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Aim: The coronavirus (COVID-19) outbreak in 2019 has negatively impacted the care of
patients with other life-threatening diseases, including acute myocardial infarction (AMI).
However, there is little published information concerning the depth of the impact on the
clinical management and outcome following AMI.

Methods: We enrolled patients with AMI who received urgent primary percutaneous
coronary intervention at the Beijing Tiantan Hospital (Beijing, China) between
December 1, 2019 and April 10, 2020. Patients were divided into 2 cohorts, the pre-
COVID-19 group (from December 1, 2019 to January 31, 2020) and during-COVID-19
group (from February 1, 2020 to April 10, 2020) for analysis. The door-to-balloon (D to B)
time, total hospitalization stay (days) and coronary care unit (CCU) hospitalization days were
calculated. New York Heart Association heart functional class (NYHA class), re-
hospitalization and death ratio in patients were assessed between the two cohorts.

Results: A total of 148 AMI patients were enrolled in this study comprising 53 patients pre-
COVID-19 group and 95 patients during-COVID-19 group. Patients with AMI during-
COVID-19 group had longer symptom onset to hospital time (4.5 [2.0-9.3] vs 3.0 [2.0-
5.0] hours, p = 0.013) and D to B time (96 [74—119] vs 67 [52—81] minutes, p <0.001); the
D to B time shortened during the study period. The two cohorts did not have significantly
different number of hospitalization days, re-hospitalization rates, peak cTnl, BNP or death
rates. For the one-year follow-up, the patients in the during-COVID-19 group were classified
as NYHA class III-IV more frequently (9 [9.7%] vs 0 [0%], p=0.004).

Conclusion: The COVID-19 pandemic significantly affected one measure of critical care of
patients with AMI, NYHA classification, which may have resulted in increased medical
expenses.

Keywords: acute myocardial infarction, COVID-19 pandemic, in-hospital outcome,
New York Heart Association heart functional class

Introduction

The 2019 coronavirus (COVID-19) has rapidly spread worldwide and infected
millions of people. To combat further COVID-19 infection and mortality, response
tactics have been established and include quarantine and social distancing.'™* While
these measures have helped to prevent the spread of COVID-19, the medical care of
patients with other diseases such as AMI has been affected.

Garcia et al recently showed there was a 38% reduction in ST-elevation myo-
cardial infarction (STEMI) cardiac catheterization laboratory activations due to
COVID-19.” Thus, reperfusion therapy for AMI patients may currently be insuffi-
cient during the COVID-19 pandemic. As an early epicenter of COVID-19, China
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rigidly enforced social distancing and quarantine to effec-
tively control COVID-19 spread. Concurrently, hospitals
suspended selective operations, including percutaneous
coronary intervention (PCI) due to COVID-19, but
STEMI as the first treatment strategy was continued, but
managed in a different way. Because regional emergency
medical system (EMS)-based STEMI networks were
closed, thrombolysis was chosen as the first-line therapy
in most hospitals in Beijing, while primary PCI was still
performed for patients with STEMI and non-STEMI when
justified, and following COVID-19 screening in patients.
Currently, there is little information on the direct
impact of COVID-19 on clinical management and out-
comes of AMI. The current study aimed to investigate
the procedural characteristic utilized in our hospital during
the COVID-19 crisis to measure in-hospital outcomes and
one-year follow-up outcomes of AMI in patients.

Methods
Study Population and Design

The present study was approved by the Ethics Committee
of Beijing Tiantan Hospital, Capital Medical University
China), to the
Declaration of Helsinki. This is a retrospective observa-

(Beijing, and performed according
tional study or archived data, thus informed consent was
unnecessary. Our study used numbers instead of names to
identify participants. Removed that contain identifiers,
such as names and addresses. The data was accessible
only to researchers and was not leaked. We retrospectively
enrolled patients with AMI who received urgent primary
percutaneous coronary intervention (PPCI) at the Beijing
Tiantan Hospital from December 1, 2019 to April 10,
2020. The diagnosis of AMI was made according to com-
bination of chest pain symptoms, electrocardiographic
ST-T changes, atherosclerotic risk factors, and elevated
cardiac troponin I at initial or subsequent testing. Patients
were divided into pre- and during-COVID-19 cohorts. The
pre-COVID-19 cohort consisted of 53 patients enrolled
between December 1, 2019 and January 31, 2020, when
standardized healthcare was not influenced by the COVID-
19. Starting on February 1, 2020, when social distancing
was effective, all patients were screened for COVID-19
before the emergency coronary angiography. Screening
included a history of close contact with patients from the
pandemic area, body temperature, blood count, chest com-
puterized tomography (CT) imaging, and DNA specimens
were collected to assay for severe acute respiratory

syndrome coronavirus 2 (SARS-CoV2). We reserved
a specific CT equipment for these patients. Because the
whole numbers of infected patients were low in Beijing, if
the chest CT imaging result was normal, we would per-
formed the PPCI without waited for the nucleic acid result.
A total of 95 patients were enrolled in the during-COVID
-19 cohort in 10 weeks.

Data Collection

Evaluation of patients included complete medical history,
physical examination, blood examination, transthoracic
echocardiography, and coronary angiography. The symp-
tom onset to hospital time, body length, weight, blood
pressure and heart rate on admission, atherosclerotic risk
factors, reports of laboratory measurements, echocardio-
graphy and coronary angiography were documented.
Symptom onset to hospital time was defined as the time
from patient-reported chest discomfort onset to the time of
arrival at Accident and Emergency Department of Beijing
Tiantan Hospital. The door-to-balloon (D to B) time, total
hospitalization days, CCU hospitalization days and one-
year follow-up outcomes were calculated.

Statistical Analysis

Continuous variables are expressed as mean £ SD or
median (interquartile range [IQR]), according to their nor-
mality, and categorical variables are shown as frequencies
(percentages). Comparisons of continuous variables
between two groups were assessed using independent
Student’s #-test or Mann—Whitney U-test depending on
the distribution of variables. One-way ANOVA was used
to compare continuous variables more than two groups.
The chi-square test was used for comparisons between
categorical variables, and Fisher’s exact test was used
when expected frequency was <5. A 2-tailed p value
<0.05 was
Statistical analysis was performed with SPSS version

19.0 software (SPSS Inc, Chicago, Illinois).

considered as statistically significant.

Results

Baseline characteristics of the patients with AMI are sum-
marized in Table 1. The age, sex and atherosclerotic risk
factors were not significantly different between the two
cohorts. Compared with AMI patients pre- COVID-19,
during-COVID-19  had
C-reactive protein (CRP) levels. However, there was no

patients significant  higher

significant difference in total leucocyte count or neutrophil
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Table | Baseline Characteristics of Patients with Acute Myocardial Infarction Pre- and During-COVID-19

Clinical Characteristics Pre-COVID-19 (n = 53) During-COVID-19 (n = 95) P value
Age (years) 593 %122 598 11.9 0.802
Male, no. (%) 41 (77.4%) 77 (81.1%) 0.671
BMI (kg/m?) 287 %76 29.1 £85 0.776
Risk factors, no. (%)
Coronary artery disease 9 (17.0%) 12 (12.6%) 0.471
Hyperlipidemia I'l (20.8%) 29 (30.5%) 0.248
Diabetes mellitus 15 (28.3%) 26 (27.4%) 1.000
Hypertension 28 (52.8%) 51 (53.7%) 1.000
Current smokers 25 (47.2%) 54 (56.8%) 0.304
Stroke 4 (7.5%) 13 (13.7%) 0.297
Laboratory examination
Total cholesterol (mmol/L) 4.64 £ 1.25 4.56 + 0.99 0.647
LDL cholesterol (mmol/L) 304+ 1.10 294 + 0.88 0.558
HDL cholesterol (mmol/L) 1.02 + 0.26 1.04 £ 0.23 0.779
Leucocyte (1079/L) 11.69 9.6l 10.74 + 3.19 0.384
Neutrophils (1079/L) 729 £2.70 799 £3.12 0.187
CRP (mg/L) 1.52 (0.44-3.39) 3.37 (1.09-10.41) 0.002
Fast glucose (mmol/L) 641 £ 2.6l 6.80 +2.79 0.410
Glycosylated hemoglobin (%) 6.66 = 1.81 6.47 + 1.44 0.507
Serum creatinine (umol/L) 74.98 + 21.50 77.63 + 20.85 0.466
eGFR (mL/min) 100.80 + 21.54 98.47 £ 20.12 0.511
Hemoglobin (g/L) 147.59 = 15.71 145.73 + 17.32 0.519
Albumin (g/L) 40.98 + 3.79 40.55 + 3.95 0.534

Note: Data are expressed as mean + SD, number (percentage), or median (interquartile range).
Abbreviations: BMI, body mass index; CRP, C-reactive protein; eGFR, estimated glomerular filtration rate; HDL, high density lipoprotein; LDL, low density lipoprotein.

count between two cohorts. No patients were confirmed
with COVID-19 in our cohort.

Procedural Characteristics of Patients

with AMI Pre- and During-COVID-19

As shown in Table 2, STEMI was very frequent in AMI
patients both pre- and during-COVID-19. The time from
symptom onset to hospital was significantly longer in
patients during-COVID-19 than that in patients pre-COVID
-19 (4.5 [2.093] vs 3.0 [2.0-5.0] hours, p=0.013).
Moreover, patients enrolled during-COVID-19 also had
longer D to B time compared to the pre-COVID-19 group
(96 [74—119] vs 67 [52—81] minutes, p <0.001). Interestingly,
we found although the D to B time was markedly prolonged
at the beginning of COVID-19 epidemic, and it became
shorter in the later ten weeks (Figure 1A). However, there
was no significant change in symptom onset to hospital time
during the COVID-19 epidemic (Figure 1B).

Table 2 Procedural Characteristics of Patients with Acute
Myocardial Infarction Pre- and During-COVID-19

Variables Pre-COVID During- P value
-19 (n=53) COVID-19
(n =95)

STEMI 47 (88.7%) 78 (82.1%) 0.350
Symptom onset to 3.0 (2.0-5.0) 4.5 (2.0-9.3) 0.013
hospital time (hours)
Door-to-balloon 67 (52-81) 96 (74-119) <0.001
(D2B) time (minutes)
Infarct-related artery, 0.089
no. (%)

LAD 32 (60.4%) 41 (43.2%)

LCX 3 (5.7%) 12 (12.8%)

RCA 18 (34.0%) 42 (44.7%)

Note: Data are expressed as mean * SD, number (percentage), or median (inter-
quartile range).

Abbreviations: LAD, left anterior descending coronary artery; LCX, left circum-
flex coronary artery; RCA, right coronary artery; STEMI, ST-segment elevation
myocardial infarction.
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Figure | (A) Changes in door-to-balloon (D to B) time and (B) symptom onset to hospital time during the COVID-19 pandemic.

There was a small difference in infarct-related artery type
between the two cohorts: the left anterior descending cor-
onary artery (LAD) was the most commonly affected vessel
in patients pre-COVID-19, while the right coronary artery
(RCA) was more common in patients during-COVID-19.

Severity and In-Hospital Outcomes of

AMI Pre- and During-COVID-19

Patients with AMI pre- and during-COVID-19 did not have
significantly different initial systolic blood pressure, CCU
hospitalization days, total hospitalization days, death ratio,
peak cTnl or BNP. However, the left ventricular ejection
fraction (LVEF) was significantly higher in patients during-
COVID-19 than that in patients pre-COVID-19 (Table 3.).

One Year Follow-Up Outcomes of AMI
Pre-and During-COVID-19 Groups

There was no difference in death ratio between pre- and
during-COVID-19 groups (2[3.8%] vs 2[2.1%], p=0.550).

However, patients enrolled during-COVID-19 developed
NYHA class III-IV more frequently (9 [9.7%] vs 0 [0%],
p=0.004) (Table 4).

Discussion

The present study revealed that there was no effect of
hospitalization during COVID-19 on hospitalization days,
peak cTnl, BNP or death ratio, but AMI patients had
increased D to B time and symptom onset to hospital
time. Most important is the observation that during-
COVID-19 more AMI patients were classified as NYHA
HI-IV more frequently at one-year follow-up.

Recent literature suggests that the COVID-19 pan-
demic delayed critical medical care and clinical manage-
ment of AMI patients requiring emergency treatment. In
a study with 7 STEMI patients, Tam et al showed that the
symptom onset to hospital time, door-to-device time and
catheterization laboratory arrival-to-device time were pro-
longed after COVID-19 breakout,® and Hammad et al

Table 3 In-Hospital Outcomes of Acute Myocardial Infarction Pre- and During-COVID-19

Variables Pre-COVID-19 (n = 53) During-COVID-19 (n = 95) P value
Systolic blood pressure (mmHg) 127.6 £ 20.5 1234 £ 23.8 0.282
CCU hospitalization days 3.54 + 325 3.73 £291 0.724
Total hospitalization days 8.76 £ 4.79 9.35 £ 5.80 0.539
Killip functional class Il or IV, no. (%) 9 (17.0%) 15 (15.8%) 1.000
Shock, no. (%) 16 (30.2%) 19 (20.0%) 0.226
Death, no. (%) 2 (3.8%) 2 (2.1%) 0.620
Lowest level LVEF (%) 53.0 £ 83 56.0+78 0.034
Peak cTnl 66.8 (23.3—139.5) 46.7 (19.1-117.0) 0.289
Peak BNP 347.6 (232.0-763.7) 361.9 (198.3-701.8) 0.489
Peak CRP 12.4 (6.8-61.6) 22.0 (7.6-70.0) 0.409

Note: Data are expressed as mean + SD, number (percentage), or median (interquartile range).
Abbreviations: BNP, B-type natriuretic peptide; CCU, coronary care unit; CRP, C-reactive protein; cTnl, cardiac troponin I; LVEF, left ventricular ejection fraction.
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Table 4 Outcomes of Acute Myocardial Infarction Pre- and
During-COVID-19 at |-Year Follow-Up

Variables Pre-COVID During- P value
-19 (n =53) COVID-19
(n=95)
Death, no. (%) 2 (3.8%) 2 (2.1%) 0.550
NYHA heart functional 0.004
class, no. (%)
| 41 (80.4%) 76 (81.7%)
1l 10 (19.6%) 8 (8.6%)
1] 0 9 (9.7%)
\% 0 0

Note: NYHA heart functional class and heart functional were assessed in 51
survivors of Pre-COVID-19 cohort and 93 survivors of During-COVID-19 cohort.
Abbreviation: NYHA, New York Heart Association.

found there were more late-presenting STEMI patients
during the COVID-19 pandemic.”

The China Chest Pain Center reported national data in
November, 2020, based upon 28,189 STEMI patients
admitted to 1,372 Chest Pain Centers between
December 27, 2019 and February 20, 2020. The results
showed the COVID-19 outbreak reduced the number of
STEMI cases, and the percentage of patients undergoing
PPCI declined, while the percentage of patients under-
going thrombolysis increased. With an average delay of
approximately 20 min for reperfusion therapy, the rate of
in-hospital mortality and in-hospital heart failure increased
during the outbreak, but the rate of in-hospital hemorrhage
remained stable.® Consistent with the previous studies, our
data suggests that both symptom onset to hospital time and
D to B time were delayed during COVID-19 pandemic. In
our study, COVID-19 screening was performed before
emergency coronary angiography, which often delayed
angiography by 30 minutes. Therefore, it was not surpris-
ing that D to B time was markedly prolonged.
Furthermore, because additional personal protective equip-
ment (PPE) was necessary at all stages of treatment, there
were additional delays incurred.

Of importance to the adequate treatment of AMI
patients, we found that although the D to B time was
increased at the beginning of COVID-19 epidemic, it
was shortened later during the epidemic due to gradually
improved screening and management algorithm.’ In con-
trast, the symptom onset to hospital time during the
COVID-19 pandemic did not change significantly.

In Europe, especially, data from Italy, the second coun-
try touched by the epidemic after China from a temporal

point of view, provided the similar and different results
and other methods balanced epidemic and AMI patients.
Firstly, several studies reported STEMI patients had
a longer time from symptom onset to hospital presentation.
In Rome, De Rosa et al observed a 48.4% reduction in
admissions for AMI compared with the equivalent week in
2019. They summarized that admissions for AMI were
significantly reduced during the COVID-19 pandemic
across Italy, with a parallel increase in fatality and com-
plication rates.'® In Milan, Cosentino et al observed a two-
fold longer time from symptom onset to hospital
presentation and a three-fold higher rate of cardiogenic
shock and in-hospital cardiac mortality during the
COVID-19 outbreak when compared with those during
the same time interval in 2019."" They also provided
a flowchart for shared early experience in AMI patients
during epidemic.'? In our study, we had a similar result
prolonged time from symptom onset to hospital and dif-
ferent result that the mortality remained at the same level.

To analyze the results, the Italian government centra-
lized the treatment of STEMI in a very limited number of
centres, which could control the epidemic more effec-
tively, but might increase the difficulty for AMI patients
in hospital presentation and cause panic among people. In
Beijing, due to rapid and effective outbreak control of
government, all the hospitals could receive AMI patients
and perform PPCI. Because the whole city had a very low
infected rate, each hospital could achieve the routine ther-
apy with a limited influence by epidemic.

The key issue of importance in this study was to
determine whether the COVID-19 pandemic would wor-
sen the prognosis and treatment of AMI. Treatment delays
are a very important index of the quality of care for an
AMI patient. Hammad et al studied 35 STEMI patients
during COVID-19 pandemic and found late-presenting
patients had significant reduced LVEF and elevated
troponin.” However, our investigation showed that the
COVID-19 pandemic did not affect peak troponin I,
BNP, total hospitalization days, or in-hospital death ratio.
The CCU hospitalization days were also not increased
though some patients had to wait for nucleic acid test
result before being transferred to general wards. The dur-
ing-COVID-19 patients in our study had the higher LVEF,
and this cohort of patients also had worse NYHA heart
functional class. This suggests the possibility of re-
hospitalization and increased medical expenses for those

patients, but that remains to be established.
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Conclusions

The COVID-19 pandemic negatively affected the medical
care and clinical management of AMI patients. While we
show that optimizing patient screening can help shorten in-
hospital delays, the COVID-19 pandemic did not affect in-
hospital outcomes, but it had a serious effect on NYHA
heart functional class of patients. There are some limita-
tions to this retrospective study that need to be stated. The
study is a single-center study and the sample size was not
very large due to limited enrollment time. A larger popula-
tion and multi-center study may be needed in the future to
further understand the impact of COVID-19 on the man-
agement of AMI patients and their quality of life.
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