abstract: COVID-19 is a well-known respiratory disease spreading worldwide since January 2020, 
causing many deaths and massive pressure on health systems. This pandemic’s appearance com-
promised the health services’ sustainability and quality as many procedures were postponed or 
even canceled out, with an expected increase of adverse events like nosocomial infections, in-hospi-
tal deaths, and the worsening of the patients’ clinical status. Therefore, assessing whether the 
healthcare providers’ performance has changed is paramount. In this case, we evaluated the public 
hospitals in Portugal as the leading secondary health care providers in the country, which in turn 
has been highly affected by the pandemic. To this end, we developed a network Data Envelopment 
Analysis model serially relating efficiency and effectiveness. Using 2,795 observations from public 
hospitals and 18 variables, we observed consistent drops in efficiency when the pandemic started, 
followed by a recovery to levels above the pre-pandemic ones. Regarding effectiveness, we observed 
a positive trend during the evaluated period. In short, these results allow us to conclude that, apart 
from the great resilience of public healthcare providers, the Portuguese State was not prepared for 
a pandemic like COVID-19, but still the actions taken (including massive vaccination) were benefi-
cial. 

Keywords: Public hospitals; Performance; Efficiency; Quality; COVID19; Network-based Data En-
velopment Analysis 
 

1. Introduction 
Over their lifetime, healthcare systems worldwide have faced many challenges. One 

of the most relevant ones is their sustainability, which relates to the increase of health care 
costs, marked on the one hand by inflation, innovation, and scarcity of raw materials, and 
on the other hand by the aging of the population, the increase of chronic diseases preva-
lence as well as the difficulty in finding health professionals in the market in most areas 
of medicine [1].  

To exacerbate this worrying scenario, a pneumonia of unknown etiology appeared 
unexpectedly in Wuhan (Hubei, China) at the end of December 2019. This new pneumonia 
was followed by complications like severe acute respiratory syndrome and respiratory 
failure, among others [2-4]. It has been coined Coronavirus Disease 2019 (COVID-19) by 
the World Health Organization (WHO) and is caused by the Severe Acute Respiratory 
Syndrome Coronavirus-2 (SARS-CoV-2) [3, 5]. In this follow-up, the transmission of the 
disease between humans was soon verified and on January 23 of that year, the WHO de-
clared that the outbreak of COVID-19 would be a Public Health emergency, with interna-
tional contours. The same organization classified this transmission as a pandemic on 
March 11, 2020 [5]. 

As happens with most pandemics, the SARS-CoV-2 virus widespread rapidly and 
created new problems and constraints for health systems. No country was prepared for 
such a rapid spread and with such harmful effects on human health. Consequently, both 
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national and local authorities had to promptly react at all levels to contain the virus spread 
and prevent the health systems collapse [6, 7]. These were forced to develop organiza-
tional management mechanisms to respond to new health needs [8]. 

Among the various levels of response recognized by the WHO, hospital health care 
stood out to receive and care for the most seriously ill patients and thus avoid a greater 
number of deaths. According with Ghosh & Qadeer [9], about 20% of COVID-19 cases 
reported in the year 2020 (before the existence of any vaccine) required hospital care, while 
about 5% needed ventilatory support in intensive care unit. For this reason, many hospital 
units have exceeded their normal capacity, closing other non-priority services to focus all 
attention on COVID-19 patients [10].  

In what concerns the Portuguese case, the virus introduction was verified on March 
2, 2020, in the north of the country, originating from two cases from Spain and Italy. By 
such time, the virus was nothing new, being overlooked by health authorities, when it 
was already proliferating in other countries, namely China. For this reason, there was no 
prior planning or official alert to the population, leading to an increase of cases in the most 
densely populated metropolitan areas, totalling 7.6 cases per million inhabitant, two 
weeks after the alert [5, 11].  

In general, as in most European countries, Portugal’s policymakers chose to manage 
transmission chains, in contrast to countries like Brazil and the United States, which ig-
nored these chains, and New Zealand, Thailand, Iceland and some parts of China, which 
opted for eradication [12]. In this sense, national measures were taken in Portugal, such 
as successive declarations of a state of emergency to prevent the virus spread. However, 
the truth is that the number of positive cases has increased, and the virus quickly spread 
to the entire national territory. 

In terms of health management, the pandemic generated pressure on the health ser-
vices and measures were taken to alleviate this, such as the postponement or suspension 
of non-covid clinical activity [2]. The objectives would be to contain the evolution of new 
contagions and ensure greater capacity of health units to treat patients with COVID-19. 
Even so, in the third wave, the National Health Service (NHS) practically reached its limit 
with 6,829 hospitalized in wards (February 1, 2021) and 904 in intensive care units (Feb-
ruary 5, 2021) [13]. At that time, European support was sent by countries such as Ger-
many, France, and Luxembourg, through teams of health professionals sent to help Por-
tuguese hospital units and their staff. 

However, little is known about the efficiency and effectiveness of Portuguese public 
hospitals since the COVID-19 pandemic has started, nor if they improved or worsened 
their performance compared to the pre-pandemic period. Indeed, we could not find pre-
viously published performance studies of this level carried out in this period in health 
systems identical to the Portuguese NHS, which is publicly funded, public and universal 
(for anyone), general (for all needs), and tendentially free. On the one hand, there may be 
suspicions about the decrease in efficiency, given the reduction in the number of cases 
treated in hospital during the pandemic, without a proportional reduction in the resources 
consumed. On the other hand, unless clinical practices appropriate to the situation have 
been adopted, it is likely that the number of situations such as nosocomial infections and 
preventable deaths will have increased. These situations are often the result of environ-
ments featured by burnout staff, poor safety and hygiene conditions, or the adoption of 
inappropriate practices in stressful situations. That is, it is expected that the effectiveness 
of health care has also dropped during the pandemic period. Overall, global performance 
is expected to have worsened from 2020 onwards, compromising the economic, financial, 
and social sustainability of the NHS. Meanwhile, ensuring the implementation of 
knowledge management and organizational culture, while employing management sys-
tems/tools/methods and fulfilling hospital managers' commitments to the well-being of 
employees and society are cornerstones or drivers for the management of sustainability 
in hospitals [46]. 
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The objective of the present study is, therefore, to evaluate the performance of hospi-
tal units of the NHS before and during the pandemic period, considering not only the 
efficiency but also the effectiveness of clinical procedures. For this, 2,795 observations 
from public hospitals were considered (43 public hospitals observed in a broad period). 
Different dimensions were analysed, based on a set of indicators measured by the Portu-
guese health authorities. These indicators reflect not only the volume of hospital activity, 
the expenses incurred by them, but also the health outcomes. These health outcomes re-
flect the reliability/safety for the patient as well as the adequacy of care. 

We found no efficiency/performance studies of this level carried out in this period in 
health systems identical to the Portuguese case, which is public and circumscribed to an 
NHS. However, the following (neutral) hypothesis is proposed for investigation: 

Research hypothesis: there was no change in hospital performance in the pandemic period 
compared to the previous homologous period. 

The non-rejection of this hypothesis in the light of the statistical evidence leads to the 
conclusion that the disease has had no impact on hospital performance and the measures 
to contain it on hospital performance. To this end, an innovative benchmarking model 
was developed based on the concept of network Data Envelopment Analysis (NDEA). 
This model searches for the best practices within the field through the construction of a 
frontier where efficient and effective players are positioned. The model, as based on the 
standard DEA, is nonparametric, meaning that the frontier is constructed using the data 
only, and disregarding often biased assumptions about its shape. In short, it uses linear 
programming with soft constraints and the dataset to construct that frontier and project 
the poor performance hospitals there. The new model integrates the concepts of efficiency 
and effectiveness as if they were two serially connected concepts; see Ferreira et al. [14]. 
In a simplified way, the model considers the input of hospital resources, which are con-
sumed to treat patients, regardless of the quality of the service (first stage). The gross vol-
ume of treated patients is then classified into successful procedures, or desirable results, 
and into unsuccessful procedures, or undesirable results, this time considering the quality 
or effectiveness of the service (second stage). Thus, the first stage corresponds to efficiency 
while the second stage refers to the effectiveness of the entity under analysis. To date, no 
such model has been used to estimate hospital performance, although some NDEA mod-
els have been developed [15], but without simultaneously incorporating the efficiency and 
quality of the service, and without evaluating the impact of the pandemic on hospitals 
and their performance. 

 

2. The Portuguese National Health Service before and during the COVID-19 pandemic 
The reform of Public Administration in European countries extended to the health 

sector, based mainly on the main values of the New Public Management (NPM) theory 
that involve the State and society [16]. This management perspective had a strong influ-
ence on health reforms, namely in terms of development, the existence of internal markets, 
with the objective of promoting competition and healthy competition between public 
health care units [17].  In this sense, there was a separation between the State as a finan-
cier/service provider and the State as a regulator, promoting the contractualization of the 
service with the providers [18].  

The NPM theory was applied to the health sector as a theoretical support for an in-
terdisciplinary view of the new measures implemented in the sector [19]. In the reforms 
carried out in health, the traditional administrative model was considered as bureaucratic, 
centralized, hierarchical, and impersonal and the social and economic regulation of health 
was promoted, which fits the NPM theory. In line with this model, efficiency gains were 
also sought, with a fight against waste and greater responsibility in the use of resources 
[16, 20].  

The NPM theory implies, in Public Administration, an adaptation of the State to new 
roles and rewards a relationship with private management models. The modernization of 
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the Public Administration is demanded by the citizens, being given by them, a special 
prominence to the health sector [21]. The innovation and application of NPM measures to 
the health sector are focused on the search for efficiency and effectiveness and on the cre-
ation of value [19]. However, the criticism of this transformation involves the public-pri-
vate dichotomy, which is considered the paradigm of current criticism of European health 
systems, due to the fact that most countries have adopted a social insurance model (Ger-
many, Belgium, France) while others (United Kingdom, Portugal, Spain, Greece, Italy) an 
NHS model. In the latter case, the solution to this problem involved the adoption of busi-
ness management models for public services to improve both efficiency and effectiveness 
and/or resorting to public-private partnerships for financing and/or management of 
health units, which implied a greater effort from managers, debureaucratization and de-
centralization of management processes [22].  

The NPM applied to the health sector promoted, as in the public service, a manage-
ment approach centred on the patient/user, on accountability for results, on performance 
levels and on transparency [23]. This way, the health sector was also influenced by this 
theory, reflected in terms of the application of market mechanisms that stimulated com-
petitiveness, the acceptance of new operators, and the logic of contracting out. On the 
other hand, this modernization also promoted a greater opening of the Public Administra-
tion to society and defended the principle of freedom of choice and the involvement of 
the citizens in decisions about their health, demarcating the quality in access and thus 
stimulating the competition, positive differentiation between providers and the active 
participation of society [16]. Based on experiences in the United Kingdom and Scandina-
vian countries, user freedom of choice tends to generate a trend towards higher quality 
services, which leads to greater internal competition between them to attract users [24]. 
Ellis [25] also mentions that the phenomena that generate internal competition between 
public hospitals are allied to higher quality issues, which highlights the advantage of car-
rying out evaluation studies. 

This process of transformation that took place in the Traditional Public Administra-
tion, in the search for greater efficiency and performance for the public sector, was the 
basis of health reforms and as such founded the process of corporatization of hospital 
units. The first effective steps in applying the NPM to hospital management were taken 
with the corporatization of the units. Additionally, hospitals have been merged into hos-
pital centres and the creation of local health units, with the aim of rationalizing resources, 
avoiding duplication of services. The objectives would be to increase efficiency, promot-
ing a concern with cost control, while maintaining or raising standard levels of quality. 

Based on these principles, the most recent reform of the hospital management law 
took effect in 2017, so it is one of the time periods to be considered when evaluating the 
performance/efficiency of hospital units. Another factor that may have affected their per-
formance was registered in the first quarter of 2020 with the COVID-19 pandemic, which 
caught health systems off guard. Measures to restrict the movement of citizens were fun-
damental to prepare the units of health and define action plans. However, in the Portu-
guese case, the preparation of hospital units for the pandemic was largely at the expense 
of reducing or suspending the scheduled activity and other usual activities of health units 
dubbed non-COVID (by ministerial order of 15 March), not only for reasons of space man-
agement and the measures necessary to isolate patients, but also for reasons of allocation 
of resources diverted to the so-called COVID areas. In addition, field hospitals were 
planned, as well as the installation of tents near the hospital emergency services, which 
allowed for a better triage of patients. 

In Portugal, the development of hospital units was oriented towards providing qual-
ity care to users, always taking into account the principles of efficiency of hospital re-
sources, although conditioned by the human resources existing in the hospital units. In 
2019, there were 28,822 physicians (74.0% specialist physicians, 25.5% intern physicians, 
and 0.5% non-specialist physicians), 45,444 nurses (76.6% general care nurses and 23.4% 
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specialist nurses), 10,090 technicians and therapeutics, and 6,407 senior health technicians 
and other senior technicians [26]. 

In the first two months of the pandemic, the Court of Auditors carried out a compar-
ative analysis of hospital health care production in Portugal, by comparing the results in 
March and April 2020 with the homologous period in 2019. The results were as follows: i) 
at the primary health care level, a reduction of 15% (-1,156,689) in the total of medical 
appointments carried out and a drop of 13% (-77,330) in the administration of vaccines the 
national health plan; ii) at the secondary health care level (public hospitals), a reduction 
of 28% (-882,333) in the total number of medical appointments, of which a total of 364,535 
first appointments (not properly compensated by the telemedicine which registered an 
average of 4,000 monthly contacts); and iii) a reduction of 44% in non-Covid urgent care 
episodes (-683,289) [27].  

Bearing in mind this scenario, it is also necessary to consider that, in addition to the 
postponement or suspension of planned clinical activities, the reduction in demand from 
patients also contributed to these results. By order of the Minister of Health (Order No. 
5314/2020, of 2 May) a recovery plan for the assistance activity was defined, based on 
seven measures: i) Recourse to non-face-to-face means, using telemedicine mechanisms, 
namely teletracking, teleconsultation, telemonitoring and teleconsulting programmes, ex-
cept when this was not clinically appropriate or technically possible; ii) Different opening 
hours, including on weekends; iii) Scheduling by appointment, ensuring that users remain 
in the health services only for the strictly necessary period; iv) Travel to the user's home, 
or equivalent, in clinical situations where this proves to be appropriate; v) Referral of 
emergency episodes sorted with white, blue or green colour in hospital emergency ser-
vices to another type of health care, namely, primary health care and other programmed 
hospital responses; vi) Promotion of hospital consultation activities, in a decentralized 
manner in primary health care or through teleconsultation; and vii) Implementation of 
complementary means of diagnosis and therapy in primary health care, in cases where 
such availability existed. 

Although the gradual resumption of non-COVID-19 activity was determined as of 
May 2020, these measures did not have the desired effects by the Ministry of Health. The 
“Saúde em Dia” movement, led by the “Ordem dos Médicos” and the Portuguese Association 
of Hospital Administrators (APAH), reveals that throughout 2020, compared to 2019: 

i) 11.4 million fewer face-to-face consultations in primary health care (-38%); 
ii) 3.6 million fewer face-to-face nursing contacts (-18%); 
iii) 3.4 million fewer assistances in hospitals (-11% of consultations, -18% of surgeries 

and -31% of emergencies); 
iv) 25 million fewer diagnostic and therapeutic acts, of which 12.5 million were in 

rehabilitation sessions and 434 thousand fewer cancer screenings, of which 169 thousand 
were for breast cancer, 140 thousand for cervical cancer and 125 thousand colon and rectal 
cancer [28]. 

Given the above, after the implementation plan for these measures has passed with-
out knowledge of their implementation, in a context of less pressure on the installed ca-
pacity of the NHS, the challenge remains to seek and plan new solutions to minimize the 
effects on citizens' health. For this reason, an assessment of the performance of hospital 
units with a broader spectrum and including a set of more robust indicators is fundamental 
for this analysis. 

 

3. Methods: A network-based benchmarking model for hospital performance assess-
ment 

This study evaluates the evolution of Portuguese public hospitals’ performance, 
mainly trying to unveil whether there were substantial differences before and during the 
COVID-19 pandemic. We do not conduct an after-pandemic analysis because neither the 
virus was eradicated nor the pandemic was considered an endemic in Portugal by the 
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time we wrote this article (September 2022). Before evaluating the performance evolution, 
one must clearly state the model and variables used for that end. These materials should 
be capable of thoroughly describing the operations and the value chain of a public hospital 
in Portugal (the decision unit) and, simultaneously, what performance stands for. 

Although the concept of performance could be difficult to define, given its comprehen-
siveness, we may simplify it using two distinct but interrelated concepts: efficiency and 
effectiveness. One can define efficiency (or technical efficiency) as doing things right without 
wasting resources; mathematically, it is the relation between: (1) what was spent and what 
should have been spent; or (2) what was produced and what should have been produced. 
In some cases, one may wish to contemplate both scenarios, allowing for the reduction of 
spent resources and increased produced goods or services simultaneously. In opposition, 
effectiveness is to do the right things, which in hospital administration and management 
constitutes a premise for patient safety and the prompt accomplishment of evidence-
based medical guidelines for the appropriateness of care. Healthcare providers’ main goal 
is naturally improving patients’ quality of life, so if any of these dimensions (safety, care 
appropriateness, and timeliness) is compromised, the patient life is at risk. Therefore, a 
good performer does right the right things, thus ensuring each patient is wholly treated fol-
lowing technical, ethical, and moral standards [47], but without compromising its eco-
nomic sustainability.  

Bearing these definitions in mind, we can formulate a serial model in which efficiency 
is the first stage and effectiveness is the second stage of hospital care; see Figure 1. The 
first stage’s output(s) acts as the input(s) of the second stage. Efficiency measures the de-
gree of number of care procedures and patients seen (outputs) for the resources consumed 
(number of medical doctors, nurses, and beds, to name a few), regardless of the quality of 
care. Meanwhile, effectiveness measures the rate of success or adverse events given the 
(gross) quantity of outputs. We divide the potential outcomes (results) in hospital care 
into desirable (successfully treated patients, without preventable adverse events) and un-
desirable (preventable adverse events like avoidable deaths in low-severity cases). Natu-
rally, desirable outcomes should be maximized, while one must minimize the undesirable 
ones. 

 

 
Figure 1. Serial model for hospital performance assessment. 
 
Let 𝑥𝑥𝑖𝑖

𝑗𝑗, 𝑖𝑖 = 1, … ,𝑚𝑚,  the ith input (resource) used to produce the outputs, 𝑦𝑦𝑟𝑟
𝑗𝑗 , 𝑟𝑟 =

1, … , 𝑠𝑠, in the first stage of hospital 𝑗𝑗 = 1, … , 𝐽𝐽. Also, let 𝑑𝑑𝑝𝑝
𝑗𝑗 , 𝑝𝑝 = 1, … , 𝑞𝑞, and 𝑢𝑢𝑡𝑡

𝑗𝑗 , 𝑡𝑡 = 1, … , 𝑣𝑣, 
denote the desirable and undesirable outcomes produced in the second stage. Since vari-
ables do not contribute equally to the hospital performance and their impact differ be-
tween providers, we should assign hospital-specific weights to each dimension: 𝛼𝛼𝑖𝑖

𝑗𝑗 for the 
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inputs, 𝛽𝛽𝑟𝑟
𝑗𝑗 for the outputs, 𝛾𝛾𝑝𝑝

𝑗𝑗 for the desirable outcomes, and 𝛿𝛿𝑡𝑡
𝑗𝑗 for the undesirable out-

comes (t stands for the hospital identification). Except for undesirable results, all weights 
must be strictly positive. Modeling undesirable outcomes in performance assessment 
could use the widely used concept of weak disposability. However, it demands that it is 
impossible to erase this type of product from the production process. This assumption is, 
however, not compatible with the hospital care process, as it is theoretically possible to 
prevent all avoidable adverse events. Therefore, instead of using the weak disposability 
theory, we simply model undesirable outcomes through strictly negative weights 𝛿𝛿𝑡𝑡

𝑗𝑗 , 𝑡𝑡 =
1, … , 𝑣𝑣. This way, it is being imposed that these dimensions contribute negatively to the 
hospital’s performance. The objective then is to optimize weights so that it is impossible 
to find any other set of weights for which the performance is larger. 

If the hospital k was modeled like a black box receiving inputs and delivering outputs, 
its efficiency would be simply given by the ratio ∑ 𝛽𝛽𝑟𝑟𝑘𝑘𝑦𝑦𝑟𝑟𝑘𝑘𝑠𝑠

𝑟𝑟=1 ∑ 𝛼𝛼𝑖𝑖𝑘𝑘𝑥𝑥𝑖𝑖𝑘𝑘𝑚𝑚
𝑖𝑖=1⁄ . Having this in 

mind, we can straightforwardly define equations of efficiency, 𝐸𝐸𝑘𝑘
(1), effectiveness, 𝐸𝐸𝑘𝑘

(2), 
and performance, 𝑃𝑃𝑘𝑘, scores of hospital k as functions of variables and their weights (the 
unknowns to be optimized):  

𝐸𝐸𝑘𝑘
(1) = �𝛽𝛽𝑟𝑟𝑘𝑘𝑦𝑦𝑟𝑟𝑘𝑘

𝑠𝑠

𝑟𝑟=1

�𝛼𝛼𝑖𝑖𝑘𝑘𝑥𝑥𝑖𝑖𝑘𝑘
𝑚𝑚

𝑖𝑖=1

� , (1.1) 

𝐸𝐸𝑘𝑘
(2) = ��𝛾𝛾𝑝𝑝𝑘𝑘𝑑𝑑𝑝𝑝𝑘𝑘

𝑞𝑞

𝑝𝑝=1

+ �𝛿𝛿𝑡𝑡𝑘𝑘𝑢𝑢𝑡𝑡𝑘𝑘
𝑣𝑣

𝑡𝑡=1

� �𝛽𝛽𝑟𝑟𝑘𝑘𝑦𝑦𝑟𝑟𝑘𝑘
𝑠𝑠

𝑟𝑟=1

� = ��𝛾𝛾𝑝𝑝𝑘𝑘𝑑𝑑𝑝𝑝𝑘𝑘
𝑞𝑞

𝑝𝑝=1

−��𝛿𝛿𝑡𝑡𝑘𝑘�𝑢𝑢𝑡𝑡𝑘𝑘
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𝑡𝑡=1

� �𝛽𝛽𝑟𝑟𝑘𝑘𝑦𝑦𝑟𝑟𝑘𝑘
𝑠𝑠

𝑟𝑟=1

� , (1.2) 

𝑃𝑃𝑘𝑘 = ��𝛾𝛾𝑝𝑝𝑘𝑘𝑑𝑑𝑝𝑝𝑘𝑘
𝑞𝑞

𝑝𝑝=1

−��𝛿𝛿𝑡𝑡𝑘𝑘�𝑢𝑢𝑡𝑡𝑘𝑘
𝑣𝑣

𝑡𝑡=1

� �𝛼𝛼𝑖𝑖𝑘𝑘𝑥𝑥𝑖𝑖𝑘𝑘
𝑚𝑚

𝑖𝑖=1

� = 𝐸𝐸𝑘𝑘
(1) ⋅ 𝐸𝐸𝑘𝑘

(2). (1.3) 

 
It is interesting to note that, according to our model, performance results from the 

contribution of both efficiency and effectiveness. Imposing those scores expressed in Eqs. 
(1.1-1.3) within the range 0 (worst level) – 1 (best level), it leads us to the following inequa-
tions: 

�𝛽𝛽𝑟𝑟
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𝑗𝑗
𝑠𝑠
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𝑚𝑚

𝑖𝑖=1

≤ 0 ∩ −�𝛽𝛽𝑟𝑟
𝑗𝑗𝑦𝑦𝑟𝑟

𝑗𝑗
𝑠𝑠
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≤ 0, 𝑗𝑗 = 1, … , 𝐽𝐽, (2.1) 
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𝑡𝑡=1

−�𝛽𝛽𝑟𝑟
𝑗𝑗𝑦𝑦𝑟𝑟

𝑗𝑗
𝑠𝑠

𝑟𝑟=1

≤ 0 ∩��𝛿𝛿𝑡𝑡
𝑗𝑗�𝑢𝑢𝑡𝑡

𝑗𝑗
𝑣𝑣

𝑡𝑡=1

−�𝛾𝛾𝑝𝑝
𝑗𝑗𝑑𝑑𝑝𝑝

𝑗𝑗
𝑞𝑞

𝑝𝑝=1

≤ 0, 𝑗𝑗 = 1, … , 𝐽𝐽, (2.2) 

�𝛾𝛾𝑝𝑝
𝑗𝑗𝑑𝑑𝑝𝑝

𝑗𝑗
𝑞𝑞

𝑝𝑝=1

−��𝛿𝛿𝑡𝑡
𝑗𝑗�𝑢𝑢𝑡𝑡

𝑗𝑗
𝑣𝑣

𝑡𝑡=1

−�𝛼𝛼𝑖𝑖
𝑗𝑗𝑥𝑥𝑖𝑖

𝑗𝑗
𝑚𝑚

𝑖𝑖=1

≤ 0 ∩��𝛿𝛿𝑡𝑡
𝑗𝑗�𝑢𝑢𝑡𝑡

𝑗𝑗
𝑣𝑣

𝑡𝑡=1

−�𝛾𝛾𝑝𝑝
𝑗𝑗𝑑𝑑𝑝𝑝

𝑗𝑗
𝑞𝑞

𝑝𝑝=1

≤ 0, 𝑗𝑗 = 1, … , 𝐽𝐽. (2.3) 

 
Naturally, Eq. (2.3) holds if both Eqs. (2.1) and (2.2) also hold so the former is unnec-

essary. Likewise, since 𝑦𝑦𝑟𝑟
𝑗𝑗 and 𝛽𝛽𝑟𝑟

𝑗𝑗 are non-negative for any r and j, the second inequity of 
Eq. (2.1) is also unnecessary. 

For the sake of the sustainability of the Portuguese NHS, we must ensure that re-
sources are not wasted. From such an economic standpoint, to be a benchmark, the hos-
pital must be efficient in resource usage, reducing them whenever necessary, while hold-
ing the produced outputs and results. Mathematically, it corresponds to imposing an ad-
ditional constraint on the ones above: 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 14 October 2022                   doi:10.20944/preprints202210.0201.v1

https://doi.org/10.20944/preprints202210.0201.v1


 8 of 23 
 

�𝛼𝛼𝑖𝑖𝑘𝑘𝑥𝑥𝑖𝑖𝑘𝑘
𝑚𝑚

𝑖𝑖=1

= 1, (3) 

 
where k stands for the hospital of which we are computing the efficiency and effectiveness. 
Finally, under this premise, we can straightforwardly define the objective function of this 
problem: 

max�𝛾𝛾𝑝𝑝𝑘𝑘𝑑𝑑𝑝𝑝𝑘𝑘
𝑞𝑞

𝑝𝑝=1

+ �𝛿𝛿𝑡𝑡𝑘𝑘𝑢𝑢𝑡𝑡𝑘𝑘
𝑣𝑣

𝑡𝑡=1

, (4) 

 
for which we know that 𝛿𝛿𝑡𝑡

𝑗𝑗 < 0 for any j and t. 
This way, we can formulate the following linear programming model that allows us 

to estimate both efficiency and effectiveness (and, by extension, the hospital performance), 
where 𝜀𝜀 is a minimal positive quantity: 

 

max�𝛾𝛾𝑝𝑝𝑘𝑘𝑑𝑑𝑝𝑝𝑘𝑘
𝑞𝑞

𝑝𝑝=1

+ �𝛿𝛿𝑡𝑡𝑘𝑘𝑢𝑢𝑡𝑡𝑘𝑘
𝑣𝑣

𝑡𝑡=1

 

subject to: 

�𝛼𝛼𝑖𝑖𝑘𝑘𝑥𝑥𝑖𝑖𝑘𝑘
𝑚𝑚

𝑖𝑖=1

= 1, 

�𝛽𝛽𝑟𝑟
𝑗𝑗𝑦𝑦𝑟𝑟

𝑗𝑗
𝑠𝑠

𝑟𝑟=1

−�𝛼𝛼𝑖𝑖
𝑗𝑗𝑥𝑥𝑖𝑖

𝑗𝑗
𝑚𝑚

𝑖𝑖=1

≤ 0, 𝑗𝑗 = 1, … , 𝐽𝐽, 

�𝛾𝛾𝑝𝑝
𝑗𝑗𝑑𝑑𝑝𝑝

𝑗𝑗
𝑞𝑞

𝑝𝑝=1

−��𝛿𝛿𝑡𝑡
𝑗𝑗�𝑢𝑢𝑡𝑡

𝑗𝑗
𝑣𝑣

𝑡𝑡=1

−�𝛽𝛽𝑟𝑟
𝑗𝑗𝑦𝑦𝑟𝑟

𝑗𝑗
𝑠𝑠

𝑟𝑟=1

≤ 0, 𝑗𝑗 = 1, … , 𝐽𝐽, 

��𝛿𝛿𝑡𝑡
𝑗𝑗�𝑢𝑢𝑡𝑡

𝑗𝑗
𝑣𝑣

𝑡𝑡=1

−�𝛾𝛾𝑝𝑝
𝑗𝑗𝑑𝑑𝑝𝑝

𝑗𝑗
𝑞𝑞

𝑝𝑝=1

≤ 0, 𝑗𝑗 = 1, … , 𝐽𝐽, 

𝛼𝛼𝑖𝑖
𝑗𝑗,𝛽𝛽𝑟𝑟

𝑗𝑗 , 𝛾𝛾𝑝𝑝
𝑗𝑗 ≥ 𝜀𝜀, 𝑖𝑖 = 1, … ,𝑚𝑚, 𝑟𝑟 = 1, … , 𝑠𝑠, 𝑝𝑝 = 1, … , 𝑞𝑞, 𝑗𝑗 = 1, … , 𝐽𝐽, 

𝛿𝛿𝑡𝑡
𝑗𝑗 ≤ −𝜀𝜀, 𝑡𝑡 = 1, … , 𝑣𝑣, 𝑗𝑗 = 1, … , 𝐽𝐽. 

(5) 

 
Once we have run the model in Eq. (5) for each hospital k, we can use Eqs. (1.1-1.3) 

with the optimal values of weights to determine the efficiency, effectiveness, and overall 
performance.  

4. Case study 

4.1. Variables 
Table 1 presents the variables considered in the current study, categorized in their four 

possible groups (inputs, outputs, and (un)desirable outcomes). The selection of these varia-
bles followed three main criteria: availability of data, importance to the Ministry of Health, 
and the literature. Data availability is a standard criterion for variable selection; however, it 
is not the only one and is far from being the most relevant. In this case, the Central Admin-
istration of Health Systems monitors the selected variables monthly to control the annual 
contracts between the State and each healthcare provider. This procedure reflects the im-
portance of these variables to the Ministry of Health. Finally, selecting variables should also 
follow the recommendations made by several references. In the present case, and aligned 
with the primary goal of this paper, we are interested in the variables affected mainly by the 
pandemics. Please, see Table 1 for details. 
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Table 1. Variables considered in the current study. 1 

Variable Description and rationale 
INPUTS  
x1, Hospital days Total number of days spent by all inpatients in the hospital wards. Other authors, like Ferreira & Marques [29], have already considered 

the number of hospital days as an input, although others may disagree (for a survey, please see Kohl et al. [30]). In line with the former, we 
argue that time in the ward is a resource needed to treat inpatients. We should note that beds and hospital wards are rivalrous resources, 
which means that the more time one inpatient stays in bed, the fewer additional patients can be admitted. Additionally, more time in the 
hospital ward may encompass other risks like nosocomial infections. 
 

x2, Beds Total beds used in all hospital wards. This variable is a standard input in most studies and can reflect the hospital size and investment in 
other equipment (see, e.g., Rego et al. [31]). 
 

x3, Days before surgery Total number of days all admitted patients stay in the hospital wards waiting for major scheduled surgery. In line with the rationale behind 
the choice of hospital days, efficient hospitals have fewer days before surgery. To our knowledge, this variable was never used before in 
hospital performance assessment. 
 

x4, Doctors working time Total number of hours (ordinary and extraordinary) worked by all medical doctors. 
 

x5, Nurses working time Total number of hours (ordinary and extraordinary) worked by all nurses. 
 

OUTPUTS  
y1, Number of standard pa-
tients 

Total number of patients (both inpatients and outpatients) seen in the hospital, adjusted for their complexity and severity to become equiv-
alent (standard). This variable can be seen as an aggregated hospital activity and production measure. It makes the comparison between 
hospitals under different conditions fairer as it is done on a common (national) basis. 

  
DESIRABLE OUTCOMES 

d1, Number of first medical ap-
pointments within the legally 
defined time 

In Portugal, outpatients can only have access to medical appointments in the hospital through the emergency department or by reference 
letters from the family doctor at the primary care level. However, the Portuguese State has defined a maximum legal time such that hospi-
tals must schedule the first medical appointment once the reference letter has been received. That way, the timeliness of services is ex-
pected to improve as patients wait less for an appointment. The closer the number of first medical appointments within the legally defined 
time is to the effective number of first medical appointments, the timelier the hospital is. 
 

d2, Number of registers on the 
surgery waiting list within the 
legally defined time 

As in the case of first medical appointments, there is a maximum legal time for registering and scheduling surgeries (either minor or ma-
jor). 
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d3, Number of hip surgeries in 
the first 48h after fracture 

This variable measures the number of patients over 65 years old with hip surgery in the first 48h after a fracture. This event has long been 
reported as a significant cause of geriatric in-hospital mortality. The American Academy of Orthopedic Surgeons suggests a limit of two 
days for hip surgery to prevent complications like hospital-acquired infections [32]. 
  

d4, Number of inpatients with-
out adverse events  

This variable refers to the total number of patients seen that did not suffer any preventable adverse event during treatment (especially dur-
ing their stay in hospital), including but not limited to septicemia, bloodstream infections, thromboembolisms, bedsores, and death. Alt-
hough we could not assess whether the patients’ quality of life has improved (i.e., the results as for the Donabedian’s model; see Dona-
bedian [33]), this variable can capture whether the care process was well conducted, i.e., care was safe and appropriate, following evidence-
based guidelines. 

  
UNDESIRABLE OUTCOMES 

u1, Number of delayed first 
medical appointments 

This variable results from subtracting the number of timely first appointments (d1) from the total first appointments. Therefore, they meas-
ure the number of first appointments delayed beyond what is legally defined. It constitutes a significant barrier to secondary care because 
the entry can only result from two ways: the emergency room or referral from the primary care level. Scheduled surgeries, for instance, can 
only be performed after the first medical appointment. Therefore, delays in first medical appointments result in downstream delays, wor-
rying should the patient’s condition be severe. In Portugal, the average rate of delayed first medical appointments increased from 26.7% 
(2017, 2018, and 2019) to 36.9% in 2020, i.e., more than 10%. In 2021 and 2022, that average decreased to 23.7%, i.e., 3% smaller than in the 
pre-pandemic period. Still, the meaningful increase between 2019 and 2020 can be explained by the constraints imposed to prevent the 
outbreak, which had perverse effects, bounding the access to those that demanded hospital care. 
 

u2, Number of registers on sur-
gery waiting list beyond the le-
gally defined time 

As in the previous case, delays in registering patients for surgery constitute a barrier to hospital care. In Portugal, the average rate of de-
layed registrations for the surgery waiting list was 26.8% (2017-2019), 34.7% (2020), and 25.9% (2021-2022). The 7.9% increase between 2019 
and 2020 is meaningful and worrying, once more explained by the restrictive policies to limit the virus spread. 
 

u3, Number of readmitted cases 
after 30 days of inpatient dis-
charge 

Readmitting inpatients after discharging them is, in most cases, the result of poor care, e.g., the inpatient was inappropriately discharged or 
was not correctly informed about home care. Generally, the inpatient is in a more severe and complex clinical scenario when readmitted 
than was during the first admission and, for that reason, demands more resources. In Portugal, the average rate of readmissions after 30 
days was 8.19% (2017-2019), 7.43% (2020), and 6.40% (2021-2022). Despite the observed drop in readmission rates, differences are not statis-
tically significant (Kruskal-Wallis test: p=2.3210-81). 

u4, Number of hip surgeries be-
yond 48h after fracture 

As mentioned earlier, two days is the recommended time limit for patient presentation for hip surgery, especially when the patient is 65 
years old or older. Brent et al. [34] observed a 15% reduction in admissions for hip surgery and a decrease in compliance with many sur-
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gery standards following the COVID-19 pandemic in Ireland. In Portugal, the hip surgery rate beyond the appropriate time was, on aver-
age, 54.4% (2017-2019), 53.0% (2020), and 51.1% (2021-2022), without expressive differences. Therefore, it seems that the outbreak did not 
impact this variable in the light of statistical evidence. 
 

u5, Number of avoidable bed-
sore cases 

Pressure ulcers are skin or underlying tissues injuries commonly found in low-mobility patients spending most of their in-hospital time 
laying on their beds. These injuries jeopardize the patient’s safety. Evidence suggests that COVID-19 patients admitted to intensive care 
units are prone to the development of this type of injury in the head, neck, and respiratory system, e.g., because of the use of devices to 
secure endotracheal tubes  [35]. In Portugal, the bedsore rate was, on average, 0.0007 (2017-2019), 0.0010 (2020), and 0.0011 (2021-2022) per 
100,000 inpatients, without expressive differences. As before, we found no evidence suggesting that outbreak impacted this dimension. 
 

u6, Number of avoidable blood-
stream infections 

Bloodstream infections result from bacteremia present in not properly sterilized intravenous catheters, which is a leading cause of in-hospi-
tal mortality [36]. The literature suggests that the COVID-19 pandemic may have led to an increase in the frequency of catheter-related 
bloodstream infections [37], which can be linked to the harsh circumstances in hospital workplace. In Portugal, the average rate of avoida-
ble bloodstream infections raised from 0.01% in 2017-2019 to 0.03% in 2020, which remained unchanged in the period 2021-2022. However, 
these differences are not statistically significant (Kruskal-Walis test: p=1.1310-9), suggesting that the difficult conditions in which hospital 
staff were working during the pandemic may not have conditioned the patients’ safety, having been adopted good medical and nursing 
practices. 
 

u7, Number of avoidable post-
operative pulmonary embo-
lisms 

A pulmonary embolism occurs mostly after a major surgery or a major injury, when a blood clot forms in a deep vein and breaks loose 
traveling through bloodstream to the lungs, resulting in several in-hospital preventable events including lack of oxygen in organs and tis-
sues, and ultimately death [38, 39]. The literature suggests an increase of pulmonary embolism events and thromboembolisms because of 
the systemic coagulation activation and thrombotic complications resulting from COVID-19 infections [40]. In Portugal, the average rates of 
post-operative pulmonary embolisms were 189.4 (2017-2019), 292.3 (2020), and 296.9 (2021-2022) per 100,000 inpatients. 

 
u8, Number of septicemia cases Hospital-acquired infections by bacteria, viruses, or fungi, mostly because of poor materials cleanliness, are called septicemia or nosocom-

ial infections, and seriously compromise the patients’ safety during their stay in the hospital ward. During the COVID-19 this type of infec-
tions may have increased because of ventilator-associated pneumonia and bacteremia [41, 42]. In Portugal, the average rates of post-opera-
tive septicemia cases were 537.0 (2017-2019), 655.6 (2020), and 760.9 (2021-2022) per 100,000 inpatients. These differences are statistically 
significant (Kruskal-Wallis test: p=0.0054), which means that the increase of these infections during the pandemic period was meaningful 
and worrying. 

2 
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4.2. Sample 
Our original sample was composed of 2,795 observations corresponding to the 43 

Portuguese public hospitals that provide secondary care response to the population. 
Nonetheless, we removed 352 entries from the sample due to some critical data missing 
gaps, doubts about the quality of some other data, and the existence of three oncology 
centers in the sample. These entities have different production technology, so they are not 
comparable to general hospitals. Therefore, we ended up with 2,443 observations contain-
ing data of the 18 variables above. 

The final sample comprises information about 37 hospitals. Of them, nine are single-
tons, eight are local health units, resulting from the vertical merging of a hospital and 
primary health centers located in its vicinity, and the remaining are hospital centers, re-
sulting from the horizontal merging of two or more hospitals. Note that the data associ-
ated with the variables are related to the hospital production only (not the primary care 
level), making local health units comparable to the other types of hospitals. 

4.3. Period of analysis 
The 2,443 observations composing our database distribute evenly from January 2017 

to May 2022, i.e., 65 months, of which 38 (58%) correspond to the pre-pandemic period. 
Provided that the pandemic was not over by the last month contained in our dataset, we 
can only make a comparison of hospital performance before and during the COVID-19 
pandemic. 

4.4. Additional methodological concerns 
4.4.1. Adjustment of outputs for complexity and severity and the operational conditions 

An essential aspect of benchmarking is that all entities must be comparable. Even 
assuming that all decision-making units are unique, a certain homogeneous degree should 
exist, allowing us to compare their performance and determine best practices. This aspect 
is even more prominent in hospital performance assessment, given the size and scope of 
activities these entities carry on. A common way of making hospitals comparable is 
through adjusting their production, i.e., the number of patients seen, using the so-called 
Case-Mix Index (CMI). However, such an instrument has been criticized by several re-
searchers (see Ferreira & Marques [43], for a survey), mainly when one performs interna-
tional or time-window analyses. The CMI is computed yearly considering a national base-
line that results from the average costs of all Diagnosis-related groups of patients in that 
year. Thus, if a hospital keeps the same CMI for two or more years, it does not mean that 
the complexity of patients treated there was unchanged. It simply means that such com-
plexity remained nearly steady when compared to the national average. In the same vein, 
two hospitals (each located in different countries) with equal CMIs do not necessarily treat 
similar patients with similar complexity because the baseline used to compute each CMI 
depends on the country. Indeed, Ferreira & Marques [43] concluded that an adjustment 
for the environmental conditions in which hospitals operate or an adjustment by the CMI 
produce similar results, which was an expected result as the patients’ complexity is linked 
to the environmental conditions to which they are subjected. 

For the present case, the CMI is not available for all hospitals in Portugal or all years. 
Additionally, as we should conduct an analysis over time, the CMI does not seem appro-
priate for the reasons above. Besides, the output was already adjusted by the competent 
health administration authorities, turning the production homogeneous. Nonetheless, 
both desirable and undesirable outcomes remain unadjusted for complexity. Indeed, the 
likelihood of the adverse events naturally increases with the patient’s complexity and se-
verity, thus demanding more resources. Of course, hospitals handling more complex pa-
tients should not be penalized because of it. It should be possible to determine an index 
capable of homogenizing healthcare results. Indeed, we may consider the suggestion by 
Herr [44], which corresponds to using the average length of stay (or simply average delay) 
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instead of CMI, under the assumption that the more complex the patients, the more days 
they should stay in the hospital wards. Therefore, considering the entire time lag (January 
2017 to May 2022), we can find the national baseline as the arithmetic mean of all observed 
average delays computed for each hospital in each month. Then, we measure patients’ 
complexity by dividing the average delay by the national arithmetic mean. A unitary ratio 
means that the hospital treated (in a given month) patients whose complexity was equal 
to the national average in the 65 months; a ratio above (below) one indicates that patients 
treated were more (less) complex than the national average in the considered period. Fig-
ure 2 portrays the evolution of this proxy from 2017 to 2022 (January to May). We observe 
a shaky ratio growth between 2019 and 2020, probably motivated by the barriers to access 
to healthcare facilities (limited to the most complex cases), followed by a decrease in 2021 
and 2022 to the pre-pandemic values. Nonetheless, statistically speaking, the observed 
changes were not significant at the significance level of 5%. The Kruskal-Wallis nonpara-
metric test returned a p-value of 0.8024 for the null hypothesis of equal distributions of 
the average length of stay before and during the pandemic. 

 

 
Figure 2. Evolution of the patients’ average complexity measured with the average delay 
and for the same baseline. 

 
Another essential aspect when conducting benchmarking exercises is to make sure 

that one compares “apples with apples, not with oranges.” That being said, it is fundamental 
that entities to be evaluated are compared with their peers, provided these operate in sim-
ilar conditions as the former. Entities operating in unfavorable conditions are more likely 
to be inefficient when compared to others working in favorable environments. Many stud-
ies have already considered this aspect when measuring hospitals’ efficiency, e.g., Amado 
et al. [45]. These studies usually consider environmental (or operational) conditions as 
explanatory dimensions used to explain performance, not necessarily considering them 
when evaluating the production process. However, this production process is not gener-
ally inseparable from the conditions in which it takes place, although most studies con-
sider them separable and independent. Epidemiologic and demographic dimensions, like 
longevity, literacy, and purchasing power, can usually characterize the environment in 
which hospitals operate. 

Currently, the (Portuguese) Central Administration of Health Systems (CAHS) clus-
ters the public hospitals into five groups, B to F, being the last group reserved for oncology 
centers (thus, out of this study’s scope). CAHS uses clusters of homogeneous entities, with 
similar production processes and operating under similar conditions, typically for financ-
ing purposes. For that, the entity uses well-grounded statistical frameworks and variables 
such as urgency typology, resources (including medical hours, beds, and other equip-
ment), production (hospitalization episodes and medical appointments, to name a few), 
the case-mix index, and importantly the environmental reality of the population served 
by each hospital (resident population, level of education, average income, purchasing 
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power, and longevity). For this reason, we followed the approach of CAHS and divided 
our sample based on the group to which each hospital belongs. In other words, we con-
sider a frontier for each group and year. That way, our results are not likely biased because 
of the absence of operational conditions-related variables as they were already considered 
during the definition of clusters. Table 2 presents the distribution of observations per clus-
ter (B to E) and year (2017 to 2022). We observe no major changes in the number of obser-
vations from 2017 to 2021, and the differences between years result mostly from data miss-
ing or poor quality, leading to the observations removal. We also observe a substantial 
drop in the number of observations from 2021 to 2022, resulting from having data from 
January to May 2022 only. 

Table 2. Number of observations in the dataset per cluster. 

 2017 2018 2019 2020 2021 2022 Total 
CLUSTER B 95 106 107 108 108 45 569 
CLUSTER C 179 179 180 180 177 74 969 
CLUSTER D 96 96 95 96 96 40 519 
CLUSTER E 72 72 72 72 69 29 386 

TOTAL 442 453 454 456 450 188 2,443 
 

4.4.2. A panel analysis vs. a metafrontier analysis 
Typical analyses of hospital performance tend to be divided into two main streams: 

either using panel data (panel analysis) or pooling all data into a single database (meta-
frontier or meta-technology analysis). In the former case, the same hospital is evaluated 
once for each analysis conducted on a year-/month-basis. In other words, the same sample 
is repeated over as many times as the number of periods considered in the research, lead-
ing to the same quantity of frontiers. For instance, let the hospital HA be observed (evalu-
ated) in two instants, 2020 and 2021, following a panel analysis. Then, observation HA(2020) 
is projected in the frontier constructed using 2020-data, F(2020), while the observation HA(2021) 
is projected in F(2021). Technology gaps resultant from differences in frontiers of consecutive 
years can, thus, be assessed through productivity indices like the Malmquist Index or the 
Hicks-Moorsteen Index. In opposition, if one pools the data into a single dataset, it is im-
plicit that the same hospital has several observations, all projected in the same frontier. In 
this case, both HA(2020) and HA(2021) would be compared with the benchmarks in the common 
frontier F. 

There are several reasons to elect one analysis over the other, but the choice mainly 
depends on the case study. On the one hand, the panel analysis is appropriate when there 
are suspicions about technology gaps, likely when the time lag is substantial. If not, the 
metafrontier analysis is more straightforward and should return similar performance 
scores. Nonetheless, applying productivity indices demands a steady sample, which is not 
the case in the present study (see Table 2). On the other hand, it is well-known that non-
parametric benchmarking models are sensitive to the sample’s size, and the results tend 
to be biased when the number of variables is too big compared to the sample (the so-called 
curse of dimensionality). A rule-of-thumb (not mathematically proved) suggests that the 
sample’s size should be at least three times the number of variables. For 18 variables, the 
sample should contain 18  3 = 54 observations at least to prevent that curse (using such 
a rula). As we can see from Table 2, some clusters have smaller sizes than this threshold, 
making infeasible the panel analysis. However, we opted for a different strategy that 
would allow us to use it: to construct possible theoretical benchmarks via virtual hospitals 
with no undesirable outcomes (vide subsection 2.6.3). Should H be the actual observation 
associated with a hospital and H’ the virtual observation related to H. Since the inputs 
and outputs are equal, and H’ has no undesirable events and has more desirable outcomes 
than H, it becomes evident that H’ outperforms H. Yet, it is not necessary for H to be a 
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benchmark; if not, then H cannot be either. This way, the creation of virtual hospitals al-
lows the introduction of targets in terms of effectiveness, as the former are naturally more 
effective than the actual observations. Additionally, these virtual hospitals allow doubling 
the sample as we have two dataset entries per observation. Therefore, the curse of dimen-
sionality described before is mitigated. 

 
4.4.3. The construction of virtual hospitals 

In our experiments, we considered each hospital’s actual (or observational) and vir-
tual data representing the hospital absent from undesirable, still preventable events (see 
Table 3). In this case, for instance, there are no cases of bloodstream infections in the post-
operative period: the actual cases are treated as additional successful major surgeries, ce-
teris paribus, as the patients did not suffer from this kind of adverse event.  

Table 3. Observational and virtual data. 

 Observational data Virtual data 
INPUTS x x 

OUTPUTS y y 
DESIRABLE OUTCOMES d d + u 

UNDESIRABLE OUTCOMES u 0 
 

4.4.4. Computation 
Model in Eq. (5) was performed via the integration of the IBM ILOG CPLEX Optimiza-

tion Studio package, no-cost edition, and the high-performance MATLAB software. The 
MATLAB code can be provided upon request. 

 

5. Results 
Figure 3 portrays the evolution of hospitals’ average efficiency and effectiveness, as 

computed using Eqs. (1.1) and (1.2) with weights optimized via the linear programming 
model in Eq. (5). Differences between groups are noteworthy and statistically significant 
as per the Kruskal-Wallis’ test. First and foremost, one would expect that the hospitals in 
group B were the most efficient and effective, as they receive the least complex cases 
(nonetheless, we remark that production and outcomes were adjusted for the patients’ 
complexity and severity). Conversely, hospitals in groups D and E exhibit higher average 
efficiency and effectiveness scores, although they are primarily central hospitals that re-
ceive more complex cases. We observed no meaningful differences between scores for 
groups D and E. These results suggest that, opposite to our expectations, larger hospitals 
located in urban centers can perform better than others in better operational conditions. 
Second, entering the COVID-19 pandemic in 2020 seems to have led to an abatement of 
efficiency in all groups, although not significant in group C. However, the years 2021 and 
2022 (during the pandemic) were featured by the efficiency recovery to pre-pandemic lev-
els or even above. Third, and opposite to what happened to the efficiency, effectiveness 
watched statistically significant improvements in all groups, again apart from group C (in 
which the effectiveness remained nearly unchanged). This effectiveness enhancement 
may have occurred because of the reduction of attended patients, lowering the number of 
complex patients, or because the hospitals became more resilient to adverse events, adopt-
ing safer practices for patients and staff. 
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Figure 3. Evolution of hospitals’ average efficiency and effectiveness per group (B, C, D, 
and E). 
 

The differences between the two performance dimensions are also remarkable, espe-
cially for groups B (p=2.9110-52) and C (p=1.7310-56). We found no differences for groups 
D (p=0.0620) and E (p=0.9475). It suggests that hospitals in groups B and C have focused 
more on saving resources than caring for patients and their well-being. Noteworthy is that 
actual observations were compared with virtually constructed hospitals with better per-
formance than the former. Therefore, we should conclude that hospitals in these two 
groups are far from the theoretical ideal levels. For this reason, the mathematical model 
seems to highly penalize hospitals for their poor performance regarding undesirable out-
comes. Nonetheless, there are some exceptions, performing relatively well concerning ef-
fectiveness, as shown in the histograms of Figure 4. 

We also determined the probability density functions of both efficiency and effective-
ness of the four groups of hospitals. These functions obeyed the Akaike Information and 
the Log-Likelihood Criteria simultaneously. In most cases, a Normal or Gaussian distri-
bution fits the distributions well. This type of distribution, besides being well-known, only 
accounts for two parameters (mean or location, and standard deviation or scale) and has 
nice properties allowing us to conduct statistical tests over the results. For instance, if 
𝑋𝑋~𝒩𝒩(𝜇𝜇𝑋𝑋,𝜎𝜎𝑋𝑋) and 𝑌𝑌~𝒩𝒩(𝜇𝜇𝑌𝑌,𝜎𝜎𝑌𝑌) are two random variables following Normal distributions, 
then 𝑋𝑋 ± 𝑌𝑌 is also a random variable following the Normal distribution 𝑋𝑋 ± 𝑌𝑌~𝒩𝒩�𝜇𝜇𝑋𝑋 ±

𝜇𝜇𝑌𝑌,�𝜎𝜎𝑋𝑋2 + 𝜎𝜎𝑌𝑌2�. With this property, we can estimate the likelihood of finding a hospital in 
group E more efficient than in group D, as follows: Pr(𝐸𝐸𝑘𝑘

(1) ≥ 𝐸𝐸𝑗𝑗
(1)) = 1 − Pr(𝐸𝐸𝑘𝑘

(1) − 𝐸𝐸𝑗𝑗
(1) ≤

0) with 𝑘𝑘 ∈ 𝐸𝐸, 𝑗𝑗 ∈ 𝐷𝐷, and 𝐸𝐸𝑘𝑘
(1) − 𝐸𝐸𝑗𝑗

(1)~𝒩𝒩�𝜇𝜇 = 0.71 − 0.71 = 0;𝜎𝜎 = √0.112 + 0.162 ≈ 0.19�, 
which results into Pr(𝐸𝐸𝑘𝑘

(1) ≥ 𝐸𝐸𝑗𝑗
(1)) = 1 − 𝜙𝜙 � 0

0.19
� = 1 − 𝜙𝜙(0) = 1 − 0.5 =50%. We can use 

the same rationale in the effectiveness case, which is Pr(𝐸𝐸𝑘𝑘
(2) ≥ 𝐸𝐸𝑗𝑗

(2)) = 1 −

𝜙𝜙 �0−(0.70−0.73)
�0.222+0.272

� = 1 − 𝜙𝜙 � 0.3
0.35

� = 1 − 𝜙𝜙(0.86) =19.48% for 𝑘𝑘 ∈ 𝐸𝐸 and 𝑗𝑗 ∈ 𝐷𝐷. 
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Figure 4. Statistical distributions of efficiency and effectiveness per group (B, C, D, and E). 
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Figure 5. Evolution of hospitals’ average overall performance per group (B, C, D, and E). 

 
All in all, when considering the aggregated measure of overall performance, we ob-

serve that all groups of hospitals improved it (on average terms) from January 2017 to 
May 2022; see Figure 5. Unsurprisingly from the previous results, hospitals in groups D 
and E exhibited better overall performance levels, followed by the ones in group C. The 
performance scores of groups D and E were not statistically different as per the Kruskal-
Wallis test: p=0.2767 (>0.05). The poorest performance group is B, which also achieved the 
most negligible levels of efficiency and effectiveness according to our model. Using the 
same statistical test, group B shows statistically lower performance scores than group C 
(p=2.1810-44), which in turn shows lesser scores than groups D and E (p=5.7610-153). 

 

5. Discussion, concluding remarks, limitations, and future work 
In the present study, both the efficiency and effectiveness of hospital healthcare pro-

viders in Portugal were analysed in the periods before and during the Covid-19 pandemic. 
This type of analysis is extremely important in hospital administration and management 
as it constitutes a premise for the sustainability of services but also for patient safety and 
prompt compliance with evidence-based medical guidelines for the adequacy of care. 

For this purpose, in the evaluation of efficiency, when measuring the number of pro-
cedures and patients attended (outputs) for the resources consumed (number of doctors, 
nurses, and beds, to name a few), regardless of the quality of care, it can be observed that 
this performance dimension dropped in the year 2020 in all hospital groups, resuming a 
growth trajectory in the year 2021. The reduction in efficiency from 2019 to 2020 appears 
to have been the result of the decrease in hospital production. Despite the increase in their 
complexity (if measured by the average delay as a proxy for complexity and severity), this 
was not enough to offset the drop in output, without there having been a proportional 
decrease in input. However, the atypical results observed in 2020, in terms of efficiency, 
were recovered in the following years. In this sense, there seems to be some guarantee or 
hope regarding the sustainability of the SNS in Portugal. 

The main objective of health professionals is to provide the best health care to users, 
upkeeping their safety and giving them the most appropriate care following the best tech-
nical and ethical standards. In that sense, it seems that the effectiveness maintained a 
growing trend during the pandemic period in all groups. However, it is worth noting the 
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fact that effectiveness in all hospital groups shows a decreasing trend in the pre-pandemic 
period was potentially motivated by the exodus of highly qualified health professionals 
not only to the private sector, but also abroad. At stake will be the search for better salary 
and working conditions, being widely criticized the fact that these professionals work in 
increasingly precarious conditions in the public sector. 

The increasing trend of effectiveness in the pandemic period compared to the three 
pre-pandemic years may be related to the resilience of health services and professionals, 
despite difficult working conditions, burnout, and staff shortages. However, the increase 
in barriers to access was evident, namely through the postponement and cancellation of 
medical appointments and the delay in registering on the list for surgeries, as was the 
increase in some undesirable results such as pulmonary embolisms and cases of septice-
mia that are linked to the increase in severe cases of COVID-19 (especially in 2020). From 
2021 onwards, vaccination contributed to a reduction in the severity of the disease, that 
is, to a decrease in cases of in-hospital pulmonary embolisms and septicemia related to 
that disease. However, with the reduction of barriers to access, it is natural that other un-
desirable cases could have increased, contributing to the degradation of the effectiveness 
of hospital care. Still, poor results on some quality variables were offset by other dimen-
sions in which hospitals appear to have improved performance, such as hospital readmis-
sions and timely hip surgeries. Naturally, this result is also linked to demand or access 
limitations. It is also necessary to take into account that the outcomes were adjusted to the 
patients’ complexity and, for this reason, it is natural that even the increases observed in 
some undesirable dimensions contribute less to the estimation of effectiveness. Further-
more, the model used is an optimization of the weights in the optimistic sense, seeking to 
maximize the weights of the dimensions where the hospital performed well, giving pri-
macy to the dimensions where the hospital management invested more. In other words, 
it is possible to conclude that some dimensions end up being undervalued when estimat-
ing hospital performance. Note, however, that the weights are never zero, so there is al-
ways a contribution from all variables, even if this contribution is marginal for some cases. 

In order to discuss more in depth the results, let us recall the seven measures adopted 
by the Minister of Health (Order No. 5314/2020, of 2 May) as a recovery plan for the assis-
tance activity: 

i) Recourse to non-face-to-face means, using telemedicine mechanisms, namely tele-
tracking, teleconsultation, telemonitoring and teleconsulting programmes, except when 
this was not clinically appropriate or technically possible; 

ii) Different opening hours, including on weekends; 
iii) Scheduling by appointment, ensuring that users remain in the health services only 

for the strictly necessary period; 
iv) Travel to the user's home, or equivalent, in clinical situations where this proves to 

be appropriate; 
v) Referral of emergency episodes sorted with white, blue or green colour in hospital 

emergency services to another type of health care, namely, primary health care and other 
programmed hospital responses; 

vi) Promotion of hospital consultation activities, in a decentralized manner in pri-
mary health care or through teleconsultation; and 

vii) Implementation of complementary means of diagnosis and therapy in primary 
health care, in cases where such availability existed. 

Measure (i) was based on the fact that the first hospital appointments are forwarded 
by family doctors in the primary health care units and require greater differentiation with 
a great need for complementary means of diagnosis and therapy. Even if in cases where 
medical specialties allow and the user has already had exams, this would require specific 
equipment that not all users have. Of course, this issue could be mitigated through pri-
mary health care, with the family health team making the connection. In addition to these 
limitations, the data presented by the Central Administration of the Health System and 
released by the Court of Auditors between March and May 2020 referred to a monthly 
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average of 4,000 telemedicine consultations, far below the needs. When compared to the 
same period in 2019, there were less 882,333 consultations, 364,000 of which were first 
appointments. That is, on average, there were 172,599 fewer subsequent consultations and 
121,512 fewer first monthly consultations. The 4,000 teleconsultations registered per 
month had a residual representation of 3.2% of the total of first consultations or 2.3% of 
the total of subsequent consultations. However, this is an interesting strategy for the fu-
ture of health systems that allows for greater efficiency and effectiveness of medical work 
in conjunction with primary health care. 

Measure (ii) appears to have had some positive effect. However, it lacks some avail-
ability of health professionals for the weekend when, as a rule, the Health Centres are 
closed (the rest days of the teams would have to be compensated by weekly days). During 
this period, hospital units operate with fewer services as they concentrate their activities 
during weekdays and in the morning. However, this limitation with shift hours could be 
contemplated in some types of activities and in additional production, with the respective 
associated incentives. 

In turn, Measure (iii) is a strategy that, in a first analysis, would reduce the presence 
and permanence of users in the health services. However, it would no longer be a pioneer 
in the NHS, in which it has proven to be ineffective due to the unpredictability of acts 
provision and because, in some cases, doctors are not only dedicated to this task, some-
times having to interrupt the service cycle for users. All these facts would generate waiting 
and agglomeration of users, which contradicts the initial objective of the measure. 

Measure (iv) was initially envisaged as a strategy with advantages for the citizen, 
namely in cases without the ability to travel to health facilities. However, its implementa-
tion would be (as it was before) residual since it would remove professionals from the 
health units, where they are essential. It should also be noted that this measure may con-
flict with the previous ones, as it increases the average time of service, reduces the margin 
for scheduling, and does not allow the extension of hours to weekends, as it would reduce 
the capacity of professionals to attend more patients, which is done more efficiently in 
health facilities. 

Measure (v) could have resulted in very positive effects on hospital care, as it would 
allow for less pressure in emergencies, freeing up time for the recovery of non-covid ac-
tivity with more non-urgent case scheduling. However, it is necessary to bear in mind that 
primary health care must also recover its activity in the control of chronic disease and in 
the updating of vaccination that was not carried out in the COVID-19 period due to lack 
of demand. This fact limits the action of these professionals who no longer must follow 
users at home, having passed this function to other types of response. Even so, the referral 
of users for hospital programmed responses to hospital units that focus on non-covid pa-
tients would be an interesting measure capable of recovering production. It would also be 
important to create an Integrated Activity Recovery System, whose functionality was like 
the Integrated Access Management System. It would allow doctors to make a safe referral 
with on-line knowledge of the units’ availability, avoiding clusters of users waiting for 
care and promoting good articulation between health units. 

On the other hand, Measure (vi) made it possible to alleviate the concentration of 
users in hospitals (lower risks for them) and, at the same time, allowed hospitals to focus 
on more differentiated cases. However, it has some associated problems such as the avail-
ability of teams or physical spaces and necessary equipment, which can undermine it 
without prior and proper planning and investment. 

Finally, Measure (vii) was unsuccessful because of the meaningful asymmetry be-
tween primary health care providers and the lack of investment to improve this level of 
care’s solvability, which limits and would hardly produce the desired effects in the short 
term. 

The main limitation of this study is precisely the fact that the proposed model is op-
timistic, as is the case with almost all DEA models. Therefore, future work consists of 
developing a pessimistic approach, to verify to what extent hospital performance changes 
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when more emphasis or weight is given to variables where performance was weaker. Fur-
thermore, this study adopted a perspective of minimizing the consumption of resources, 
to guarantee or promote the economic and financial sustainability of the Portuguese NHS. 
However, in the future, a perspective of maximizing desirable results (and consequent 
minimization of undesirable results) must be adopted from a social and not so much a 
financial point of view. In that vein, the results must be compared with the ones achieved 
in the present research. 
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