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HIGHLIGHTS

e First study in Brazil to evaluate appendectomy patients during one-year follow-up of the COVID-19 pandemic.

o The pandemic did not affect clinical results of appendectomies, even with the overburdenet Brazilian healthcare system.
e There was no increase in SARS-CoV-2 infection in patients indicated for appendectomy.

e Anatomopathological analysis did not show worst degree of appendicitis evolution in the first year of the pandemic.

ARTICLE INFO

Keywords:

Acute appendicitis
Appendectomy
COVID-19
Emergency surgery
SARS-CoV-2

ABSTRACT

Background: COVID-19 has further burdened the Brazilian healthcare system, especially emergencies. Patients
may have delayed seeking care for surgical abdominal pain. Delays in the approach may have impacted clinical
evolution and outcomes. This study evaluated appendectomies and their complications performed by the public
system during one-year follow-up of COVID-19 in a hospital in southern Brazil.

Materials and methods: In this hospital-based cross-sectional study, we included adult patients who underwent
appendectomy from March 2019 to April 2021 (n = 162). Patients were divided into pre-pandemic (n = 78) and
pandemic (n = 84) groups based on the surgery date. The analyzed variables included hospitalization duration,
intensive care unit (ICU) admission, surgical approach, histopathological findings, COVID-19 testing, patient
outcomes, and 30-day survival rate.

Results: The cohorts exhibited similar epidemiology, with the sex ratio and average age being maintained. No
statistical difference was found in the 30-day survival rate and clinical outcomes. Of the four patients admitted to
the ICU, three belonged to the pandemic cohort and tested negative for COVID-19. Only 47.6 % of the patients in
the pandemic cohort underwent COVID-19 polymerase chain reaction examination; one tested positive (2.5 %).
Conclusion: This study demonstrated that there was no increased risk for appendectomies during the first wave of
the pandemic. Surgeries were safe during this period. Patients continued to access the emergency service despite
surgical abdominal pain and restrictive measures imposed by health authorities. The similar results observed
across cohorts are attributed to the readiness of the teams and the availability of medical surgical equipment in
safe quantities.

* Corresponding author.

E-mail address: tierreg@ufcspa.edu.br (T.A. Gongales).

https://doi.org/10.1016/j.sopen.2024.08.003

Received 28 February 2024; Received in revised form 30 July 2024; Accepted 19 August 2024

Available online 22 August 2024

2589-8450/© 2024 Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


mailto:tierreg@ufcspa.edu.br
www.sciencedirect.com/science/journal/25898450
https://www.journals.elsevier.com/surgery-open-science
https://doi.org/10.1016/j.sopen.2024.08.003
https://doi.org/10.1016/j.sopen.2024.08.003
http://crossmark.crossref.org/dialog/?doi=10.1016/j.sopen.2024.08.003&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/

T.A. Gongales et al.

Introduction

Appendicitis is the leading cause of acute surgical abdomen, with a
global prevalence of 7 %, and it requires surgical intervention, which is
the gold standard treatment for this condition [1]. This condition is an
abdominal emergency that requires surgery and is one of the most
common reasons for non-traumatic hospital admissions. Owing to the
diverse presentations of the condition, delays in diagnosis, which are
crucial for patient management and outcomes, lead to more complex
surgical procedures with a poorer prognosis, particularly in terms of
postoperative morbidity and mortality. Delays in initiating treatment
can lead to complicated appendicitis, which is marked by gangrene,
abscess, perforation, or complete necrosis of the appendix [2,3]. In
Brazil, the mortality rate for appendicitis is approximately 0.35 %. In
2020, there were 441 deaths, indicating an increase from the reported
deaths in 2019 (411 deaths) [4].

The unprecedented crisis caused by the pandemic has further
burdened the Brazilian healthcare system, particularly the emergency
services [5,6]. Hospitals began to set up treatment regimens and limit
resources as the virus spread [5,7-10]. Emergency measures were
implemented to prioritize the allocation of material and human re-
sources and to protect the health of frontline workers [5,6,8,10]. During
this initial period of severe restrictions, there were concerns regarding
the clinical outcomes of patients with appendicitis, as delays in surgical
intervention could lead to higher complication rates and an increased
risk of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection [11]. In this context, patients may have delayed seeking hos-
pital care even when experiencing surgical abdominal pain [12,13].
Non-surgical treatment could be a safe alternative to surgery in early
cases [14-16]. In some areas, there was a significant reduction in
emergency surgeries and greater interval between the onset of symp-
toms and surgical intervention [17,18]. In these cases, increased
morbidity rates were observed, but there was no statistical difference in
the mortality rates or the need for reoperation [12,19].

In southern Brazil, the situation mirrored others, with the first case of
COVID-19 reported in March 2020. Within 1 year, the region experi-
enced its peak of infections, marking the first wave of the pandemic
[20]. To curb the viral spread, authorities implemented restrictive
measures, shutting down non-essential services and advising individuals
to seek emergency care only if they exhibited severe symptoms. Elective
surgeries were halted owing to the public health system’s overload,
particularly because of shortages in healthcare personnel, hospital beds,
and surgical supplies [7,10]. This issue was even more critical con-
cerning intensive care unit (ICU) beds [5]. However, emergency sur-
geries were still performed [10]. In this context, given the restrictive
measures imposed by the pandemic, it is important to analyze the
impact that this decision had on the clinical outcomes of patients who
underwent appendectomy. Therefore, in this study, we aimed to assess
and to evaluate appendectomies performed by the SUS and their com-
plications during the first wave of the COVID-19 pandemic in a tertiary
hospital in southern Brazil.

Materials and methods
Study design and patient profile

In this hospital-based cross-sectional study, we included adult pa-
tients who underwent appendectomy from the Government Health
System (SUS) admitted to a Complex that comprises 9 hospitals of the
Irmandade da Santa Casa de Misericordia de Porto Alegre (ISCMPA) in
Southern Brazil between March 1, 2019 and April 30, 2021, with a 30-
day follow-up post- discharge period. The pre-pandemic and pandemic
cohorts comprised individuals that underwent surgery from March 1,
2019 to March 31, 2020 and from April 1, 2020 to April 30, 2021,
respectively. In the State of Rio Grande do Sul alone, 548 appendix
surgeries were performed by the Public Health System (SUS) during the

Surgery Open Science 21 (2024) 1-6

first peak of the pandemic. At ISCMPA, a reference in state public and
private care, in the period comprising the first year of the pandemic, 281
appendix surgeries were performed by the SUS [21].

The variables were collected through the institutional electronic
medical record system (Tasy®, Phillips Healthcare, Amsterdam, The
Netherlands), with REDCap (Research Electronic Data Capture) serving
as the data collection tool used by a team trained by the lead researcher.
The descriptive variables examined included the hospitalization dura-
tion (the duration from admission to discharge), postoperative compli-
cations, 30-day outcomes (the time from admission to 30 days post-
discharge), reverse transcription polymerase chain reaction (RT-PCR)
test (pandemic cohort), clinical outcome, surgical approach, and soci-
odemographic and clinicopathological variables. The classification of
appendicitis was based on the evolutionary stage, and confirmed by a
pathologist. Uncomplicated appendicitis refers to stages I or II, whereas
complicated appendicitis refers to stages III or IV [22]. The Strength-
ening the Reporting of Observational Studies in Epidemiology (STROBE)
guidelines were used to guide the writing of this study [23].

The study received approval from the appropriate Institutional Re-
view Board (approval number: 5.354.532). The study adhered to the
tenets of the Helsinki Declaration and maintained data confidentiality in
accordance with the General Data Protection Law, safeguarding each
individual’s fundamental rights to freedom and privacy.

The primary outcome was the clinical endpoint. The secondary
outcome pertains to the extent of appendicitis progression, as confirmed
by histopathological examination. Surgical complications requiring ICU
admission were categorized as Grade IV on the Clavien-Dindo scale
[24].

Statistical analysis

Qualitative variables are reported as absolute and relative fre-
quencies, while quantitative variables are expressed as means and
standard deviations or medians and interquartile ranges, along with
absolute and relative frequencies, as appropriate (n = 162). The asso-
ciation analysis between the pre-pandemic and pandemic cohorts with
continuous age was assessed using the independent t-test; for the length
of hospital stay, the Mann-Whitney U test was used, and for other
qualitative factors, the chi-square test of association was used. All ana-
lyses were conducted using SPSS software version X (IBM Corp.,
Armonk, NY, USA), with the significance level set at 5 %.

Results

In the period from March 1, 2019 to March 31, 2020, pre-pandemic,
281 appendectomies were performed by the public health system, of
which 78 were included in the study. In the pandemic cohort, from April
1, 2020 to April 30, 2021, 237 appendix surgeries were performed, with
84 patients included in the study. The patient flowchart and the
evolutionary phase of each group are presented in Fig. 1.

As shown in Table 1, our findings revealed no statistically significant
differences concerning demographic characteristics, clinical outcomes,
in-hospital mortality rates, 30-day mortality rates, and ICU admissions.
The average age of patients was 37.4 years. In the pre- pandemic cohort,
the average age was 38.0 years, whereas during the pandemic, it was
36.9 years (p = 0.669). Of the 162 patients analyzed, 139 (85.8 %) were
aged <60 years. In the pre-pandemic period, this age group accounted
for 82.1 %, whereas during the pandemic, it represented 89.3 % of the
cohort (p = 0.187). The age distribution within the cohorts showed no
significant variation. However, fewer older individuals underwent ap-
pendectomy during the first wave of the pandemic, than during the same
pre-pandemic period (10.7 % vs. 17.9 %, respectively, p = 0.187).
Before the pandemic, there were no recorded hospital or 30-day deaths,
while there was only one ICU admission. During the pandemic, there
were two deaths recorded during hospitalization (2.4 %), one death
within 30 days (1.2 %), and only four ICU admissions (4.8 %). However,
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Pre-pandemic

n=78

Evolutionary phase Total necrosis: 2(2.6)

—

Fhase I:
19(244)

Fhase IV:
27(346)

Fhase I Fhase Il
1(13) 29(372)
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Pandemic

n=86

Evolutionary phase Total necrosis: 9(10.7)

—

Fhase |-
14(167)

Fhase [V:
27(321)

Fhase I Fhase Il:
5(6.0) 29(345)

Fig. 1. Study profile distributed according to degree of anatomopathological evolution.

Table 1
Baseline clinical characteristics of all patients, pre-pandemic cohort compared to the pandemic cohort.
Characteristic Total Pre-pandemic Pandemic Confidence interval 95 % p
n =162 n=78 n=_84

Age (average and standard deviation) 37.4+16.4 38.0 + 16.8 36.9 + 16.2 -1.2(-6.3-4.0) 0.669"
Age

<60 years 139 (85.8) 64 (82.1) 75 (89.3) 7.2 (-3.6-18.4) 0.187°
Sex

Male 88 (54.3) 40 (51.3) 48 (57.1) 5.9 (—9.5-21.2) 0.454"
Hospital death 2(1.2) 0 224 2.4 (—0.9-5.6) 0.497°
Death within 30 days 1 (0.6) 0 1(1.2) 1.2 (1.1-3.5) >0.999"
ICU admission 5@3.1) 1(1.3) 4(4.8) 3.5(-1.7-8.7) 0.368"
Surgical access

Conventional 15 (9.3) 6(7.7) 9(10.7) 3(-5.9-11.9) 0.507"

Videolaparoscopy 147 (90.7) 72 (92.3) 75 (89.3)
Length of stay (median [IQR]) 2 [2-4] 3 [2-4] 2 [2-4] 0.514°
COVID-19

RT-PCR emergency service - 40 (47.6)

RT-PCR positive - 1(2.5)
Classification (evolutionary phase according to AP) 0.119°

Uncomplicated (phases I and II) 39 (24.1) 20 (25.6) 19 (22.6)

Complicated (phases III and IV) and NTa 123 (75.9) 58 (74.4) 65 (77.4) 0.653"

Abbreviations: AP, anatomopathological; IQR, interquartile range; PCR, polymerase chain reaction; TNA, total necrosis of the appendix.

2 Independent samples t-test.
b Chi-square test of association.
¢ Mann-Whitney U test.

the statistical analysis results indicated that there was no significant
difference in these data.

Regarding the surgical approach, before the pandemic, six (7.7 %)
patients underwent conventional surgery, whereas during the
pandemic, nine (10.7 %) cases were recorded (p = 0.507). There was no
statistically significant association between the cohorts and the patho-
logical findings (p = 0.119). However, as shown in Table 1, there was a
specific increase of 3 % (from 74.4 % to 77.4 %) in the incidence of
complicated appendicitis and a decrease of 3 % (from 25.6 % to 22.6 %)
in non-complicated appendicitis cases. A normal appendix was not re-
ported in any pathological report (stage 0). In 11 cases, anatomopa-
thological analysis was not performed (2.6 % vs. 10.7 %, p = 0.105). In
that regard the diagnosis was confirmed during surgery, corroborating
the surgeon’s assessment, and was described in the pathological report
as complete necrosis of the appendix. Regarding the number of appen-
dectomies and the evolution of appendicitis, the data were similar in
both cohorts.

In comparison, regarding hospitalization duration and its association
with complicated appendicitis, there was no significant difference be-
tween the pre-pandemic and pandemic cohorts (p = 0.514 and p =
0.119, respectively). However, among patients hospitalized during the
pandemic, of the 84 patients, only 40 (47.6 %) underwent a RT-PCR test
for COVID-19 upon arrival at the emergency department. Among these,

only one (2.5 %) has tested positive for SARS-CoV-2.
Discussion

To the best of our knowledge, this is the first study conducted in
Brazil that reported that there was no increased risk for appendix sur-
geries associated with the first wave of COVID-19. The anatomopatho-
logical evaluation confirmed that there was no worsening in the
evolution of appendicitis during the studied period. In other words, even
with the public health system operating at the limit of its capacity, it was
possible to keep the general mortality rate related to acute appendicitis
unchanged during the dark period of our current history.

Our study showed that there was no statistically significant differ-
ence in demographics, clinical outcome, hospital and 30-day mortality
and ICU admission. However, during the first wave of the pandemic,
elderly people were the most likely to undergo appendectomy. During
this period, two deaths were recorded during hospitalization and one
death within 30 days of hospital discharge, as well as three times more
ICU admissions, but without statistical significance.

A single-center study conducted in a developed country showed that
the appendectomy postoperative complications, reoperations, and
readmissions were significantly higher during the pandemic than those
before [11]. Numerous studies have indicated that governmental
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policies and the impacts of the pandemic led to varied outcomes, espe-
cially concerning the incidence and postoperative results of appendicitis
worldwide [5,25-31]. In an effort to conserve hospital beds, medica-
tions and reduce SARS-CoV-2 infections, Brazilian authorities imposed
mobility restrictions on the population and advised states to postpone
elective surgeries in March 2020 [7-9]. Consequently, surgical services
had to be adapted, prioritizing emergency operations and reinforcing
the optimisation of available resources. We were facing a novel disease
with no established treatment or prognosis and without scientifically
proven measures to contain viral transmission. Only in January of the
following year, Brazil began its vaccination campaign, prioritizing the
older individuals and healthcare professionals.

In March 2021, the month that witnessed the highest mortality rate
in southern Brazil, the Gamma variant emerged with a lethality rate of
3.8 %, and only 8.4 % of the regional population had been vaccinated
[32]. As a result of the suspension of elective surgeries, ward and ICU
beds become available, thereby increasing the bed capacity for patients
infected with the virus. This action also freed up surgeons to assist in
emergency care. Despite the more contagious strain and considering that
patients with appendicitis undergoing surgical procedures experience
compromised immunity, all exhibited a good outcome. Therefore, the
hospital’s sanitary measures for viral containment were sufficient to
achieve these results.

Interestingly, a study observed a statistically significant reduction in
appendicitis cases during the first wave of the pandemic compared to
those observed in the same period of the previous year [12,33]. How-
ever, several authors have reported an increase in complicated appen-
dicitis cases during the first wave [12,13,27,31,34,35]. Reinforcing the
findings from our service, some authors have reported that patients with
emergency surgical conditions continued to access the healthcare sys-
tem, with no statistical difference between the diagnosis and progression
of appendicitis [36-39]. The clinical presentation and stage of pro-
gression are independent predictors of postoperative outcomes [11].
Experiences from developed countries during the first wave showed
similar results regarding clinical outcomes when compared to those
observed in the same period of the previous year [28,40-44]. Despite
fears of contamination and mobility restrictions on the population, pa-
tients in the southern regions did not hesitate to seek hospital care when
experiencing acute abdominal symptoms. Healthcare teams did not
delay surgical intervention, resulting in similar outcomes concerning
patient recovery and the number of surgeries performed.

Although the frontline workers wore personal protective equipment,
considering the early stages of the pandemic and swift clinical decline of
those infected, the workers were widely infected [6]. This led to
increased strain on surgical services owing to the reduced availability of
these specialists because of infection or quarantine. Teixeira et al. re-
ported that the pandemic had a negative impact on the physical and
mental health of these workers [6]. Given the looming risk of healthcare
services being overwhelmed, there was a need for organization in terms
of resources and to ensure the safety of patients undergoing surgery
[5,6].

Evidence on the management of appendicitis during the first wave is
limited. Many of these recommendations are grounded in expert opin-
ions [26]. In this context, a multicentric study encompassing 66 coun-
tries examined the management of appendicitis during the early phase of
the COVID-19 pandemic [45]. While elective surgical procedures may
be deferred, appendectomy interventions are typically urgent and
cannot be delayed in most instances. Despite facing a shortage of pro-
fessionals, exhausted and emotionally strained teams, a lack of hospital
supplies, and a limited number of ward and ICU beds, there was no delay
in surgical referrals or difference in morbidity and mortality rates in our
service. The protocols implemented during the pandemic proved to be
effective, making it unnecessary to postpone the operation. Emergency
surgeries shouldn’t be postponed due to delays in test results.

On the other hand, the services that opted for non-surgical treatment
were more likely to have long-term complications or need for
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subsequent surgical intervention. Almost half of the patients in the
pandemic cohort were tested for the virus, during screening, in the
emergency department, characterizing community infection. Since the
second half of 2020, the RT-PCR test has been recommended as the gold
standard for hospitalized patients or those who may require surgical
intervention [7].

Emergency surgeries should not be postponed due to delays in test
results [9]. In July of the following year, it was advised to screen in-
dividuals in contact with healthcare services, and to isolate the sus-
pected and confirmed cases [7]. In other countries, depending on the
situation, it was considered reasonable to postpone appendicitis sur-
geries in their early stages because of the lack of available beds and
medical-surgical supplies, or until a negative test result was obtained.
All these reasons could have increased the incidence of complicated
appendicitis [27,37,46].

However, even following the recommendations of the health au-
thorities, and with the dedication of the health teams in carrying out
screening tests for SARS-CoV-2 in our service, such measures were not
important in postponing appendectomies. Meanwhile, in patients with
positive results, there was a greater focus on the general functionality of
the system, the protection of healthcare workers from exposure and the
guarantee of the appropriate use of personal protective equipment, with
a preference for traditional surgical methods.

Limitations

This study has some limitations. First, it examined cases of appendix
surgeries performed during one-year follow-up of the COVID-19
pandemic and had a single-center retrospective design. However, it
was precisely this made it possible to examine this singular time of the
pandemic. During the period when movement restrictions and lock-
downs were enforced, there was widespread panic among the popula-
tion because of the risk of contamination in emergencies, the
unprecedented nature of the disease, and, most importantly, the lack of
scientifically proven preventive measures. Another limiting factor was
the exclusion of patients who underwent conservative treatment,
resulting in selection bias. Additionally, the costs of medical-surgical
supplies in the pandemic were not assessed, as these expenses would
be incomparable to pre-pandemic, due to the huge increase in market
price during this time.

Conclusions

We can see that even with the public health system facing an
imminent shortage of human and material resources for decades, it was
possible to keep it functioning so that Brazilian lives could be spared
with adequate surgical assistance for appendicitis. Unlike the rest,
developed countries, the pandemic did not change the status of appen-
dicitis. In other words, there was no worsening of morbidity and no
increase in mortality during this dark period in our history.

With the data presented, we can corroborate that the health system
was not only able to quickly organize itself in the face of the global crisis,
but also maintain quality care, saving lives. Pathological analyzes of the
appendages also confirmed, unlike other countries, that in the South of
Brazil there was no worsening in the evolutionary phase of the disease in
relation to the previous year.

These results indicate that we can maintain and improve public
health measures in the face of other pandemics and, mainly, the conduct
adopted in our institution such as the use of Personal Protective
Equipment, the cancellation of elective surgeries (saving surgeons and
health professionals, saving medicines, infirmary beds, ICU beds, for
example) and the training of more than professionals to work on the
front line.

Surgeons can indicate surgical treatment of appendicitis safely dur-
ing a SARS-CoV-2 pandemic as long as there is a compatible clinical
indication and, mainly, available resources, materials and personnel.
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Although these findings are constrained by the analysis of a single center
and one type of surgical pathology, they support the overall adaptability
and sufficiency of the Brazilian healthcare system, which did not affect
the morbidity and mortality rates. The resilience of frontline workers
and the availability of equipment may account for the similar outcomes.
It is important to conduct more studies to examine the effects of im-
munization on patients that underwent emergency surgery, especially
during the period after the first year of the pandemic.

Funding

The authors have not disclosed any specific grant for this research
from funding agencies in the public, commercial, or not-for-profit
sectors.

Provenance and peer review
Not ordered.
Ethics approval

The study received approval from the appropriate Institutional Re-
view Board (approval number: 5.354.532).

CRediT authorship contribution statement

Tierre Aguiar Gongcales: Writing — review & editing, Writing —
original draft, Visualization, Validation, Supervision, Project adminis-
tration, Methodology, Investigation, Formal analysis, Data curation,
Conceptualization. Thiago Lucas Bastos de Melo Moszkowicz:
Writing — review & editing, Writing — original draft, Visualization,
Validation, Supervision, Project administration, Methodology, Investi-
gation, Formal analysis, Data curation, Conceptualization. Mariana
Severo Debastiani: Writing — original draft, Visualization, Validation,
Supervision, Project administration, Methodology, Investigation,
Formal analysis, Data curation, Conceptualization. Marcos Souza Par-
reira: Writing — original draft, Visualization, Project administration,
Methodology, Investigation, Formal analysis, Data curation, Conceptu-
alization. Julia Kasali Lima: Writing — original draft, Visualization,
Validation, Project administration, Methodology, Investigation, Formal
analysis, Data curation, Conceptualization. Rafael José Vargas Alves:
Writing - review & editing, Writing — original draft, Visualization,
Validation, Supervision, Project administration, Methodology, Investi-
gation, Formal analysis, Data curation, Conceptualization. Claudia
Giuliano Bica: Writing — review & editing, Writing — original draft,
Visualization, Validation, Supervision, Project administration, Method-
ology, Investigation, Formal analysis, Data curation, Conceptualization.

Declaration of competing interest

We attest that this manuscript has not been published elsewhere and
is not under consideration by another journal. All authors have
approved the manuscript and agree with submission to Surgery Open
Science. The authors have no conflicts of interest to declare.

Acknowledgements

Cristiane Biindchen - Statistician at the Research and Graduate
Support Center (Nupesq) of the Graduate Program at the Federal Uni-
versity of Health Sciences of Porto Alegre (UFCSPA) — conducted the
statistical analysis of the results. Rogério Borges, a statistician,
contributed to the review of the statistical analysis in the manuscript.

Surgery Open Science 21 (2024) 1-6

References

[1]

[2]

[3]

[4

=

[5]

[6]

[71

[8]

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Lima AP, Vieira FJ, Oliveira GP, Ramos PS, Avelino ME, Prado FG, et al. Clinical-
epidemiological profile of acute appendicitis: retrospective analysis of 638 cases.
Rev Col Bras Cir 2016;43(4):248-53. Jul-Aug.

Gao Z, Li M, Zhou H, Liang Y, Zheng C, Li S, et al. Complicated appendicitis are
common during the epidemic period of 2019 novel coronavirus (2019-nCoV).
Asian J Surg 2020;43(10):1002-5. Oct.

Ditillo MF, Dziura JD, Rabinovici R. Is it safe to delay appendectomy in adults with
acute appendicitis? Ann Surg 2006;244(5):656-60. Nov.

Gouveia ADM, Braga ASM, Alves APF, Filho JELO, Tendrio DMC, Cansancao VIMT.
Acute appendicitis: epidemiological profile in Brazil, from 2017 to 2021. Braz J
Dev 2023;9:12182-94.

Carvalho SMS, Miguel MC, Silveira RZ. Public health system and the fight against
Covid-19 in Brazil Asklepion. Inform Satde 2022;2(1):6-18.

Teixeira CFS, Soares CM, Souza EA, Lisboa ES, Pinto ICM, Andrade LR, et al. The
health of healthcare professionals coping with the Covid-19 pandemic. Cien Saude
Colet 2020;25(9):3465-74. Sep.

Technical Note GVIMS/GGTES/ANVISA N° 07/2020. Guidelines for prevention
and epidemiological surveillance of sars-cov-2 (covid-19) infections within
healthcare services — updated on 03/09/2022. Brasilia: Ministry of Health; 2020.
Epidemiological Bulletin of Respiratory Virus. Rio Grande do Sul: health’s
secretary. https://coronavirus.rs.gov.br/informe-epidemiologico; 2020.

Ranzani OT, Bastos LSL, Gelli JGM, Marchesi JF, Baiao F, Hamacher S, et al.
Characterisation of the first 250,000 hospital admissions for COVID-19 in Brazil: a
retrospective analysis of nationwide data. Lancet Respir Med 2021;9(4):407-18.
Apr.

Information Note. Emergency operations center of the state of Rio Grande do Sul
(EOQ). Rio Grande do Sul: health’s secretary. https://saude.rs.gov.br/upload/arqui
v0s/202007/03161324-nota-informativa-cirurgias-eletivas.pdf; 2020.

El Nakeeb A, Emile SH, Abdel MA, Attia M, Alzahrani M, ElGamdi A, et al.
Presentation and outcomes of acute appendicitis during COVID-19 pandemic:
lessons learned from the Middle East-a multicentre prospective cohort study. Int J
Colorectal Dis 2022;37(4):777-89. Apr.

Scheijmans JCG, Borgstein ABJ, Puylaert CAJ, Bom WJ, Bachiri S, Van BEA, et al.,
SCOUT Collaboarative Study Group. Impact of the COVID-19 pandemic on
incidence and severity of acute appendicitis: a comparison between 2019 and
2020. BMC Emerg Med 2021;21(1):61. May 12.

Herrera JJ, Arrechea R, Mihura M, Bregante M, Medina JP, Pirchi DE. Impact of the
COVID-19 pandemic and restrictive measures on acute appendicitis: do not let your
guard down. J Min Access Surg 2022;18(4):539-44. Oct-Dec.

Yap TL, Li FX, Lee IN, Chen Y, Choo CS, Sim SW, et al. Covid-19 pandemic strategy
for treatment of acute uncomplicated appendicitis with antibiotics—risk
categorization and shared decision-making. J Pediatr Surg 2023;58(7):1285-90.
Jul.

Podda M, Gerardi C, Cillara N, Fearnhead N, Gomes CA, Birindelli A, et al.
Antibiotic treatment and appendectomy for uncomplicated acute appendicitis in
adults and children: a systematic review and meta-analysis. Ann Surg 2019;270(6):
1028-40. Dec.

Kohler F, Hendricks A, Kastner C, Miiller S, Boerner K, Wagner JC, et al.
Laparoscopic appendectomy versus antibiotic treatment for acute appendicitis—a
systematic review. Int J Colorectal Dis 2021;36(10):2283-6. Oct.

Velayos M, Munoz-Serrano AJ, Estefania-Fernandez K, Sarmiento Caldas MC,
MoratillaLapena L, Lopez-Santamaria M, et al. Influence of the coronavirus 2
(SARS-Cov-2) pandemic on acute appendicitis. An Pediatr 2020;93(2):118-22.
Aug.

Meri¢ S, Vartanoglu AT, Tokocin M, Aktimur YE, Hacim NA, Giilcicek OB.
Comparative analysis of the management of acute appendicitis between the normal
period and COVID-19 pandemic. Ulus Travma Acil Cerrahi Derg 2021;27(1):22-5.
Jan.

Cano-Valderrama O, Morales X, Ferrigni CJ, Martin-Antona E, Turrado V, Garcia A,
et al. Acute Care Surgery during the COVID-19 pandemic in Spain: changes in
volume, causes and complications. A multicentre retrospective cohort study. Int J
Surg 2020;80:157-61. Aug.

Coronavirus Panel Rio Grande Do Sul. http://ti.saude.rs.gov.br/covid19/; 2023.
Accessed on June 1.

Department of Information and Informatics of the Single Health System
(DATASUS). Brasilia: Ministry of Health, 2023. https://tabnet.datasus.gov.br/cgi/t
abcgi.exe?sih/cnv/qiuf.def. [Accessed on July 30, 2023].

Hui DS, Azhar IE, Madani TA, Ntoumi F, Kock R, Dar O, et al. The continuing 2019-
nCoV epidemic threat of novel coronaviruses to global health — the latest 2019
novel coronavirus outbreak in Wuhan, China. Int J Infect Dis 2020;91:264-6. Feb.
Strengthening the reporting of observational studies in epidemiology (STROBE).
https://www.strobe-statement.org/checklists/; 2023. Accessed on August 10.
Moreira LF, Pessoa MC, Mattana DS, Schmitz FF, Volkweis BS, Antoniazzi JL, et al.
Cultural adaptation and the Clavien-Dindo surgical complications classification
translated to Brazilian Portuguese. Rev Col Bras Cir 2016;43(3):141-8. May—Jun.
Cheng O, Hu JY, Hong J, Sarad N, Zenilman ME, Chen CC, et al. Operative
management of acute appendicitis was safe during the COVID-19 pandemic
shutdown. J Surg Res 2023;287:117-23. Jul.

Tankel J, Keinan A, Blich O, Koussa M, Helou B, Shay S, et al. The decreasing
incidence of acute appendicitis during COVID-19: a retrospective multi-centre
study. World J Surg 2020;44(8):2458-63. Aug.

Won M, Ahn C. Epidemiology and outcome of acute appendicitis during and before
the COVID-19 pandemic: a retrospective single-center analysis. Medicina (Kaunas)
2023;59(5):902. May 8.


http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0005
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0005
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0005
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0010
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0010
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0010
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0015
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0015
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0020
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0020
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0020
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0025
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0025
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0030
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0030
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0030
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0035
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0035
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0035
https://coronavirus.rs.gov.br/informe-epidemiologico
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0045
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0045
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0045
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0045
https://saude.rs.gov.br/upload/arquivos/202007/03161324-nota-informativa-cirurgias-eletivas.pdf
https://saude.rs.gov.br/upload/arquivos/202007/03161324-nota-informativa-cirurgias-eletivas.pdf
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0055
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0055
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0055
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0055
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0060
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0060
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0060
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0060
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0065
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0065
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0065
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0070
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0070
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0070
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0070
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0075
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0075
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0075
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0075
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0080
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0080
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0080
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0085
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0085
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0085
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0085
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0090
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0090
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0090
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0090
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0095
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0095
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0095
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0095
http://ti.saude.rs.gov.br/covid19/
https://tabnet.datasus.gov.br/cgi/tabcgi.exe?sih/cnv/qiuf.def
https://tabnet.datasus.gov.br/cgi/tabcgi.exe?sih/cnv/qiuf.def
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0105
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0105
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0105
https://www.strobe-statement.org/checklists/
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0115
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0115
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0115
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0120
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0120
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0120
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0125
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0125
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0125
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0130
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0130
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0130

T.A. Gongales et al.

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Ricard E, Marceau A, Larouche G, Dorval H, Malo FC. Patients with appendicitis
during COVID-19 pandemic: a retrospective cohort study. Ann Med Surg 2023;85
(5):1507-12. Apr 11.

Covidsurg Collaborative. Global guidance for surgical care during the COVID-19
pandemic. BJS 2020;107(9):1097-103. April 15.

Kohler F, Miiller S, Hendricks A, Kastner C, Reese L, Boerner K, et al. Changes in
appendicitis treatment during the COVID-19 pandemic — a systematic review and
meta-analysis. Int J Surg 2021;95:106148. Nov.

Orthopoulos G, Santone E, 1zzo F, Tirabassi M, Pérez-Caraballo AM, Corriveau N,
et al. Increasing incidence of complicated appendicitis during COVID-19 pandemic.
Am J Surg 2021;221(5):1056-60. May.

Epidemiological Bulletin COVID-19 Vaccination. Epidemiological week 47/2022.
Rio Grande do Sul: secretary of health. https://coronavirus.rs.gov.br/upload/arqui
v0s/202212/02144829-analise-vacinas-em-291122.pdf; 2020.

Passoni S, Giuliani M, Arigoni M. Increased incidence of complicated acute
appendicitis after the first COVID-19 pandemic peak: have patients a different
attitude towards COVID-hospitals? Br J Surg 2021;108(Suppl). May 28.
znab202.046.

Teixeira FH, Gilgien J, DiMare L, Fournier P, Ksontini R, Munday A, et al.
Appendicitis and cholecystitis during the COVID-19 outbreak: a multicenter
experience. Swiss Med Wkly 2021;151:w30017.

Altirkistani BA, Batais WT, Alsolamy RM, Sulaimani BY, Bakhidar GO. The
influence of the COVID-19 pandemic on the prevalence, characteristics,
management, and outcomes of acute appendicitis at the academic tertiary center,
Jeddah. Cureus 2022;14(11):e31968. Nov 28.

Huijgen D, Wijkerslooth EML, Janssen JC, Beverdam FH, Boerma EG, Dekker JWT,
et al. Multicenter cohort study on the presentation and treatment of acute
appendicitis during the COVID-19 pandemic. Int J Colorectal Dis 2022;37(5):
1087-95. May.

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

Surgery Open Science 21 (2024) 1-6

Zhang P, Zhang Q, Zhao HW. COVID-19 pandemic changed the management and
outcomes of acute appendicitis in northern Beijing: a single-center study. World J
Clin Cases 2022;10(3):820-9. Jan 21.

Kilcoyne A, Goiffon RJ, Anderson MA, Cahalane AM, O’Shea A, Balthazar P, et al.
Impact of COVID-19 on CT-diagnosed acute appendicitis and diverticulitis: was
there collateral damage? Clin Radiol 2022;77(7):514-21. Jul.

Forssten MP, Kaplan LJ, Tolonen M, Martinez-Casas I, Cao Y, Walsh TN, ESTES
SnapAppy Group, et al. Surgical management of acute appendicitis during the
European COVID-19 second wave: safe and effective. Eur J Trauma Emerg Surg
2023;49(1):57-67. Feb.

Poget M, Chautems R, Kohler R, Diana M, Saadi A. Impact of the COVID-19
pandemic on the severity and management of acute appendicitis. Front Surg 2022;
9:981885. Sep 1.

Gurer A, Okay ND, Aslan OD, Terzioglu SG, Ozer M, Dinc T. Has the Covid-19
pandemic increased the complication rate in patients with acute appendicitis? Ann
Ital Chir 2023;94:209-13.

Aharoni M, Barash Y, Zager Y, Anteby R, Khalilieh S, Amiel I, et al. Management of
acute appendicitis during the COVID-19 pandemic: a single tertiary center
experience. Isr Med Assoc J 2021;23(5):269-73. May.

Waldman R, Kaplan H, Leitman IM. Were surgical outcomes for acute appendicitis
impacted by the COVID-19 pandemic? BMC Surg 2023;23(1):43. Feb 23.

Cai X, Bi J, Zheng Z, Liu Y. Decision-making changes for patients and medical
personnel in the management of acute appendicitis during the COVID-19
pandemic. BMC Emerg Med 2022;22(1):170. Oct 24.

Ielpo B, Podda M, Pellino G, Pata F, Caruso R, Gravante G, et al., ACIE Appy Study
Collaborative. Global attitudes in the management of acute appendicitis during
COVID-19 pandemic: ACIE Appy Study. Br J Surg 2021;108(6):717-26. Jun 22.
Ocak S, Biik OF, Uyanik MS, Giftci AB. COVID-19 outbreak and acute appendicitis:
does the lockdown has a influence on appendectomies? A single center
retrospective cohort study. Turk J Surg 2022;38(2):175-9. Jun 29.


http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0135
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0135
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0135
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0140
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0140
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0145
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0145
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0145
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0150
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0150
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0150
https://coronavirus.rs.gov.br/upload/arquivos/202212/02144829-analise-vacinas-em-291122.pdf
https://coronavirus.rs.gov.br/upload/arquivos/202212/02144829-analise-vacinas-em-291122.pdf
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0160
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0160
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0160
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0160
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0165
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0165
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0165
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0170
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0170
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0170
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0170
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0175
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0175
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0175
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0175
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0180
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0180
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0180
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0185
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0185
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0185
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0190
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0190
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0190
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0190
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0195
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0195
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0195
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0200
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0200
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0200
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0205
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0205
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0205
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0210
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0210
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0215
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0215
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0215
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0220
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0220
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0220
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0225
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0225
http://refhub.elsevier.com/S2589-8450(24)00113-1/rf0225

	Appendectomy: Cross-sectional study of the effects of COVID-19 in a hospital in South Brazil
	Introduction
	Materials and methods
	Study design and patient profile
	Statistical analysis

	Results
	Discussion
	Limitations

	Conclusions
	Funding
	Provenance and peer review
	Ethics approval
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	References


