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a b s t r a c t 

Background: The impact of public health policy to reduce the spread of COVID-19 on access to surgical 

care is poorly defined. We aim to quantify the surgical backlog during the COVID-19 pandemic in the 

Brazilian public health system and determine the relationship between state-level policy response and 

the degree of state-level delays in public surgical care. 

Methods: Monthly estimates of surgical procedures performed per state from January 2016 to December 

2020 were obtained from Brazil’s Unified Health System Informatics Department. Forecasting models us- 

ing historical surgical volume data before March 2020 (first reported COVID-19 case) were constructed to 

predict expected monthly operations from March through December 2020. Total, emergency, and elective 

surgical monthly backlogs were calculated by comparing reported volume to forecasted volume. Linear 

mixed effects models were used to model the relationship between public surgical delivery and two 

measures of health policy response: the COVID-19 Stringency Index (SI) and the Containment & Health 

Index (CHI) by state. 

Findings: Between March and December 2020, the total surgical backlog included 1,119,433 (95% Confi- 

dence Interval 762,663–1,523,995) total operations, 161,321 (95%CI 37,468–395,478) emergent operations, 

and 928,758 (95%CI 675,202–1,208,769) elective operations. Increased SI and CHI scores were associated 

with reductions in emergent surgical delays but increases in elective surgical backlogs. The maximum 

government stringency (score = 100) reduced emergency delays to nearly zero but tripled the elective 

surgical backlog. 

Interpretation: Strong health policy effort s to contain COVID-19 ensure minimal reductions in delivery 

of emergent surgery, but dramatically increase elective backlogs. Additional coordinated government ef- 

forts will be necessary to specifically address the increased elective backlogs that accompany stringent 

responses. 

© 2021 The Author(s). Published by Elsevier Ltd. 
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Research in context 

Evidence before this study 

The COVID-19 pandemic has significantly disrupted sur- 
gical care systems worldwide, causing a growing backlog of 
surgical procedures at national level. In many countries, in- 
cluding Brazil, access to emergent surgery was reduced due 
to shifts in health system capacity and elective surgeries 
were postponed in order to increase medical resources avail- 
able for COVID-19 patients. Previous work has demonstrated 

increased surgical mortality among patients with COVID-19 
and guided international consensus to delay elective surgery, 
however, the impact of strong government policy on access to 
emergent care has not been studied. Models of global surgical 
backlog have been published; nonetheless more robust sub- 
national estimates on surgical backlogs that identify the re- 
ductions in both emergent and elective surgery may be useful 
for guiding government policy to expand surgical care during 
a surge. 

Added value of this study 

Our research utilizes subnational data combined with a 
modeling approach to quantify the backlog of surgical op- 
erations in public Brazilian hospitals at the state level. We 
found broad variation in surgical backlogs at the subnational 
level. Furthermore, increased Stringency Index and Contain- 
ment and Health Index scores were associated with reduc- 
tions in emergent surgical delays, while maximum govern- 
ment stringency ensured minimal delays in emergent surgery 
but results in a tripling of elective surgical backlog compared 

with minimal stringency. 

Implications of all available evidence 

As a result of the pandemic, over a million surgical pro- 
cedures have been delayed or canceled in Brazil’s public 
health system with the elective surgical backlog reaching 
over 90 0,0 0 0 cases. Stricter government policy responses are 
associated with reductions in delayed emergent surgery, but 
large increases in elective surgical backlogs. Our findings sug- 
gest that stringent effort s to reduce COVID-19 spread will be 
associated with reduced delays and cancellations for emer- 
gent surgery but will require coordinated government efforts 
to expand surgical care to overcome elective backlogs. Future 
work is needed to understand if stricter implementation of 
policy measures results in a more rapid return to expected 

surgical volume. 

. Introduction 

The Coronavirus Disease (COVID-19) pandemic has significantly 

isrupted surgical care systems worldwide, with an estimated 28 

illion surgical procedures canceled within the first 12 weeks of 

he pandemic, [1] and caused a dramatic reduction in surgical ser- 

ices, but further investigation is required to study the effects 

f these delays on population health.[ 2 , 3 ] As healthcare systems 

repare to tackle the backlog of surgical cases generated by the 

andemic, more data is needed to understand the extent of the 

acklog, guide the formulation of robust recovery plans, and min- 

mize the potential public health impacts of canceled and post- 

oned surgeries. [4] Previous studies indicated that upper-middle- 

ncome countries are expected to sustain the highest cancelation 

umbers. [1] 

Government policy responses to the pandemic have been var- 

ed across the globe. [5] Robust governmental policy interven- 

ions have been shown to significantly reduce the incidence of 
2 
OVID-19 cases and mortality. [6] The Oxford COVID-19 Govern- 

ent Response Tracker was designed to track government re- 

ponse through two core indicators: Containment and Health In- 

ex, a combination of lockdown restrictions with measures such 

s testing policies, vaccines, health care investments, and contact 

racing; and Stringency Index, which expresses the strictness of 

ockdown policies. [7] 

In Brazil, the high number of cases has contributed to the emer- 

ence of novel strains that further complicated public health mea- 

ures to control the outbreak, while vaccination rates continued at 

 slow pace. [8] The Brazilian unified health system (Sistema Único 

e Saúde - SUS) is decentralized, following a tri-level administra- 

ion at municipality, statal, and national. In April 25, 2020, despite 

n attempt of the federal government to centralize power during 

he pandemic, the Brazilian Supreme Court ruled that healthcare 

elivery would remain decentralized which has resulted in wide 

ariation in local policy towards the pandemic. [9] The wide re- 

ional variation in responses to the pandemic offers an opportu- 

ity to better understand how local strategies adopted to contain 

OVID-19 incidence impacts the delivery of surgical care. 

Although several national and international studies have high- 

ighted the large number of canceled elective surgical operations 

nd growing surgical backlog, few studies focused on examining 

he association of the surgical backlog with COVID-19 national 

olicies or impact of local resources for monitoring, assessment, 

nd self-evaluation, and other context-related confounders.[ 1 , 10–

2 ] Granular understanding of the extent of unperformed surgi- 

al cases at subnational level is necessary to guide policymakers as 

hey plan for the surgical system expansion in order to respond to 

acklogs. Furthermore, an improved understanding of the impact 

f strategies to control COVID-19 on surgical backlogs may assist 

ountries to direct future responses to surgical system changes. 

This study aims to quantify the surgical backlog as a result of 

he COVID-19 pandemic in the Brazilian public health system and 

etermine the relationship between both the COVID-19 Stringency 

ndex and the Containment and Health Index and the degree of 

tate-level delays in emergency and elective public surgical care. 

. Methods 

.1. Data sources 

Monthly data on the number of operations performed in Brazil- 

an public hospitals by state between January 2016 and December 

020 was obtained from Brazil’s SUS Health System Informatics 

epartment, known as DATASUS. This database-reporting system 

equires hospitals funded under Brazil’s Federal health plan, which 

epresents 60–70% of all hospital admissions, to submit monthly 

eports on various diagnostic and procedural statistics, including 

nformation on procedures performed. Regarding data validity, the 

uality of the SUS database has been found to have good and ac- 

urate representative reporting of public health settings, and has 

een used in numerous previous studies [13–15] . Any procedure 

oded as procedure group 04: Surgical procedures, was included 

n the study. Further classification codes in DATASUS for elective 

r emergent procedures were used to further subset surgical oper- 

tions. 

Data on the daily number of confirmed COVID-19 cases, as well 

s daily Stringency Index and Containment and Health Index were 

btained from the Oxford COVID-19 Government Response Tracker 

OxCGRT). The OxCGRT is a large, multi-country collaboration that 

ncludes 19 policy indicators covering closure and containment, 

ealth and economic policies. The Stringency Index records the 

trictness of ‘lockdown style’ policies that primarily restrict peo- 

le’s behavior, while the Containment and Health Index combines 

lockdown’ restrictions and closures with measures such as testing 
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Fig. 1. The monthly total, emergent, and elective operations performed in Brazil from January 2016 to January 2021. The monthly total, emergent, and elective operations 

performed in Brazil from January 2016 to January 2021. This Figure. depicts the number of operations over time and shows a dramatic decrease in operations in 2020. 
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s

olicy and contact tracing, short term investment in healthcare, as 

ell investments in vaccine [7] . Daily data for each state were ob- 

ained from the Oxford COVID-19 Government Response Tracker 

OxCGRT) and monthly averages for each Index were calculated. 

ee Appendix 1 for a complete list of data used in this study. 

.2. Estimate of surgical backlog 

To estimate the surgical backlog for each state, we first esti- 

ated the expected number of monthly operations that would be 

erformed for each state in Brazil’s public hospitals between March 

020 and December 2020. We used March 1, 2020, as the start 

ate for impact from the COVID-19 pandemic based on the first 

eported cases in late February [16] . We used historical data on 

urgical volume from January 2016 through March 2020 to con- 

truct Autoregressive Integrated Moving Average (ARIMA) models 

or each state. ARIMA models use time series data to predict fu- 

ure trends based on the historical trend. For each model, we de- 

ermined the optimal specification and parameter estimation us- 

ng an automated selection process that optimizes for the lowest 

kaike information criterion (AIC) score [17] . We then utilized each 

odel to forecast the number of monthly operations that would 

e expected to be performed for each month between March and 

ecember 2020 and finally, we compared these numbers to the re- 

orted number of operations in DATASUS. Point estimates and 95% 

onfidence intervals were reported. We repeated this procedure 

or both emergent operations and elective operations. We defined 

mergent surgical delays as reductions in the number of emergent 

perations as these represent emergent operations that were not 

erformed due to fewer patients able to seek surgical care or lack 

f operative capacity for those who do. We defined the elective 

urgical backlog as the total decrease in elective surgical operations 

s these operations represent those that may be performed in the 

uture. Relationship of Surgical Volume and COVID-19 Health Pol- 

cy. 

We used Poisson generalized linear mixed models with random 

tate and month level effects to model the longitudinal relation- 
3 
hip between delays in emergent surgical care and the size of the 

lective surgical backlog and each of the policy indices (Stringency 

ndex and the Containment and Health Index). The primary out- 

ome was the total surgical backlog (number of cases). Two models 

ere constructed for each type of surgical backlog (total, emergent 

nd elective). For each of these outcomes, one of the two indexes 

as included (Stringency and Containment and Health Index).Each 

ndex is a scaled unitless score from 0 to 100. Each model in- 

luded the log transformed index with an offset term for the total 

umber of operations performed in each state. We also adjusted 

or the population adjusted number of confirmed COVID-19 cases 

cases per 100k population) as reported by the OxCGRT in order 

o account for differences in the effectiveness of the government 

olicies introduced to reduce transmission. The final models were 

hecked for overdispersion based on the residual deviance and de- 

rees of freedom. We then calculated estimated marginal means in 

rder to estimate the degree of backlog associated with each index 

core. 

All analyses were conducted in R v4 • 03. Linear mixed-effects 

odels were fitted using the “lme4” package. Maps were con- 

tructed using the program ArcGIS Pro (version 2 • 6). The country 

hapefile was obtained from the ArcGIS online repository. Equal 

uantiles were used to subdivide the population-adjusted surgical 

acklog per state. 

This study was not considered human subject research and was 

xempt from requiring IRB approval. All data used for this study 

s open source country-level data. All estimates were summarized 

ccording to the Guidelines for Accurate and Transparent Health 

stimates Reporting (GATHER) statement [18] . 

Role of the Funding Source: All authors had full access to all the 

ata and accepted responsibility to submit for publication. There 

as no sponsor or funding for this research. 

. Results 

A total of 4996,963 operations were performed in Brazil’s SUS 

ystem in 2019 compared to a total of 4038,321 in 2020. In 2019, 



P. Truche, L.N. Campos, E.B. Marrazzo et al. The Lancet Regional Health - Americas 3 (2021) 10 0 056 

Table 1 

Brazilian Surgical Population-Adjusted Backlog per 10 0,0 0 0 by Region. 

Region 

Total Backlog 

Total Emergent Elective 

Midwest 65,705(30,472–114,123) 15,803(1097–47,846) 49,327(30,017–69,979) 

North 70,398(32,588–115,454) 25,118(10,985–53,901) 34,774(11,236–69,508) 

Northeast 281,355(177,829–411,413) 47,693(9585–123,875) 224,120(145,164–315,719) 

South 209,229(147,171–271,446) 25,596(5064–62,057) 186,373(145,549–228,113) 

Southeast 492,746(374,603–611,560) 47,110(10,737–107,799) 434,164(343,237–525,449) 

Total 1119,432 (762,663 - 1523,996 161,329(37,468–395,478) 928,758(675,203–1208,768) 

Backlog = Delayed surgical interventions (or cases). Data are presented in number (95% Confidence Interval). 
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he total number of emergent operations performed was 2844,255 

hich dropped to a total of 2736,264 in 2020. A total of 2089,807 

lective procedures were performed in 2019 which dropped to 

244,433 in 2020 ( Fig. 1 ). This corresponds to a 19% reduction in

otal surgical volume, 4% reduction in emergency volume, and 40% 

eduction in elective volume. 

Between March 2020 and December 2020, the total surgi- 

al backlog included 1119,433 (95% Confidence Interval 762,663–

523,995) total operations, 161,321 (95% CI 37,468- 395,478) emer- 

ent operations and 928,758 (95% CI 675,202–1208,769) elective 

perations. The total backlog of 1119,433 cases represents 22% of 

otal cases, 6% of emergent cases and 69% of elective cases that 

ere expected to be performed in 2020 ( Fig. 2 ). 

All five regions developed surgical backlogs in 2020. Regionally 

he total surgical backlog ranged from 492,746 (95% CI 374,603–

11,560) to 281,355 (95% CI 177,829–411,413). The Northeast and 

outheast regions experienced the largest number of delayed or 

anceled emergent surgeries: 47,693 (95% CI 9585–123,875) in the 

ortheast region and 47,110 (95% CI 10,737–107,799) in the South- 

ast region ( Table 1 ). 

Population adjusted backlogs were highest in the South at 

93 (95% CI 147,171–271,446) procedures per 10 0,0 0 0 followed by 

outheast 554 (95% CI 374,603–611,560), Northeast 490 (95% CI 

77,829–411,413), Midwest 398 (95% CI 30,472–114,123), and North 

77 (95% CI 32,588–115,454) ( Fig. 3 ). 

At the state level, the mean backlog was 41,460 (SD 55,052) to- 

al cases. The mean emergent backlog was 5975 (SD 5250), and 

ean elective backlog was 34,398 (SD 49,955). The total number of 

anceled operations ranged from 740 (0–3973) in Acre to 265,641 

211,202–320,081) in São Paulo ( Table 2 ; Appendix 2). 

Increases in the Stringency Index were associated with re- 

uced total surgical backlogs [incident rate 0 • 84 (95% CI 0 • 82–

 • 87), P < 0 • 001], and reduced delays in emergent surgical de-

ivery [IRR 0 • 52 (0 • 48–0 • 56), P < 0 • 001], but increased elec-

ive surgical backlogs [1 • 22 (95% CI 1 • 17–1 • 27), P < 0 • 001]. In-

reases in the Containment and Health Index were also associ- 

ted with reduced total surgical backlogs [0 • 97 (95% CI 0 • 94–1 • 01),

 = 0 • 141], reduced emergent surgical backlog [0 • 64 (95% CI 0 • 59–

 • 69), P < 0 • 001], and increased elective backlogs [1 • 11 (95% CI

 • 07–1 • 16), P < 0 • 001]. Increasing number of COVID-19 cases was

ssociated with increases in both delayed emergent surgical care 

nd elective backlogs ( Table 3 ). 

At the maximal Stringency Index (score = 100) or maximal 

ontainment and Health Index (score = 100) there are nearly zero 

elays in emergent surgical care, but an average increase in 30 0 0 

tate-level elective operations per month ( Fig. 4 ). 

A sensitivity analysis was performed using historical data from 

016 through 2018 to predict total monthly surgical volume for 

019 using the same Arima methodology used for surgical backlog 

stimation. Predicted values had an average error of 1.7% and all 

onths were within the 95% confidence interval of our predictive 

nterval (Appendix 3). 
c

4 
. Discussion 

The COVID-19 pandemic has resulted in a global reduction in 

urgical delivery due to significant delays and cancellations of both 

lective and emergent surgical procedures leading to a large back- 

og of cases. Our findings suggest that since March 2020, when the 

rst case of COVID-19 was reported, 1119,433 fewer total opera- 

ions were performed than expected across Brazil’s public health 

ystem. The 161,321 fewer emergent operations performed rep- 

esent potential reductions in access to emergent surgical care, 

nd the 928,758 fewer elective operations make up a consider- 

ble backlog that may take years to resolve and likely will re- 

ult in delayed treatment for a variety of surgically amenable con- 

itions. Furthermore, increases in COVID-containment policies in- 

reased the delivery of emergent surgical procedures, but nearly 

ripled elective backlogs. This suggests that these local policies may 

llow emergent surgical care to remain available, but also drive 

arger elective backlogs. These results highlight the importance 

f maintaining COVID-19 management policies that are evidence- 

riven and in accordance with local resources in order to ensure 

ptimal access to emergent surgical care while also preparing for 

arger elective surgical backlogs. 

At the beginning of the pandemic, multinational collaborative 

tudies offered guidance on how countries’ surgical backlogs would 

e managed, in an attempt to coordinate systemic and interdis- 

iplinary strategies to mitigate the burden of this public health 

mergency [10] . High income countries such as England, Canada, 

nd the United States have been forecasting on the building back- 

og and sharing possible plans to tackle this crisis. In England 

or instance they calculate a backlog of 1 20 0 0 0 0 cases over

 3 month period [12] . In Ontario, Canada, they calculated be- 

ween March 15th and June 13th of 2020, resulting in an esti- 

ated backlog of 148 364 surgeries [19] . In the United States look- 

ng into elective orthopedic surgery lenses, they estimate a cu- 

ulative backlog of approximately 1 million orthopedic surgical 

ases. In addition, they speculate that it would take around 7 to 16 

onths for the system to be able to perform 90% of the expected 

re-pandemic forecasted volume [20] . Despite this joint effort, few 

tudies have focused on the current surgical backlog in LMICs, a 

roup of countries that, prior to the pandemic, were most affected 

y lack of access to timely and safe surgical, obstetric, anesthe- 

ia, and trauma care. Understanding that each nation’s response to 

he surgical backlog will be tailored to their specific needs and re- 

ional differences, our study exemplifies how local data coupled 

ith modeling can be used to identify gaps, provide comprehen- 

ive analysis, and allow for policy recommendations for develop- 

ng a plan to begin to address the surgical backlog caused by the 

andemic. 

In Brazil, the National Health Agency, with the support of 

he country’s surgical societies, recommended postponing elective 

urgeries on March 25th, [21] authorizing resuming procedures 

n June 7th, 2020 [22] . These measures were necessary to in- 

rease medical resources available for COVID-19 infected patients 
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Table 2 

Brazilian surgical backlog and population-adjusted backlog (per 10 0,0 0 0) by State. 

State Estimated 

Population in 

2020 

Number of Delayed Cases (95% CI) 

Total Emergent Elective 

Backlog Population Adjusted 

Backlog (per 100k 

population) 

Backlog Population Adjusted 

Backlog (per 100k 

population) 

Backlog Population Adjusted 

Backlog (per 100k 

population) 

Acre 894,470 740 (0–3973) 83 (0–444) 291 (0–1603) 33 (0–179) 478 (0–3236) 53 (0–361) 

Alagoas 3351,543 15,806 (9014–24,482) 472 (268–730) 3370 (1039–6968) 101 (31–207) 15,560 

(10,974–20,517) 

464 (327–612) 

Amapá 861,773 2997 (817–5834) 348 (94–677) 1277 (117–3518) 148 (13–408) 2109 (966–3287) 245 (112–381) 

Amazonas 4207,714 12,279 (5231–20,031) 292 (124–476) 3567 (471–9242) 85 (11–219) 8389 (4190–12,764) 199 (99–303) 

Bahia 14,930,634 95,874 

(71,540–120,207) 

642 (479–805) 10,191 (378–27,823) 68 (2–186) 75,025 

(54,935–95,116) 

502 (367–637) 

Ceará 9187,103 29,589 

(12,432–52,438) 

322 (135–570) 7501 (839–17,717) 82 (9–192) 22,779 (7991–39,209) 248 (86–426) 

Distrito Federal 3055,149 9600 (0–32,035) 314 (0–1048) 4886 (0–19,726) 160 (0–645) 6956 (2320–12,726) 228 (75–416) 

Espírito Santo 4064,052 34,319 

(21,507–47,802) 

844 (529–1176) 447 (0–5083) 11 (0–125) 28,173 

(21,209–35,496) 

693 (521–873) 

Goiás 7113,540 25,115 

(13,878–36,352) 

353 (195–511) 5347 (29–15,065) 75 (0.407–211) 13,481 (6864–20,305) 190 (96–285) 

Maranhão 7114,598 20,592 (6270–50,385) 289 (88–708) 8467 (1363–24,166) 119 (19–339) 12,558 (3988–29,868) 177 (56–419) 

Mato Grosso 3526,220 14,575 (8740–20,410) 413 (247–578) 4185 (750–9015) 119 (21–255) 12,054 (8339–15,768) 342 (236–447) 

Mato Grosso Do Sul 2809,394 16,414 (7853–25,326) 584 (279–901) 1385 (318–4039) 49 (11–143) 16,837 

(12,493–21,180) 

599 (444–753) 

Minas Gerais 21,292,666 113,936 

(86,684–141,188) 

535 (407–663) 13,235 (5652–24,305) 62 (26–114) 102,958 

(78,946–126,970) 

484 (370–596) 

Pará 8690,745 33,320 

(17,718–49,696) 

383 (203–571) 10,500 (5351–19,889) 121 (61–228) 13,651 (4256–26,910) 157 (48–309) 

Paraíba 4039,277 17,161 

(11,657–22,665) 

425 (288–561) 94 (0–5163) 2 (0–127) 13,869 (9214–18,523) 343 (228–458) 

Paraná 11,516,840 102,255 

(78,906–125,603) 

888 (685–1090) 14,529 (5064–26,578) 126 (43–230) 91,529 

(75,477–107,581) 

795 (655–934) 

Pernambuco 9616,621 60,100 

(48,155–72,044) 

625 (500–749) 12,120 (4657–20,568) 126 (48–213) 47,536 

(37,314–57,758) 

494 (388–600) 

Piauí 3281,480 21,292 

(10,246–32,344) 

649 (312–985) 4415 (1309–8588) 135 (39–261) 15,270 (8611–21,929) 465 (262–668) 

Rio de Janeiro 17,366,189 78,850 

(55,211–102,489) 

454 (317–590) 13,503 (1021–34,624) 78 (5–199) 61,471 

(46,128–76,815) 

354 (265–442) 

Rio Grande do Norte 3534,165 14,662 (6911–23,789) 415 (195–673) 1102 (0–7983) 31 (0–225) 12,374 (6475–19,609) 350 (183–554) 

Rio Grande do Sul 11,422,973 48,040 

(28,279–67,960) 

421 (247–594) 5585 (0–17,906) 49 (0–156) 46,779 

(36,796–57,678) 

410 (322–504) 

Rondônia 1796,460 6638 (1857–12,263) 370 (103–682) 2481 (342–6699) 138 (19–372) 3940 (0–12,396) 219 (0–690) 

Roraima 631,181 1950 (22–4932) 309 (3–781) 737 (0–2887) 117 (0–457) 1243 (0–2715) 197 (0–430) 

Santa Catarina 7252,502 58,934 

(39,986–77,882) 

813 (551–1073) 5481 (0–17,573) 76 (0–242) 48,064 

(33,276–62,853) 

663 (458–866) 

São Paulo 46,289,333 265,641 

(211,202–320,081) 

574 (456–691) 19,925 

(4064–43,787) 

43 (8–94) 241,562 

(196,955–286,169) 

522 (425–618) 

Sergipe 2318,822 6280 (1604–13,059) 271 (69–563) 433 (0–4899) 19 (0–211) 9149 (5662–13,191) 395 (244–568) 

Tocantins 1590,248 12,473 (6944–18,725) 784 (436–1177) 6265 (4704–10,064) 394 (295–632) 4965 (1824–8199) 312 (114–515) 

Backlog = Delayed surgical interventions (or cases). Data are presented in number (95% Confidence Interval). 
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Fig. 2. Expected vs performed operations during the COVID-19 pandemic in Brazil for A) total, B) emergent, and C) elective operations. ARIMA models of surgical procedures 

in Brazil for A) total, B) emergent, and C) elective operations. Solid black represents historical data, dashed line represents true surgical operations between January 2016 and 

January 2021. Light grey (90%), and dark grey (95%) represent confidence intervals for predicted number of operations based on historical trends. All panels show a reduction 

in operations compared to expected rates based on historical data, however this decrease is mainly driven by elective procedures as seen in Panel C. 
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nd reduce infection rates among elective patients, visitors, and 

ealth professionals [10] . Concurrently, emergency surgical care 

as also hampered, as access to operating rooms became increas- 

ngly limited, and surgeons were encouraged to consider non- 

perative treatments when feasible and safe for the patient [10] . 
6 
n Brazil, estimates of cancelation rates for cancer, benign and ob- 

tetric surgeries were 43 • 6%, 81 • 2%, and 26 • 1% respectively, with

n estimated 46 weeks required to clear the backlog if an ad- 

itional 20% operations were performed above baseline surgical 

olume [1] . 
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Fig. 3. Brazilian population-adjusted surgical backlog per 10 0,0 0 0 by state for A) total, B) emergent, and C) elective delayed procedures This series of maps shows Brazilian 

population-adjusted surgical backlog per 10 0,0 0 0 population by state for A) total, B) emergent, and C) elective delayed procedures. The map displays the population-adjusted 

backlog using the equal quantile distribution in four groups. 
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We found that while there were reductions in the number 

f both emergent and elective surgical cases performed across 

razil, the majority of canceled or delayed cases were elective. This 

ligns with international consensus guidelines on handling surgical 

are during the pandemic which have typically advised postponing 

lective surgery while continuing any necessary emergent surgi- 

al care [23] . Work by the COVIDSURG collaborative found that pe- 

ioperative outcomes were worse for those with COVID-19 infec- 

ions and further supports that avoiding operations on infected in- 
7 
ividuals improves outcomes and recommended delaying surgery 

p to seven weeks following infection [ 24 , 25 ]. Another study by 

he COVIDSURG collaborative observed that previous SARS-CoV-2 

nfection was associated with increased odds of pulmonary com- 

lications and mortality compared to no infection, with the low- 

st rates occurring at least 4 weeks after notification of a pos- 

tive swab test [26] . Elective surgical cancellations represent a 

easonable approach to limiting additional stress on health sys- 

ems, preserving hospital capacity and supplies, especially personal 
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Fig. 4. Relationship between total surgical backlog and government policy response Estimated marginal means were performed to plot the relationship of the stringency 

index and containment and health index and the A) total surgical backlog B) emergent surgical backlog and C) elective surgical backlog. As stringency increases, the total 

backlog and emergent backlog decreases, while the elective backlog increases for both COVID-19 policy indices. 
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rotective equipment (PPE), avoiding hospital-acquired infection, 

nd reducing the potential for increased postoperative complica- 

ions among infected individuals. Moreover, reduction of elective 

urgeries was an alternative to further diminish social interaction, 

pread of COVID-19, and mobility in the community, as preventive 

easures to combat the pandemic, entail a health system stress 

nd an increased backlog. Previous estimates obtained through a 

ixed-methods approach suggest that as many as 28,404,603 elec- 

ive operations were canceled globally due to the pandemic dur- 

ng the 12 weeks of peak disruption [1] . Our results represent the 

rst Latin American country to quantify its surgical backlog. The 

arge elective backlog likely comprises surgical interventions for 

he treatment of cancer or other conditions where worse patient 

utcomes can be expected after significant delays [27] . The im- 

act of these practices has yet to be quantified in most countries; 

evertheless, there is a considerable concern for a large surgical 

acklog [28] . Our findings support these concerns as over 90 0,0 0 0 

ewer elective operations were performed in 2020 alone, a trend 

hat will likely continue through 2021 as COVID-19 continues to 

ave a significant impact in the country. 

Our findings also showed that stronger government responses 

s measured by the Stringency Index and Containment and Health 

ndex were associated with reduced delays in emergent surgery, 

ut significantly larger elective surgical backlogs. Brazilian states 

here measures were more rigorous had fewer elective surgeries, 

hich could be explained by the population’s higher compliance 

ith lockdown measures, political support for adopting social dis- 

ancing rather than against it and for hospital support to can- 

el surgery [29] . At the pandemic’s onset, the mortality index 

or COVID-19 was higher in socioeconomically vulnerable states, 

articularly in the North and Northeast regions. However, owing 
8 
o these states’ capacity to produce stricter measures and popu- 

ations’ higher adherence to physical distancing, mortality index 

as reverted, while states with higher HDI reported more deaths. 

tringent policies were effective against the increase of COVID- 

9 cases and that the socioeconomic vulnerability was balanced 

ith population level behaviors, policy implementation, better pri- 

ary healthcare programs, and coverage of social assistance [30] . 

hese results support the idea that a well-coordinated governmen- 

al response to COVID-19 aligned with recommendations for pub- 

ic health organizations and medical societies may have mitigated 

oor surgical outcomes. Further studies are needed to assess how 

hese measures will affect the speed at which countries will re- 

over from the backlog. These indexes may be valuable in other 

MICs to identity regions where subnational surgical backlogs may 

e largest, and guide policymakers to promote a controlled open- 

ess of cities, increasing health-system preparedness to resolve the 

acklog [5] . 

The six percent reduction in emergent operations is particularly 

oncerning given that we expect emergent surgical need to remain 

nchanged during the pandemic and the lower numbers likely re- 

ect patients who did not receive a necessary operation. Although 

he decrease in emergent procedures was smaller in comparison to 

lective procedures, the consequences for not performing emergent 

urgeries are larger in terms of morbidity, mortality, disability, and 

osts since they are essential to treat acute and life-threatening 

onditions, including obstetric complications, traumatic injuries, 

ommunicable and non-communicable diseases [31] . Concentrating 

ffort s in strengthening and improving access to emergent surgical 

nd anesthesia is essential to the health of a population. Further 

esearch is necessary, however, to better understand how the pan- 

emic has changed case mix and the need for emergent operations. 
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9 
eductions in road traffic accidents, gunshots, stab wounds, and in- 

erpersonal violence, may have contributed to the decline of emer- 

ency operations is the overall trauma cases during the period of 

ockdown [32] . 

Furthermore, our study demonstrated that increased COVID- 

9 case rates are independently associated with increased surgi- 

al backlogs across Brazil’s 27 states despite broad differences in 

ublic health policy and health system strength. This may imply 

hat local COVID-19 case control will directly impact surgical back- 

ogs. Many LMICs do not have coordinated subnational monitor- 

ng of surgical cases, and thus our results suggest that the number 

f COVID-19 cases may be used to identify regions where surgical 

acklogs are highest. Preparedness for health outbreaks requires a 

ystemic and continuous process of planning and implementation 

t national and international levels. Therefore, strengthening health 

ystems is pivotal through the development and maintenance of 

ore capacities for surveillance and response, a process that de- 

ands the involvement of different stakeholders, including coun- 

ries’ surgical workforce. It is imperative that surgeons be involved 

n public health and advocacy to minimize COVID-19 transmission, 

ltimately aiming to reduce the backlog and ensure access to sur- 

ical services. Such effort s comprise the development of strategies 

o disseminate and translate knowledge to the local community, 

hich includes protocols, evidence-based information, and active 

nvolvement of civil society in managing the current health emer- 

ency. To decrease the risk of surgical team contamination with 

ARS-CoV-2 during surgical procedures, it is essential that the ap- 

ropriate use of PPE, including face shields, N95 masks, gloves, wa- 

erproof gowns, and shoe covers be available [33] . A strategy that 

as been used to avoid contamination during PPE replacement is 

he “Buddy System”, in which someone oversees and assists in the 

rocess [30] . Moreover, usage of devices such as aerosol boxes has 

een noticed as a reliable protective resource to surgical staff that 

inimizes contagion during open suctioning of airways and endo- 

racheal intubation or extubation [34] . 

Given the enormous number of delayed operative cases in re- 

ions of high COVID-19 prevalence, along with factors such as 

ealth workforce exhaustion and resources depletion, strategies to 

vercome the increasing surgical backlog will become critical over 

he next several years which should be staged and prioritize essen- 

ial needs. Hospital preparedness and national guidelines are nec- 

ssary in order to guide how and when surgery is resumed and 

hich procedures will have the highest impact on morbidity as- 

ociated with operative delays [35] . Additionally, it is vital to ex- 

and and equip the surgical workforce, including training on using 

PE and funding for surgery in low-resource settings [36] . Hospi- 

als must consider expanding surgical hours and performing elec- 

ive surgeries over the weekends in order to expand their surgi- 

al capacity to address the backlog [35] . In addition, surgical sys- 

em inventory and supply chain management as well as the safety 

f all patients and hospital staff must be taken into considera- 

ion when planning for the scheduling of the backlog of elective 

ases [35] . Emergent operations have also been affected which sug- 

ests that additional measures must be taken to minimize the pa- 

ient risk of exposure to SARS-CoV-2 while weighing the morbid- 

ty of the primary diagnosis, and the accumulated morbidity that 

he delay in the procedure has caused [35] . Existing criteria and 

ractice recommendations for patient selection to emergency and 

lective surgeries have been revised in some countries in order to 

essen the burden on medical resources, maximizing, when possi- 

le, the use of non-operative treatments and ambulatory or mini- 

ally invasive surgery, and the referral of patients to sub-specialty 

rained, high-volume surgeons [37] . In this instance, one must ac- 

nowledge the advantages of telemedicine, which consists of the 

ealthcare delivered remotely to a patient through information 

nd communication technology, including the provision of diag- 
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osis, monitoring, and treatment services [38] . Telemedicine prac- 

ices in outpatient follow-up or in non-operative treatments can 

lso play an important role in high demand settings and for very 

ommon conditions such as management of appendicitis by reduc- 

ng the number of hospital admissions, providing an alternative to 

riage, and facilitating peer-to-peer exchange between healthcare 

roviders [ 37 , 39 , 40 ]. Protocols must be put in place to allow pa-

ients who have been recently diagnosed with COVID-19 to safely 

ndergo surgery when needed. Equipping surgeons to safely per- 

orm emergent surgery when needed is necessary to reduce the 

umber of delayed or canceled emergent options. Finally, continu- 

us guidance and provision of proper information to the commu- 

ity, along with societal accountability and commitment, is vital 

o effectively control COVID-19 cases and enable surgical systems’ 

ecovery. 

.1. Limitations 

Our study has several limitations. Data on surgical volume 

oes not include private healthcare facilities, used by approxi- 

ately 24% of the population. Therefore, as our study focuses on 

razil’s public health sector, it underestimates canceled surgeries 

n the private health sector, which may have also absorbed some 

ases from the public health sector. Reporting in DATASUS can lag 

p to six months, and the impact of the pandemic on report- 

ng to the national reporting system has not been studied, how- 

ver, we only used data through December 2020 in order to min- 

mize this possible bias. Furthermore, data quality within DATA- 

US has been criticized as lacking reliability from a hospital re- 

orting perspective, in particular about surgical volume which may 

ave led to underreporting. Differences in socioeconomic factors 

etween states may also impact surgical backlogs and may not 

e completely captured by our models, however we used hierar- 

hical linear mixed models and adjusted for COVID-19 cases in 

n attempt to bluntly capture these potential differences among 

tates which each administer health care independently. The com- 

osite metrics used to measure policy response are broad and do 

ot capture how well the policies are enforced or implemented. 

e adjusted for population adjusted COVID-19 case rates in or- 

er to bluntly capture response success however access to test- 

ng in Brazil has been varied and thus introduced bias when us- 

ng case rates. Lastly, our results are based on a single country 

nd may not apply to other settings; however, Brazil’s states repre- 

ent broad socioeconomic diversity that is similar to several LMIC 

ountries. 

. Conclusion 

As a result of the pandemic, over a million surgical proce- 

ures have been delayed or canceled in Brazil and the elective 

urgical backlog is over 90 0,0 0 0 cases. Stricter government pol- 

cy responses are associated with reductions in delayed emergent 

urgery, but large increases in elective surgical backlogs. Our find- 

ngs suggest that stringent effort s to reduce COVID-19 spread will 

e associated with reduced delays and cancellations for emergent 

urgery but will require coordinated government effort s to expand 

urgical care to overcome elective backlogs. Future work is needed 

o understand if stricter implementation of policy measures results 

n a more rapid return to expected surgical volume, and if there is 

n association between numbers of COVID-19 cases and speed that 

egions and states reopened. Future directions should also investi- 

ate if outcomes of procedures will improve as the surgical backlog 

esumes, as well as which state-level backlog resumed the fastest. 

igher local case rates are independently associated with increased 

umbers of delayed operations, suggesting that local efforts to re- 
10 
uce COVID-19 spread can reduce delays and cancellations of both 

mergent and elective surgical operations. These results also high- 

ight the need for surgeons to take an active role in local public 

ealth measures. 

Our findings emphasize the crucial demand for appropriate 

ublic health policies and timely governmental action plans to 

vercome such a crisis. To adequately handle the current surgi- 

al backlog, guidance on establishing criteria to prioritize proce- 

ures must be acknowledged and suit the local context. Moreover, 

ttention should be given to patients who had COVID-19 infec- 

ion to schedule surgeries, resources and guarantee optimal out- 

omes. Several national and international organizations have de- 

igned protocols on triage of surgical care during the pandemic 

n order to provide some guidance, however national level poli- 

ies may help surgeons decide which operations should be delayed 

nd which should take precedence in the face of limited resources 

 10 , 12 ]. Studies examining conservative management of surgically 

menable such as appendicitis have raised the possibility of adjust- 

ng surgical management to conservative approaches during the 

andemic [40] . Robust telemedicine systems may help to provide 

utpatient follow-up for these types of management and may be a 

orthwhile investment for Brazil from a surgical standpoint. Addi- 

ionally, it is pivotal to keep transport networks and supply chains 

pen to facilitate timely, equitable, and affordable access to medi- 

al products, including PPE. 

Achieving resilient surgical health systems as an essential foun- 

ation for effective preparedness and response to health emer- 

encies. Policymakers must look to strengthen several aspects of 

he Brazilian surgical system. Expansion of the surgical work- 

orce is critical, not only in terms of absolute numbers, but also 

he distribution of surgeons across the country. Second, invest- 

ent in hospital capacity ensures availability of operations rooms, 

CU and beds. Third, investment in innovative strategies such as 

elemedicine consultation to support remote postoperative care or 

onservative non-surgical treatment of surgical conditions. Lastly, 

ocal and regional, evidence-based guidelines in order to guide 

ospital systems and allow the continuation of emergent and ur- 

ent surgery while appropriately triaging and tracking elective sur- 

ical patients. 
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