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Abstract
This paper assesses the economic efficiency of Brazilian general hospitals that provide inpatient care for the Unified Health
System (SUS). We combined data envelopment analysis (DEA) and spatial analysis to identify predominant clusters, measure
hospital inefficiency and analyze the spatial pattern of inefficiency throughout the country. Our findings pointed to a high level of
hospital inefficiency, mostly associated with small size and distributed across all Brazilian states. Many of these hospitals could
increase production and reduce inputs to achieve higher efficiency standards. These findings suggest room for optimization, but
inequalities in access and the matching of demand and supply must be carefully considered in any attempt to reorganize the
hospital system in Brazil.
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1 Introduction

Hospital expenditure represents a large share of total health
expenses in almost all countries. The Organization for
Economic Cooperation and Development (OECD) estimates
that hospital spending alone represented 38% of total health
expenses in 2015 [39]. This share reflects a complex produc-
tion function since inpatient care usually involves different
types of health and nonhealth professionals, demands a net-
work of diagnostic services, and is technology intensive. In
Brazil, the share of hospital expenditure in total expenses is
similar to the OECD average, at approximately 36% for 2012–
2014 [36]. In part, this share is justified by the model of care
provided in both the public and private sectors that is mostly
centered in inpatient care [20, 23].

In this context, the study of hospital efficiency is crucial to
achieving a sustainable health system. Efficiency depends on
a multitude of factors, including the organization of healthcare
services. Mosca [37] found that OECD countries with a more
decentralized health system have higher levels of health ex-
penditure than their counterparts. The Brazilian Unified
Health System (“Sistema Único de Saúde” [SUS]) provides
universal and free access to a comprehensive set of healthcare
services to the population. Healthcare services delivery is
decentralized and hierarchically arranged, with municipalities
playing a central role in their provision. Even though decen-
tralization can better match local needs, it sometimes fails to
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achieve scale and technical efficiency requirements. In Brazil,
for instance, a large number of municipalities (45%) have less
than 10,000 inhabitants and limited technical capacity to man-
age and provide all the levels of services and complexity re-
quired [12, 20]. As a result, a large number of small hospitals
operate inefficiently, with low levels of occupancy [42, 50].
The socioeconomic heterogeneity in Brazil also translates to
different management abilities among municipalities.

Additionally, there are different healthcare providers in
Brazil: public, private and philanthropic. Most of the
Brazilian public hospitals are owned and operated by federal,
state, or municipal governments, with direct administration
(47%). Concerning organizational functions, such as procure-
ment and budget implementation, only a small portion is au-
tonomous (less than 1%) or semiautonomous (5%), with indi-
rect administration. Private hospitals (16%) are for-profit or-
ganizations, operating under competitive pressure and assum-
ing responsibility for their own results. Philanthropic hospitals
(32%) differ from private hospitals because they are nonprofit
organizations. However, to be a philanthropic entity and con-
sequently enjoy the benefits of financial and tax incentives, it
is necessary to satisfy Ministry of Health requirements, such
as agreeing to provide a minimum of 60% of services to SUS
patients [40]. Therefore, organizational arrangements impact a
hospital’s performance, varying the incentives according to
payment mechanisms, contracts or regulations [23]. The very
existence of a decentralized health system composed of di-
verse healthcare providers in a large and socioeconomically
heterogeneous country brings the study of efficiency to the
forefront of health economic analysis in developing countries.

To the best of our knowledge, hospital efficiency analysis
at the national level has not yet been conducted in Brazil. The
existing studies focus on particular states [10, 31, 46, 48],
Brazilian capitals [19] or groups of hospitals [3, 24, 26, 30,
42]. Regardless of the level of aggregation, these studies find
that the majority of hospitals in Brazil are inefficient ([19, 23,
26, 31, 42]). Inefficiency is particularly common among small
hospitals. Rodrigues et al. [42] showed that 53.13% of small
hospitals in Brazil were operating inefficiently in 2014. Using
a very small share of Brazilian hospitals (8%), La Forgia and
Couttolenc [23] found an average technical efficiency score of
0.34. This very low average score calls into question the va-
lidity of La Forgia and Couttolenc’s findings. This is a very
low score when compared to the OECD average, which
ranges from 0.77 to 0.82 [49]. For instance, Portugal, despite
having an average score above 0.90 for hospitals’ technical
and scale efficiencies, was revealed to have an excess of full-
time equivalent doctors and nurses, pointing to opportunities
to improve productivity with reductions in operational re-
sources [18].

Recently, Lins et al. [25] and the World Bank [50] studied
Brazilian municipalities’ health performance. Lins et al. [25]
analyzed municipal efficiency in health provision. The World

Bank report found a high level of inefficiency in the provision
of secondary healthcare services, suggesting that improve-
ments in high- and medium-complexity healthcare are feasible
and would allow the reallocation of financial resources to
primary healthcare [50]. Municipalities with a large expendi-
ture on medium-complexity hospital services are those with
the highest levels of inefficiency [50]. These studies are dif-
ferent from ours as they used the municipality instead of hos-
pitals as the unit of analysis. The approach of using local
municipalities as the production unit of hospitalizations is
not adequate because it hides the intramunicipal heterogeneity
in terms of scale and efficiency. Moreover, the studies also
used the aggregate level of healthcare expenditure [50] or
specific health indicators [25] as inputs instead of production
factors directly measured at the hospital level. As a conse-
quence, there is no clear guidance in terms of public interven-
tion at the hospital level.

In contrast to previous studies, we assessed hospital effi-
ciency by taking into account all Brazilian general hospitals
that provided healthcare services for the SUS in 2015.
Combining efficiency estimation and spatial analysis, we
found a high proportion of inefficiency associated with small
and public hospitals. Despite some level of spatial clustering,
inefficiency is widespread in the national territory. This is the
first nationwide study to estimate inefficiency at the hospital
level and the first to explore the spatial distribution of such
inefficiency.

2 Methods

2.1 Data

We used two official cross-sectional databases: the National
Registry of Health Facilities (CNES) [34] and the Hospital
Information System of the Unified Health System (SIH/
SUS) [35]. CNES is a national registry of mandatory comple-
tion that gathers monthly information on all health facilities,
including their infrastructure and human resources. The SIH/
SUS is an administrative database that contains information
regarding all hospitalizations financed by the SUS, including
characteristics of patients and medical procedures. We merged
these databases using the CNES code as a unique identifier. In
this analysis, we considered July 2015 as the temporal refer-
ence (midyear) for the CNES database and compiled all hos-
pitalizations that occurred during the year from the SIH/SUS
database. We excluded long-term hospitalizations since they
refer to treatments that require long-term recovery, such as
psychiatric or tuberculosis care. Excluded cases represented
only 2.5% of total inpatient care delivered in that year.

From a total of 6154 general and specialized hospitals,
5120 are general hospitals. One limitation of the data used in
this study is that available information concerns only
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hospitalizations financed by the SUS, regardless of whether
they are provided by a private or by a public health facility. As
private hospitals may be hired by the SUS but also provide
inpatient care to the private sector, their production would be
underestimated if we considered only hospitalizations fi-
nanced by the SUS. To take into account this data limitation,
we included only general hospitals that had at least 50% of
beds allocated to the SUS and registered more than 50 hospi-
talizations throughout the year. Three hospitals that registered
zero doctors were also excluded. In total, 1616 general hospi-
tals were excluded and 3504 general hospitals included in the
study.

2.2 Analysis

We performed data envelopment analysis (DEA) [14] to as-
sess hospital efficiency. DEA is a linear programming approx-
imation that estimates decision making unit (DMU) efficiency
comparing each unit to best practice [11]. It is a nonparametric
model that identifies best performers and builds a production
frontier under which the other DMUs are evaluated. The effi-
ciency score is estimated as the distance of a DMU to the
production frontier [11, 44]. One advantage of using DEA is
that it allows the estimation of efficiency by considering mul-
tiple inputs and outputs and decomposing total efficiency into
technical and scale efficiencies [14, 15]. Technical inefficien-
cy is observed when the mix of inputs does not reach the
maximum feasible production [6]. Scale efficiency is obtained
as the ratio between the total efficiency score estimated assum-
ing constant returns of scale and variable returns to scale. We
chose the input-oriented model [45] since the increase in the
public health budget is probably not a feasible scenario. Brazil
has experienced public deficits in recent decades, and the fed-
eral government has recently implemented strict measures to
contain public expenditures. We chose the variable returns to
scale (VRS) model since it accepts a more varied technology
set. We also conducted a DEA slack analysis to check for the
existence of DMUs that are considered Farrell efficient (weak-
ly efficient). When the production function presents some flat
regions, the efficiency of the DMUs projected onto these re-
gions (Farrell efficient) may be improved by reducing the
level of inputs; depending on the shape of the curve, output
variations are also feasible [6].

Another important aspect of efficiency analysis is to con-
sider minimally homogenous DMUs in terms of inputs and
outputs. We classified hospitals into three groups based on a
previous work of Botega et al. [7] that applied latent cluster
class analysis to identify similar hospitals in terms of indica-
tors and technology settings. The latent cluster class analysis
identified three clusters of hospitals: small (less than 50 beds),
medium (from 51 to 150 beds) and large hospitals (over 150
beds). Therefore, in our DEA specification, we ran separate
models for each of these three groups. We also compared

efficiency scores among type of healthcare providers (public,
private, and philanthropic).

We included as inputs: (i) human resources working for the
SUS (doctors, nurses, nursing assistants, and technicians), (ii)
infrastructure dedicated to the SUS (number of beds, number
of pieces of medium- and high-tech medical equipment). The
numbers of doctors, nurses, and nurse assistants working were
standardized by workload hours to allow for hospital compar-
isons. The output variables are the number of hospitalizations
according to five groups of ICD-10 (circulatory, respiratory,
pregnancy, childbirth/puerperium procedures, and others) and
two age groups (younger than 60 and over 60 years old).
These first three ICD-10 groups were responsible for 42% of
all hospitalizations delivered in 2015 by the SUS. This disag-
gregation intends to control for differences in hospitals’ ser-
vice composition and patients’ risk attributes. For instance,
childbirth and puerperium procedures usually require short
stays compared to circulatory procedures. Additionally, age
is the only available variable that allows adjustments for risk
attributes.

Density curves for the efficiency scores were represented
by Epanechnikov kernel estimators. We performed a multivar-
iate analysis of variance (MANOVA) to compare and test
mean differences in efficiency scores by hospital size and type
of healthcare providers. All analyses were estimated using R
(version 3.3.3): for DEA with the benchmarking library and
for MANOVAwith the stats library.

To identify hospitals’ efficiency patterns throughout the
country, we estimated a continuous efficiency surface from
hospitals’ efficiency score. The spatial interpolation used
the inverse distance weighting (IDW) method, which esti-
mates the missing values using the sum of the weights of
existent sample points in the neighborhood. As the weights
are inversely associated with the distances between the
predicted and the sampled points, this method more heavi-
ly weights the nearest sampled locality and is usually ap-
plied when certain locations attributes are unknown or in-
existent [28]. In our study, for example, there are some
municipalities with one or more hospitals and others with
none. The estimated values are a linear combination of the
weights and the observed values [28]. This analysis was
performed using QGIS (3.10).

While surface analysis only identifies hot spots of hospital
efficiency, it does not test whether these local spatial patterns
are statistically significant. The statistical test of local cluster-
ing was performed using local spatial autocorrelation (LISA)
analysis [1]. Departing from the point data representing hos-
pital units, we generated Voronoi polygons in QGIS and
imported this shapefile into GeoDa (version 1.14.0) to per-
form the global spatial autocorrelation (Moran I) and LISA
tests. We used a queen matrix of order one as spatial weights
and 99,999 permutations for bootstrapping hypothesis testing
of spatial autocorrelation.
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3 Results

3.1 Hospital size and healthcare service provider
assessment

Figure 1 presents the main characteristics of Brazilian general
hospitals. The majority of hospitals in Brazil are small and
predominantly public. On average, the proportion of beds al-
located to the SUS is 90%, indicating that the general hospitals
included in this study are mostly dedicated to the public health
system. Large hospitals represent only 13% of hospital units
but have a significant role in meeting inpatient care demand:
they are responsible for 86% of the highest-complexity treat-
ments and almost 50% of all SUS hospitalizations and receive
a higher proportion of nonresident patients compared to small-
er hospitals. Large hospitals are also intensive in human, phys-
ical, and financial resources and have an average occupancy
rate (68%) close to the National Health Agency (ANS) rec-
ommendation – 75% to 85% [2]. Small hospitals present a
lower ratio of health professionals and average spending per
bed and a significantly lower occupancy rate (21.86%), indi-
cating that small hospitals have an excess of beds.

Concerning organizational structure, public and philan-
thropic hospitals are more intensive in human and physical
resources, while private hospitals are more intensive in finan-
cial resources. Public large hospitals show higher averages for
occupancy rate (73.05%), length of stay (7.30 days) and pa-
tients’ distance traveled (377.04 km). Private large hospitals
receive more than 50% of nonresident patients. All mean dif-
ferences are statistically significant across group sizes and
healthcare providers (Fig. 1).

The DEA estimation pointed to average technical and scale
efficiency scores of 0.59 and 0.75, respectively. A bootstrap
analysis was conducted, resulting in a 0.43 average score for

technical efficiency. However, the bootstrap analysis is pref-
erable when the distribution is symmetric [6]. Instead, our
efficiency score distributionwas skewed; most of the hospitals
are inefficient. The bootstrap method pushed the average
scores down as the most efficient hospitals were not entirely
included in the resampling. Therefore, we chose to advance
with our study without the bootstrap estimation, which en-
abled us to proceed with the slack and returns to scale inves-
tigation as well.

The density curves for technical and scale scores revealed a
very distinctive pattern according to hospital size (Fig. 2). The
small hospitals distribution is left-skewed, with a median of
approximately 0.46 and a higher concentration at lower levels
of technical efficiency. In contrast, large hospitals had a me-
dian of 0.75, with a peak around 1. Concerning scale efficien-
cy, large and medium hospitals had a right-skewed distribu-
tion, while the density curve for small hospitals was approx-
imately flat, suggesting that large hospitals are more able to
achieve economies of scale. A considerable difference in me-
dian scale efficiency scores by hospital size was also ob-
served: 0.76 for small hospitals in contrast to 0.83 and 0.93
for medium and large hospitals.

Efficiency also varies by type of healthcare provider
(Fig. 2). Public hospitals showed the worst performance
for both technical and scale efficiency. The comparison
of the density curves for the efficiency scores revealed
that these differences are pronounced mainly for techni-
cal efficiency. Private hospitals presented a left-skewed
distribution with a peak around 1 and a median score of
0.69, suggesting that those are the most efficient hospi-
tals in the country (Fig. 2C). The median scale efficiency
score was also higher for private hospitals (0.88). Public
hospitals presented a median technical efficiency score of
0.51 and a scale efficiency score of 0.78, while
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Financial Resources
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Fig. 1 Characteristics of Brazilian general hospitals according to hospital
size and healthcare provider, 2015 Source: CNES and SIH/SUS, 2015
[34, 35]. [1] As long as only one small hospital is classified as a syndicate,
it is analyzed as an isolated case and not detailed in the table. * VRS =

variable returns to scale model assumption; CRS = constant returns to
scale model assumption. [2] Mean exchange rate of 2015 according to
Brazilian Central Bank [5]
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philanthropic hospitals had median scores of 0.62 and
0.86, respectively. Figure 2e to j show the density curves
disaggregated by size and type of health provider. For
technical efficiency, the curves for private hospitals are
right-skewed independently of hospital size, evidencing
again that this group comprises the most efficient
hospitals.

Regardless of size and healthcare provider, most hospitals
in Brazil have increasing returns to scale (87%), suggesting
that the majority of Brazilian hospitals were operating below
the optimal scale size (Fig. 3). This percentage decreases
monotonically with hospital size, underlining that some large

hospitals, such as most large public hospitals, have already
achieved scale efficiency.

The slack analysis showed potential savings of beds and
human and technological resources as well as output expan-
sion opportunities according to hospital size (Fig. 4). This
analysis revealed that there is room to reduce beds, human
resources and amounts of equipment, regardless of hospital
size. Differences in output expansion by size reinforce the
presence of available beds in small Brazilian hospitals. To
achieve efficiency, small hospitals should increase hospitali-
zations by 26% on average, followed by 16% among medium
hospitals and 9% among large hospitals. This increase

Hospital size Healthcare provider 

a Technical Efficiency c  Technical Efficiency

b Scale Efficiency d Scale Efficiency

Small Hospitals Medium Hospitals Large Hospitals 

e Technical Efficiency g Technical Efficiency i Technical Efficiency 

f Scale Efficiency h Scale Efficiency j Scale Efficiency

Fig. 2 Density curves for technical and scale efficiency scores by size and type of healthcare provider, Brazilian general hospitals, 2015. Source: CNES
and SIH/SUS, 2015 [34, 35]
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corresponds to 16, 38, and 74more hospitalizations per month
for small, medium, and large hospitals, respectively.

Source: CNES and SIH/SUS, 2015 [34, 35].

3.2 Spatial pattern assessment

The spatial analysis shows that technical and scale efficiencies
are heterogeneously distributed throughout the country, with
hot spots of efficiency (Fig. 5). Areas in light gray represent
the hospital neighborhoods with the lowest scores, while the
darkest black ones correspond to scores above the Brazilian
average. The totally efficient hospitals (scores equal to 1), in
terms of both scale and technical efficiency, are displayed as
black dots.

Technical and scale inefficiency are widespread across the
country, reflecting the presence of small hospitals in a greater
number of localities. The concentration of technical and scale
inefficiency is mainly observed in less developed regions,
including Amazonas State and the Northeast and Midwest
regions.

Globally, efficiency scores show low levels of spatial cor-
relation: the global Moran indexes for technical and scale
efficiency are 0.126 and 0.152, respectively. Both are
pseudostatistically significant at 0.001. Local efficiency
scores also suggest a few pockets of significant spatial hospital
inefficiency autocorrelation (Fig. 6). Negative spatial autocor-
relation is scarce, and different patterns are observed for pos-
itive autocorrelation. Even though inefficiency is widespread
in almost all Brazilian states, clusters of technical and scale
inefficiency (low-low in light gray) are found mainly in
Amazonas State and the Midwest region. On the other hand,
some clusters of technical efficiency are observed, in particu-
lar for the Southeast region and the southern parts of Pará and
Maranhão (Fig. 6).

4 Discussion

This is the first study to evaluate hospital efficiency while
taking into account all Brazilian general hospitals. We found

two main results. First, inpatient care is provided with a high
level of inefficiency. Second, this inefficiency is not a regional
phenomenon and is distributed across all Brazilian states.

Since the SUS was created, the Brazilian health system has
experienced several changes, improvements and challenges:
for instance, an imbalance between income and expenses, a
lack of human resources specialized in hospital management,
and increasing costs as a function of technological, demo-
graphic and epidemiological changes [9]. There is a lack of
studies concerning hospital efficiency for Brazil as a whole.
The literature concerning access to and utilization of hospital-
ization is scarce compared to research on outpatient services
[9]. La Forgia and Couttolenc [23] found an average technical
efficiency score of 0.34 for Brazilian hospitals in 2002. This
very low average score casts doubt on the validity of their
findings. Our paper shows that Brazilian hospital efficiency
(0.59) is below the average OECD score, which ranges from
0.77 to 0.82 [49]. Hospital inefficiency arises mainly from
barriers to achieving scale and implementing management
best practices. A large number of hospitals are local, public,
and small as a likely consequence of the decentralization prin-
ciple of the Unified Health System. Even though decentrali-
zation can better match local needs, it sometimes fails to
achieve scale and technical efficiency requirements [4, 8, 21,
43], implying a scenario where persistent inefficiency is likely
to be observed [13]. Local governments are responsible for the
provision of access to all healthcare services, either directly or
by contracting inpatient care from other municipalities. The
mayors’ decisions depend on political incentives, which are
not always aligned with principles of economic efficiency or
with the local population’s wellbeing in the long run [21]. The
autonomy to control the opening of new local hospitals trans-
lates into powerful political capital for local governments ([17,
23, 32]). By neglecting the presence of externalities and scale
and scope economies, mayors create barriers to the develop-
ment of a healthcare services network. The size of the
Brazilian territory is another aspect to consider when
assessing hospital efficiency. Brazil is a continental country
with a large number of small municipalities with low levels of
population density. The combination of political incentives
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Fig. 3 Distribution of returns to scale according to hospital size and healthcare provider, Brazil, 2015. Source: CNES and SIH/SUS, 2015 [34, 35]
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with the particular geographical setting of the country results
in an excessive number of small hospitals with low levels of
effective healthcare provision throughout the territory [42].

The federal government has already made some effort to
counterbalance SUS decentralization by trying to organize
healthcare supply into micro and macro health regions [29].
These initiatives failed to organize healthcare delivery in a
hierarchical and integrated network, mainly because of financ-
ing constraints [38]. The Federal government is allowed to
transfer money only to states or municipalities, which discour-
ages local authorities from building healthcare networks by
region or even by consortia. Decentralization, therefore, is still
a challenge to the achievement of efficient provision of inpa-
tient care within the Unified Health System.

Brazilian hospital performance also varies according to the
type of healthcare provider. Private hospitals showed the
highest technical efficiency scores, while public hospitals
showed the lowest. These findings are in tandem with La

Forgia and Couttolenc [23], who found that public hospitals
administered by Health Social Organizations, called OSSs,
were the most efficient group, followed by for-profit hospitals.
OSSs are characterized by having an autonomous administra-
tive arrangement, suggesting that higher autonomy can lead to
better hospital management. Management autonomy is com-
mon among private hospitals, which are free to introduce pay-
ment based on performance, thus favoring efficiency [23, 33,
51]. In addition, private hospitals do not have to account for
local political interests and constraints and can make decisions
more rapidly and develop network configurations with other
hospitals, thus exploiting economies of scale, knowledge ex-
change or centralization of input purchases [16, 21]. Therefore,
cooperation across hospitals seems to have greater effects on
hospital quality and efficiency than local policy intervention
[27]. Large public hospitals play an important social role.
These hospitals, despite presenting lower levels of technical
efficiency than private and philanthropic hospitals, have an

ycneiciffEelacSycneiciffElacinhceT

Fig. 5 Map of Brazilian general hospitals’ technical and scale efficiency, 2015. Source: CNES and SIH/SUS, 2015 [34, 35]; Brazilian Political State
Boundaries [22]
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important role in providing high-complexity services, receiving
a large proportion of SUS patients from other municipalities
and dedicated mainly to the most socioeconomically vulnerable
population [47]. Thus, these reasons, associated with specific
medical choices, such as waiting for complementary tests, re-
sults of tests performed, or medical decisions regarding treat-
ment, might be among the obstacles causing delay to hospital
discharge in large public hospitals [47]. These discharge delays
and the consequent high occupancy rates are especially frequent
for nonresidents, who usually travel long distances and have
difficulties in finding a place to stay. In these situations, doctors
avoid authorizing hospital discharges.

This paper is a step forward in the assessment of hospital
performance in Brazil. In contrast to many previous studies
that focused on restricted samples ([3, 10, 19, 23, 24, 26, 30,
31, 46, 48]) or a particular hospital size [42], our analysis
encompasses all general hospitals in the country. The only
exception that provides a nationwide estimate of efficiency
in healthcare expenditure is the study conducted by the
World Bank [50]. The study measures inefficiency at the mu-
nicipal level for health units offering medium- and high-
complexity procedures, which makes the analysis not directly
comparable with ours. Both studies, however, found an over-
all level of inefficiency, implying that there is room for opti-
mization. Although the report suggests a reallocation of finan-
cial resources to primary healthcare, we contend that other
forms of reallocation may be equally efficient and meet equity
concerns [4, 8, 43]. Inequalities in access and the matching of
demand and supply must thus be carefully considered in any
attempt to reorganize the hospital system in Brazil.

This study presents some limitations. First, variables from
the CNES only account for the quantitative dimension of
healthcare. Measures of the quality of care, such as the level
of technology used and the quality of services provided by
health professionals – including their expertise – are all key
aspects of healthcare supply but are not available in the data
used in this study. Second, data regarding expenses do not
consider outpatient care and complementary public financial
transfers to hospitals, limiting analysis using this variable.
Thus, the expense variable was not used in our DEA model.
Third, health professionals, despite being mostly dedicated to
inpatient care, can sometimes perform outpatient care, but the
information available does not allow us to make this identifi-
cation precisely. Fourth, despite the recognized reliability of
the CNES [41], the database has not been systematically
audited. As a consequence, contemporary changes in the struc-
ture of healthcare provision may be underreported. Fifth, the
analysis of efficiency for hospitals detailed by OSSs was not
possible using CNES data. The administrative records provide
no reliable identification of OSS units for two reasons: this
type of organization is relatively new in Brazil, and contracts
are constantly renewed, making it difficult for the administra-
tive records to track these updates. Since some studies found
that OSSs were the most efficient healthcare units [23] and
given the increasingly favorable environment towards public-
private partnerships, future studies should pay more attention
to the performance of this type of initiative. Despite these lim-
itations, the results are timely, measured at themost appropriate
unit of analysis, and based on a method that is widely used in
the efficiency literature.

Technical Efficiency Scale Efficiency 

Fig. 6 LISA cluster analysis of technical and scale inefficiencies, 2015. Source: CNES and SIH/SUS, 2015 [34, 35]. Note: * LISA clusters significance
level of 0.05
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