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Abstract

Background Brazil is a middle-income country that aims to provide universal health coverage, but its surgical

system’s efficiency has rarely been analyzed. In an effort to strengthen surgical national systems, the Lancet

Commission on Global Surgery proposed bellwether procedures as quality indicators of surgical workforces. This

study aims to evaluate regional inequalities in access to bellwether procedures and their associated mortality across

the five Brazilian geographical regions.

Methods Using DATASUS, Brazil’s national healthcare database, data were collected on the total amount of per-

formed bellwether procedures—cesarean section, laparotomy, and open fracture management—and their associated

mortality, by geographical region. We evaluated the years 2018–2020, both in emergent and elective conditions.

Statistical analysis was performed by one-way ANOVA test and Tukey’s multiple comparisons test.

Results During this period, DATASUS registered 2,687,179 cesarean sections, 1,036,841 laparotomies, and 648,961

open fracture treatments. The access and associated mortality related to these procedures were homogeneous between

the regions in elective care. There were significant geographical inequalities in access and associated mortality in

emergency care (p\ 0.05, 95% CI) for all bellwether procedures. The Southeast, the most economically developed

region of the country, was the region with the lowest amount of bellwether procedures per 100,000 inhabitants.

Conclusion Brazil’s public surgical system is competent at promoting elective surgical care, but more effort is

needed to fortify emergency care services. Public policies should encourage equity in the geographic allocation of the

surgical workforce.
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Introduction

Surgery-manageable diseases account for 28% of the glo-

bal disease burden [1]. Logically, a scale-up of a functional

surgical system could benefit a large portion of the global

population, potentially saving millions of lives that lack

access to surgical procedures. In this regard, the Lancet

Commission on Global Surgery (LCoGS) was established

with the goal of integrating surgery into the global health

agenda, promoting political change, and defining scalable

solutions for providing quality surgery to all [2]. The

LCoGS stated that access to bellwether procedures could

serve as a quality indicator for surgical systems.

Bellwether procedures can be defined as a group of

operations that have been identified as markers of a

healthcare system’s capability to provide essential and

emergency surgical care [3]. They are composed of three

surgical procedures, which are cesarean section (CS), a

procedure in which the baby is delivered through an inci-

sion in the abdominal wall and the uterus [4]; laparotomy,

an open procedure used to treat a wide range of surgically

manageable diseases such as penetrating abdominal inju-

ries and acute abdomen [5]; and treatment of open bone

fractures, injuries in which the body’s protective skin

barrier has been broken and the potential for contamination

is high [6]. Previous research found that the ability to

perform bellwether procedures was strongly linked to the

ability to perform all obstetric, general, basic, emergency,

and orthopedic procedures in low and middle-income

countries [7].

Brazil is a developing Latin-American country that

aspires to provide universal health coverage through Sis-

tema Único de Saúde (SUS) or Unified Health System. This

system is based on the principles of comprehensiveness,

equality, and universality, with a strong emphasis on pri-

mary care [8]. Providing equal access to SUS is a major

challenge for the public healthcare system, given that the

country comprises five geographical regions with distinct

socioeconomic and historical backgrounds [9]. In fact,

Brazil was the world’s most unequal country in the 1980s,

and this regional inequality became more evident in his-

torically excluded regions of the country, such as the

Northeast, Midwest, and the North, where the supply of

health services is lower than in the South and Southeast

regions. In those three regions, health facilities are usually

located at a greater distance, making it difficult to access

surgical care [9].

The primary goal of this study was to assess regional

differences in access to bellwether procedures between the

five Brazilian geographical regions, both in emergency and

elective scenarios. We also assessed the associated mor-

tality related to these procedures. As a result, we intend to

evaluate the quality of the Brazilian public surgery system

and guide future public policies to improve it.

Material and methods

The total number of bellwether procedures (CS, laparo-

tomy, and open fracture management) performed and their

associated mortality for all patient admissions in Brazil’s

public hospitals were collected in the period 2018–2020,

both in emergent and elective conditions. These data were

compared between the five Brazilian geographical regions:

Midwest, North, Northeast, South, and Southeast.

Source of data

The data of this study were collected from DATASUS, a

national, open-access database organized and funded by the

federal government that contains aggregate data from the

Hospital Information System (SIH). In this system, indi-

vidual hospitals submit a monthly formal report that con-

templates a variety of diagnostic and procedural statistics.

SIH collects information on 60–70% of hospital admissions

in the country within the Unified Health System [3]. These

data do not include private healthcare information, for

which approximately 28.5% of the population is covered

[10].

Data about the number of bellwether procedures and

their associated mortality, between 2018 and 2020 per

Brazilian geographical region, were collected in elective

and emergent contexts. The unique procedure-related codes

used to access data on bellwether procedures in DATASUS

were the same as cited in a previous study [3]. Microsoft

Excel 365 was used to tabulate data and construct a fig-

ure summarizing results for Brazilian regions (Fig. 1).

Given the differences in population between the five

Brazilian geographical regions and the biases that it could

represent in the research, the results regarding the total

annual number of procedures and associated mortality were

divided by the total population of the region in 2021,

according to Brazilian Institute of Geography and Statistics

[11], which is the country’s most important source of

demographic data. Following, the mean amount for each

bellwether procedure per 100,000 inhabitants in each

region, both in elective and emergent contexts, and the

associated mean mortality rate, between the years 2018 and

2020, were calculated. The standard deviations of the

means were also assessed.

Statistical analysis

Statistical analyses were performed using the statistical

program GraphPad Prism version 8.0.0 (GraphPad
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Software, California, USA). Since the total number of

procedures per region and associated death rate between

2018 and 2020 were normally distributed according to the

D’Agostino-Pearson normality test (p[ 0.05), analysis of

variance was performed by one-way ANOVA and Tukey’s

multiple comparisons tests. We considered a 95% confi-

dence interval. Differences in data that reached p\ 0.05

were considered statistically significant.

Results

Cesarean section

Of the 2,687,179 procedures reported, 4.5% (121,046) were

elective, and 95.5% (2,566,133) were emergencies. In

terms of mortality, 1232 deaths were reported, with 3.09%

(38) occurring during elective and 96.91% (1194) occur-

ring during emergency procedures. Figure 1 synthesizes

the mean results in mortality and amount of procedures,

Fig. 1 Regional inequalities in access and mortality rate related to bellwether procedures in Brazil. The color gradient represents the mean

amount of procedures between 2018 and 2020, per 100,000 inhabitants, with the darkest shade corresponding to the highest registered number.

The gray circles represent the mean mortality rate during the same period, per 100,000 inhabitants, and their sizes are proportional to the

registered value

World J Surg (2023) 47:593–599 595

123



both in elective and emergent contexts on the period, for all

the bellwether procedures.

Regarding elective procedures, there were no differ-

ences in access (Fig. 2) and associated mortality (Fig. 3)

between the five Brazilian geographical regions (p[ 0.05).

Relating to emergency procedures, all Brazilian regions

presented inequalities in access, as presented in Fig. 4.

Associated mortality in emergencies also presented dif-

ferences between the regions as shown in Fig. 5.

Concerning the mean amount of CS performed in the period,

the Southeast region was the region that less performed this

procedure both in elective and emergency contexts. In elective,

the Midwest region was the region that most performed this

procedure, 44.83% higher than the Southeast, and in emer-

gency, the North was the region that most performed this

procedure, 60.89% higher than the Southeast.

Related to the associated mortality of CS, in elective,

Midwest was the region with the highest mortality,

331.45% higher than the Northeast, the region with the

lowest mortality. In emergency, the North had the highest

mortality rate, 193.98% higher than the South, which had

the lowest.

Laparotomy

Of the 1,036,841 procedures reported, 37.5% (388,785)

were elective procedures and 62.5% (648,056) emergency

procedures. In total, 29,169 deaths were reported in the

period, including 10.03% (2,924) during elective proce-

dures and 89.97% (26,245) during emergencies.

There were no differences in access and associated

mortality in elective laparotomy procedures between the

five Brazilian geographical regions, and just one compar-

ison, South versus Midwest, presented a statistically sig-

nificant difference (p\ 0.05) in associated mortality

(Fig. 3). Concerning emergency procedures, there were

significant inequalities both in access (Fig. 4) and mortality

(Fig. 5).

In terms of the mean amount of laparotomies performed

during the period, the lowest amount was registered for the

Southeast, and the highest for the South, both in elective

and emergency contexts (76.52% and 48.55% higher than

the Southeast, respectively).

In elective laparotomies, associated mortality was found

to be significantly higher in the South region, 59.23%

higher than in the Midwest, with the lowest mortality. In

emergencies, again, the South was the region with the

highest mortality, 95.31% superior to the North, the region

with the lowest mortality.

Treatment of open bone fractures

In the period of 2018–2020, 648,961 open fracture man-

agements were reported in DATASUS, which included

Fig. 2 Mean amount of elective

procedures per 100,000

inhabitants between 2018 and

2020. Error bars indicate the

standard deviation (SD). ‘‘*’’

represents the statistically

significant difference (p\ 0.05)

unless otherwise noted.

a Cesarean sections.

b Laparotomies. c Open fracture

management

Fig. 3 Mean associated

mortality of elective procedures

per 100,000 inhabitants between

2018 and 2020. Error bars

indicate the standard deviation

(SD). ‘‘*’’ represents the

statistically significant

difference (p\ 0.05) unless

otherwise noted. a Cesarean

sections. b Laparotomies.

c Open fracture management
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12.98% (84,217) elective procedures and 87.02%

(564,744) emergency procedures. Concerning mortalities

reported in this period, 5467 deaths were reported, 4.7%

(257) in elective and 95.3% (5,210) in emergency

procedures.

There were no differences in access and associated

mortality in elective open fracture procedures between the

five regions (p[ 0.05), except when comparing the access

between the South and Midwest regions (Fig. 2) and the

associated mortality between the Southeast and Midwest

regions (Fig. 3). However, there were significant differ-

ences both in access (Fig. 4) and mortality (Fig. 5) related

to emergency procedures, although associated mortality

showed more statistically significant differences than

access.

Concerning the mean amount in the period, in elective,

the North region performed the procedure most, 78.8%

higher than the Midwest, region with the lowest amount.

Interestingly, in the emergency context, the scenario was

opposed: the Midwest was the region that most performed

this procedure, 90.02% higher than the North.

Related to the associated mortality, in elective, the

Southeast was the region with the highest mortality,

216.9% higher than the Midwest, the region with the

lowest mortality. In emergency, the South was the region

with the highest mortality, 259.73% higher than the North,

the region with the lowest number.

Discussion

In this work, we used the Brazilian public health database

to evaluate differences in access and mortality rate related

to bellwether procedures between the five Brazilian geo-

graphical regions, as these indicators represent the quality

of the entire public surgical system. Our findings are

important because it was found that while Brazil’s elective

environment may be effective at promoting surgical care,

Fig. 4 Mean amount of

emergency procedures per

100,000 inhabitants between

2018 and 2020. Error bars

indicate the standard deviation

(SD). ‘‘*’’ represents the

statistically significant

difference (p\ 0.05) unless

otherwise noted. All

comparisons were statistically

significant. a Cesarean sections.

b Laparotomies. c Open fracture

management

Fig. 5 Mean associated

mortality of emergency

procedures per 100,000

inhabitants between 2018 and

2020. Error bars indicate the

standard deviation (SD). ‘‘*’’

represents the statistically

significant difference (p\ 0.05)

unless otherwise noted.

a Cesarean sections.

b Laparotomies. c Open fracture

management
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more has to be done to increase access and reduce mortality

related to urgent procedures.

In addition to our main findings, we noticed that, despite

having the highest surgical workforce density in the country

[12], the Southeast region had the lowest mean amount between

the three bellwether procedures per 100,000 inhabitants. It was

an unexpected result because of the great proportion of aca-

demic surgical programs in this region [13]. This result could be

explained by not evaluating the private practice since DATA-

SUS represents hospital information regarding the public sec-

tor. 37.5% of the health insurance coverage in 2019 was

concentrated in the Southeast region, and these unexpected

findings may be due to a greater effect of the private sector in

this region [10].

The key point of our work is that, despite the existence of

a national healthcare system, regional variations are a major

contributor to health inequalities in the country. For exam-

ple, in laparotomy data, the South was the region that most

performed this procedure in elective and urgent contexts.

This region performed 25.06% more laparotomies by pop-

ulation than the Northeast, one of the poorest regions of the

country, during the period evaluated. It can be related to the

fact that exploratory laparotomies are high-risk and costly

procedures that demand strong healthcare structures [14],

which suggests that the differences observed between these

two regions can be due to economic and social factors.

Additionally, emergency laparotomies had the highest

mortality among the procedures analyzed in this study. It

supports prior findings of other works that also observed high

mortality and morbidity associated with laparotomies in

emergencies [15, 16]. The South’s highest mortality rate

associated with this procedure, both in emergency and elec-

tive contexts, can be due to the high surgical volume regis-

tered, but more work is needed to understand this result.

The treatment of open fractures is considered an orthopedic

emergency due to the risk of contamination and death. The

management of these fractures is challenging in the context of

trauma care, and there are still controversies regarding its

optimal timing [17]. Most of the current literature supports that

the surgical treatment of open fractures should be done under

urgent circumstances [18]. Our findings reveal that the surgical

management regimen for open fractures in Brazil is following

most of the current literature, with 87.02% of these procedures

being performed as emergencies.

Based on CS data, we determined that the North, one of

Brazil’s poorest regions, was the one that most performed this

procedure in the emergency context. The difference in rates of

CS compared with the other regions could be explained by the

demographic and social context of the North, where there is low

coverage of public health services [9], resulting in poor prenatal

care and compromising the detection of early maternal–fetal

disorders that contraindicate vaginal delivery, which increases

CS in an emergency scenario. This region also has the highest

mortality in emergency CS, which may also be related to the

difficulty of accessing medical services. In addition, the defi-

ciency in health professionals and adequate structure to assist

vaginal delivery, often demanding more time and staff, can lead

to an indiscriminate amount of CS without strong clinical

indication [19]. Despite CS representing a medical advance-

ment, given its potential to save lives and avoid complications

[20], there is an excess of the procedure in medical practice. In

Latin America and the Caribbean, a study on CS rates in 150

countries showed that 40.5% of births occur by CS, reaching

55.6% in Brazil [19]. It represents a sociocultural problem

because of the association of this procedure with increased risk

to the health of the mother and the newborn [20].

The major limitation of this work, as an epidemiological

study, is that it is necessary to consider reporting bias and the

consequent distortion of data due to underreporting or

reporting error, which is more common to occur in the North

and Northeast of Brazil than in other regions [21]. Another

limitation of our study is the emphasis placed on the public

healthcare system, even though private insurance covers

28.5% of the population [10]. Regardless, our findings

referred to a system that any Brazilian can access at any time

and for free across the five Brazilian geographical regions.

Also, this study includes the year 2020 in the analysis, which

is recognized by the COVID-19 international outbreak that

impacted the Brazilian public health system. Previous studies

show that there was a huge backlog in the delivery of elective

operations during this year in Brazil, although health state-level

policies were effective in ensuring minimal reductions in the

delivery of emergent surgeries [22]. Our data about laparo-

tomies and treatment of open bone fractures, available in

Online Resource 1, are in accordance with these previous

results, as we can see a decrease in the total number of elective

procedures per 100,000 inhabitants in the year 2020.

Despite these limitations, this study utilized statistical

techniques to conduct a detailed analysis of public data and

provides an evaluation of regional surgical inequalities in

Brazil. The access and associated mortality to the three bell-

wether procedures were described in this country for the first

time, and the findings of this study have significant implications

for the overall improvement of the public healthcare system.

Conclusion

Identifying access gaps is critical for evaluating barriers to

providing equal surgical care. The current study highlights

large geographical differences in emergency procedures,

raising concerns about universality and equity, two of the

guidelines of the Brazilian National Public Healthcare

System [8]. Beyond differences in access, our results could

reflect differences in practice, workforce, and the economic

development of the Brazilian regions. In light of these
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findings, there is an urgent need to identify the origin of

these differences and to solve them to overcome inequality

in surgical care in Brazil. We hope that this research may

contribute to the development of public policies that will

improve surgical access across the country, benefiting

especially those who cannot afford healthcare insurance.
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