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Abstract

Background: The COVID-19 pandemic has imposed measures of social distancing and, during this time, there has
been an elevation in cardiovascular mortality rates and a decrease in the number of emergency visits.

Objectives: To assess and compare in-hospital mortality for cardiovascular diseases and emergency department
visits during the COVID-19 pandemic and the same period in 2019.

Methods: Retrospective, single-center study that evaluated emergency visits and in-hospital deaths between March
16, 2020 and June 16, 2020, when the steepest fall in the number of emergency admissions for COVID-19 was
registered. These data were compared with the emergency visits and in-hospital deaths between March 16 and
June 16, 2019. We analyzed the total number of deaths, and cardiovascular deaths. The level of significance was set
at p <0.05.

Results: There was a 35% decrease in the number of emergency visits and an increase in the ratio of the number of
deaths to the number of emergency visits in 2020. The increase in the ratio of the number of all-cause deaths to the
number of emergency visits was 45.6% and the increase in the ratio of the number of cardiovascular deaths to the
number of emergency visits was 62.1%. None of the patients who died in the study period in 2020 tested positive
for COVID-19.

Conclusion: In-hospital mortality for cardiovascular diseases increased proportionally to the number of emergency
visits during the COVID-19-imposed social distancing compared with the same period in 2019.

Keywords: Cardiovascular Diseases; Emergency Service, Hospitalar; COVID-19; Betacoronavirus/complications;
Hospitalization; Visitors to Patients; Hospitals, Packaged; Pandemics.

Introduction

In December 2019, in the city of Wuhan, capital
of Hubei Province, in China, the first cases of a new
disease that would reach global proportions and become
devastating in many aspects were identified.'* The world
has watched the spread of this disease caused by the new
coronavirus (COVID-19) from Asia to Europe and then

to the Americas in less than three months. On March 11,
2020, the World Health Organization (WHO)' announced
the COVID-19 outbreak a pandemic.

In addition to its rapid transmission, even by
presymptomatic and asymptomatic infected individuals,
the SARS-CoV-2 (severe acute respiratory syndrome
coronavirus 2) has significantly higher mortality as
compared with other coronaviruses associated with
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respiratory diseases and may progress to pneumonia and
acute respiratory distress syndrome (ARDS), notably in
elderly patients and in those with comorbidities.* Global
mortality rate has varied from 1 to 5%, with more than
600,000 deaths registered on 20 July, 2020. The number
of confirmed cases surpasses 14 million.®

The effects of COVID-19 go beyond the respiratory
tract, affecting the cardiovascular and the nervous system
also.***The psychological and economic impacts of social
distancing policies have been a challenge to health system
and financial managers worldwide."*"

Patients have avoided medical care due to concerns
about viral exposure in the hospitals. New York city and
other cities severely hit by the COVID outbreak have
reported an elevation in the number of deaths from acute
myocardial infarction (AMI) and other cardiovascular
diseases, and a drastic reduction in the number of
emergency admissions for these conditions.'>*?

Thus, our objective was to assess in-hospital mortality
from cardiovascular diseases in relation to the number of
emergency visits for these conditions during the SARS-
CoV-2 pandemic, and to compare these data with those
of the same period in 2019 in a cardiology referral center
in Santa Catarina, in southern Brazil.

Methods

This was a retrospective, single-center study of the
analysis of emergency records and in-hospital deaths at
the participating institution, which is a referral center
for treatment of highly complex cases in cardiology in
the state, and sees patients through the unified health
system (SUS) only. Approximately 10,900 visits are
made to the emergency department annually, mostly
for cardiovascular diseases, and 272 patients underwent
primary angioplasty in 2019 at this hospital.

Emergency visits and in-hospital deaths registered
between March 16, 2020 and June 16, 2020 (period
when there was a drastic reduction in emergency visits
because of the pandemic-induced social distancing) were
included in the analysis. These data were compared with
the emergency visits and in-hospital deaths registered
between March 16, 2019 and June 16, 2019.

All-cause mortality and cardiovascular mortality
during these periods were analyzed. Cardiovascular
mortality was defined according to the International
Classification of Diseases, tenth revision (ICD-10), as
available, and by review of medical charts.

Cardiovascular causes of death were determined using
the circulatory system diseases listed in the ICD-10 code
range 100-199. After analysis of the incidence of overall
and cardiovascular deaths in proportion to the number
of emergency visits, we analyzed the incidence of deaths
by cardiovascular cause, notably AMI (ICD-10121), heart
failure (HF) (ICD-10 150), stroke (ICD-10 160-164) and
subcategories. Exclusion criteria were lack of data on
emergency admissions in the hospital statistical report,
and restrict access to the electronic medical records for
analysis of the medical history of patients who had died.

The number of all-cause and cardiovascular deaths
and the number of emergency visits were analyzed
weekly during the periods of study (total of 13 weeks/
year), so that curves of the course of these variables, and
curves of the relationship between deaths and emergency
visits over time were constructed.

The following variables were compared between the
two periods of study (2019 vs. 2020): number of all-cause
deaths, number of cardiovascular deaths, demographic
profile (age and sex) of participants who died, number
of emergency visits, ratio of the number of all-cause
deaths to the number of emergency visits, and ratio of
the number of cardiovascular deaths to the number of
emergency visits. We also analyzed the number of beds
in intensive care unit (ICU) between 2019 and 2020 and
the possible increase in the number of patients referred
to the institution in this period.

The study was approved by the ethics committee of the
institution (approval number 34042720.5.1001.0113). All
study procedures were conducted according to the Helsinki
declaration (2013 version). Written informed consent was
waived due to the retrospective nature of the study.

Statistical Analysis

Data were stored in an Excel spreadsheet and then
exported to IBM SPSS Statistics® 18.0. Categorical
variables were presented as frequencies (absolute
and relative) and continuous variables as mean and
standard deviation. In the bivariate analysis, Pearson
chi-square test was used for categorical variables, and
the independent t-test was used for continuous variables,
depending on data normality, which was tested by
the Kolmogorov-Smirnov test. Values of p<0.05 were
considered statistically significant.

Analysis of temporal trends of the number of
emergency visits per week was conducted by simple
linear regression, with construction of an estimated
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model using the formula Y =b0 +b1X, where Y = standard
coefficient, b0 =mean coefficient for the period, bl =mean
annual increment and X = year; a p<0.05 was considered
statistically significant. All assumptions for conducting
the simple linear regression were previously checked.

Results

There was an increase in the number of beds in ICU
from 2019 to 2020; new beds were placed in ICU on
April 04, 2020, indicating an elevation in the number of
beds for severely ill patients during nearly two-thirds of
the study period (Figure 1). No expansion in the health
service coverage or in coverage area was observed from
2019 to 2020.

Mean age of patients who died in 2019 and 2020 was
74.1 years (standard deviation, SD 11.2 years) and 70.0
years (SD 11.1years), respectively, with no statistical
difference (p=0.067). Analysis of the number of deaths
by age range (< 65 years, > 65 and < 75 years, > 75 and
< 85 years and > 85 years) in 2019 and 2020 showed no
statistical difference in the incidence of deaths by age
group between the two years.

Most deaths occurred in male patients — 51.9% of
deaths in 2019 and 58.8% of deaths in 2020 (p = 0.473)
— and due to cardiovascular causes (Figure 2). This is
in agreement with the mortality profile of patients seen
in the institution. No statistical difference was seen in
the proportional incidence of cardiovascular deaths
between 2019 and 2020 (p=0.326). The medical history
of all patients who died in this two-year period could be
accessed through the electronic medical records.

The total number of emergency visits decreased from
2019 to 2020, leading to an elevation in the ratio of the
number of deaths to the number of emergency visits in
2020. The ratio of all-cause deaths to emergency visits
and the ratio of cardiovascular deaths to emergency
visits increased by 45.6% and 62.1%, respectively in 2020
(Table 1).

Figures 3-5 show the weekly course of the number of
emergency visits, ratio of all-cause deaths to emergency
visits, and the ratio of cardiovascular deaths to emergency
visits in 2019 and 2020. The relation of in-hospital deaths
to emergency visits was expressed as percentage.

Analysis of temporal trends revealed a stable pattern
in emergency visits per week in 2019 (p=0.981) and a
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Figure 1 - Number of ICU beds in 2019 and 2020.
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Table 1 - Total deaths, cardiovascular deaths, emergency visits, ratio of all-cause deaths to emergency visits, ratio of

cardiovascular deaths to emergency visits and difference in percentages between 2020 and 2019

Year
Difference
2019 2020
2020-2019
n % % % P
Total deaths 54 100.0% 100.0% -5.6% -
CV* deaths 39 72.2% 80.4% 5.1% 0.326
Emergency visits 2732 100.0% 1772 100.0% -35.1% -
All-cause deaths /
- 1.98% 2.88% 45.6% -
EMGHt
CV* deaths/EMG*T - 1.43% 2.31% 62.1% -

*CV: cardiovascular; tTEMG: emergency visits
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Figure 2 — Proportion of deaths from cardiovascular and non-cardiovascular causes in 2019 and 2020.
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tendency of increase by 8.5 emergency visits per week
in 2020 (p<0.001).

When only cardiovascular deaths were analyzed, we
found an increase in the proportion of deaths related to
AMI and a decrease in the proportion of deaths related
to heart failure in 2020 compared with 2019, with no
statistical difference. The number of deaths related to

stroke was not significant in our institution in the study
period (Table 2).

Other forms of heart diseases, including advanced
atrioventricular and left bundle-branch block, aortic
aneurysm rupture, aortic dissection, and infectious
endocarditis accounted for 28% of cardiovascular deaths
in 2019 and 22% in 2020.
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Figure 3 — Graph showing the evolution of the number of emergency visits per week in 2019 and 2020.
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Figure 4 — Graph showing the evolution of the ratio of total deaths / emergency visits per week in 2019 and 2020.

Regarding non-cardiovascular deaths, septicemia was ~ Discussion

the main cause of deaths in 2019 and 2020. Less frequent
causes included upper digestive hemorrhage, acute renal On March 17, 2020, the government of Santa Catarina
failure, severe bronchospasm, and stage IV cancer. None state declared a state of emergency and established social
of the patients who died in 2020 in the study period had a

positive COVID-19 test.

distancing norms because of the COVID-19 pandemic.

In the beginning, a strict social distancing was imposed,
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Figure 5 — Graph showing the evolution of the cardiovascular deaths / emergency visits ratio per week in 2019 and 2020.
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Table 2 - Distribution of cardiovascular deaths by specific causes in 2019 and 2020

Year
2019 2020
Cause of cardiovascular death n =39 % n =41 % P
AMI* 18 46.1% 24 58.5% 0.268
HF+t 9 23.1% 8 19.5% 0.697
Stroke 1 2.6% 0 0.0% -

*AMI: acute myocardial infarction; tHEF: heart failure; values expressed as absolute number and proportion of total cardiovascular deaths

with ban of public transportation, and closing of hotels,
gyms, malls, and stores. Government officers warned
and pled for people to stay home, which was effective to
reduce COVID-19 transmission. The fear of exposure to
the new coronavirus was felt by the entire population,
especially by the elderly, and may have caused negligence
of cardiovascular symptoms . Cardiovascular diseases are
the main cause of death worldwide, accounting for 31%
of global deaths.™

In the local context, the strategy to reduce coronavirus
transmission to improve the infrastructure of health care
for patients with ARDS was effective at first, with public
policies aimed at assigning resources for providing ICU

beds, so that 21.7% of the intensive care beds would
be occupied by patients with suspected or confirmed
COVID-19. In our institution, there was a 50% increase in
the number of intensive care beds, and the quality of care
of patients without suspected COVID-19 was preserved.
Despite this increase in the number of beds, the area covered
by the institution did not change in 2020, and hence the
increase in the ratio of the number of deaths to the number
of emergency visits was not caused by an elevation in the
referral of severely ill patients. The absence of deaths from
COVID-19 in the analyzed period in 2020 reinforces that
there was no significant change in the sample profile. The
fact that the study was conducted in a specialized, tertiary-
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care center allowed an analysis of specific effects of social
distancing on the cardiovascular system.

During this pandemic, we found that despite the well-
known financial difficulties of SUS and the heterogeneity
among the states, the number of ICU beds in Brazil is the
third highest in the world, lower only than the United
States and Germany. Brazil had advantageous strategies
to fight the pandemic and its consequences, especially the
time to prepare the health system and knowledge about the
disease. However, limitations in the number of diagnostic
tests and identification of transmitters have affected our
epidemiological viewpoint and we have stuck to social
distancing and its consequences."

In light of the need to reduce the likelihood of virus
transmission, the demand for diagnosis and treatment of
cardiovascular events has decreased.'*" This becomes clear
in the comparison of the number of tests and procedures
performed in the institution between 2019 and 2020. A total
of 1,870 echocardiograms and 1,210 catheterizations were
performed in the three-month period (March — June) of
analysis in 2019, whereas in the same period of 2020, 870
echocardiograms and 979 catheterizations were performed.

In a context of drastic reduction in the number of
emergency visits, the number of deaths per number of
emergency visits serves as a parameter for analysis of
the incidence of in-hospital deaths. This is of particular
importance in an institution where most patients are
admitted through the emergency department, including
by self-referral, even being a tertiary hospital.

The increase by 62.1% in the ratio of the number of
cardiovascular deaths to the number of emergency visits
in 2020 is mainly related to the delay in seeking emergency
care due to social distancing policies and reductions in
the number of emergency department admissions for less
severe illnesses. In addition, interruption of outpatient
follow-up has contributed to the increase in cardiovascular
mortality."” Similar phenomena have been observed in large
urban centers like New York and northern Italy.’*" In an
article published in The New York Times in April 2020, Dr.
Harlan M. Krumholz calls attention to the sharp fall in the
number of hospital admissions for AMI and stroke, and
reports a 40-60% drop in admissions for AMI in the USA
according to informal analyses.”” The hypothesis is that
many symptomatic people are opting to remain at home
rather than seek medical care or dying before receiving
medical attention. Patients with cardiovascular disorders
who seek medical attention only after their condition has
worsened are at increased risk of in-hospital death.

An analysis of the Brazilian Society of Cardiology
revealed a 30% increase in the number of cardiovascular
deaths occurring at home between March and May 2020
as compared with the same period in the previous year.?
While Brazil registered almost 80 thousand deaths from
COVID-19 (WHO),* the Brazilian Society of Cardiology
estimated that the number of people who died from
cardiovascular diseases by July 2020 was almost three
times higher, 224 thousand.” Today the number of deaths
from COVID-19 in Brazil exceeds 353 thousand according
to the WHO.

The low incidence of stroke-related deaths in the study
hospital may be related to the existence of public referral
centers for cerebrovascular events in the region.

Considering the increasing number of coronavirus
infected, proportional increase in cardiovascular deaths
and uncertainties in the duration and consequences of the
pandemic, we should be prepared to deal with potential
deleterious effects of COVID-19 on the cardiovascular
system of patients severely affected by the disease. Late
myocardial dysfunction, for example, deserves attention
and investigation.”

Limitations of the present study include the short period
of analysis, which did not represent the whole period of the
pandemic and social distancing, and its retrospective single-
center design, reflecting the reality of a public, tertiary,
specialized hospital. Also, we did not evaluate the reasons
for emergency visits or the severity of the cases. Besides, it
was not possible to analyze the time from symptom onset
to hospital presentation, which could explain at least in
part the increase in the ratio of cardiovascular deaths to
emergency visits in 2020, due to the time-sensitive nature
of cardiovascular events. Further studies are needed
to elucidate the cardiovascular implications of social
distancing in other contexts and regions of Brazil.

Conclusion

During the COVID-19-related social distancing, in-
hospital mortality for cardiovascular diseases increased
proportionally to the number of emergency visits when
compared with the same period in 2019.
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