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Abstract

Objective: No data are available to develop uniform recommendations for reperfusion thera-

pies in ST-segment elevation myocardial infarction (STEMI) during the coronavirus disease 2019

(COVID-19) pandemic. We aimed to fill the evidence gap regarding STEMI reperfusion strategy

during the COVID-19 era.

Methods: Clinical characteristics and outcomes for 17 patients with STEMI who received fibri-

nolysis during the COVID-19 pandemic were compared with 20 patients who received primary

percutaneous coronary intervention (PPCI), and were further compared with another 41 patients

who received PPCI in the pre-COVID-19 period.

Results: In patients with STEMI, fibrinolysis achieved a comparable in-hospital and 30-day pri-

mary composite end point, as compared with those who received PPCI during the COVID-19

pandemic. No major bleeding was detected in either group. Compared patients with STEMI who

received PPCI in the pre-COVID-19 period, we found a remarkable extension of chest pain

onset-to-first medical contact (FMC) and FMC-to-wire crossing times, significantly increased

number and length of stents, and much worse thrombolysis in myocardial infarction flow in

patients with STEMI who received PPCI during the COVID-19 pandemic.
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Conclusion: Owing to its considerable efficacy and safety and advantages in conserving medical

resources, we recommend fibrinolysis as a reasonable alternative for STEMI care during the

COVID-19 pandemic.
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Introduction

Coronavirus disease 2019 (COVID-19) is

caused by severe acute respiratory syn-
drome coronavirus-2 (SARS-CoV-2),

which emerged in December 2019.1,2 This
novel coronavirus spreads extremely fast

and has led to the global COVID-19 pan-

demic. According to World Health
Organization data, up to 18 September

2020, this virus has infected up to

30,000,000 individuals and caused more
than 950,000 deaths worldwide. The current

mortality rate ranges from 2% to 5% of all
patients with COVID-19.3,4 During the ini-

tial COVID-19 outbreak in China, Wuhan

was the worst-affected city. The local gov-
ernment and hospitals responded quickly to

the outbreak and implemented a series of
strategies to contain the spread of SARS-

CoV-2. These stringent infection control

measures effectively limited local contagion.
However, the health care system in

Wuhan has been seriously affected in unex-
pected ways.

ST-segment elevation myocardial infarc-

tion (STEMI) is one of the most life-
threatening cardiovascular emergencies,

with high mortality and morbidity world-

wide. STEMI requires an expeditious diag-
nosis and treatment, thus making adequate

STEMI care one of the greatest unmet
needs in the field of cardiology during the

COVID-19 pandemic. With the goal of
restoring patency of the infarct-related
artery (IRA) as well as reducing the mor-
bidity and mortality of STEMI, both fibri-
nolytic therapy and primary percutaneous
coronary intervention (PPCI) are well-
established reperfusion strategies for
patients with symptoms of ischemia of
�12 hours duration and persistent ST-
segment elevation.5 As the superiority of
PPCI over fibrinolytic therapy has been
shown in many studies, PPCI is the pre-
ferred strategy recommended in the main
guidelines when revascularization is feasible
soon after the first medical contact
(FMC).5,6 Notably, the strategy of reperfu-
sion is determined according to the ische-
mia duration and medical resources,
especially during the COVID-19 pandemic.

Mechanical reperfusion with PPCI
should be performed by an experienced
team, including not only interventional car-
diologists but also skilled support staff.
However, as the pandemic of COVID-19
seriously overwhelmed the clinical work-
force and medical supplies, especially in
Wuhan, the delivery of PPCI for patients
with STEMI presented numerous chal-
lenges. The optimal therapeutic approach
for STEMI care during the COVID-19 pan-
demic is currently under debate.
Cardiovascular societies in different coun-
tries have come out with guidelines in this

2 Journal of International Medical Research



regard. In China, fibrinolytic therapy is rec-
ommended as the primary therapeutic
option for treating patients with
STEMI,7,8 although globally, the prevailing
preference remains continuing a PPCI
approach.9–11

To date, there is no available evidence
regarding the management of reperfusion
strategies in the face of an ongoing infec-
tious disease pandemic. In this retrospective
analysis, we aimed to compare the out-
comes of two separate groups, patients
who underwent fibrinolysis and a PPCI
strategy, in Wuhan during the COVID-19
pandemic, to investigate the optimized
reperfusion strategy in STEMI care. In
this study, we enrolled 41 consecutive
patients who underwent PPCI prior to the
COVID-19 outbreak and compared their
pre-procedural, procedural, and post-
procedural characteristics.

Methods

Study design

The study population comprised contempo-
rary patients diagnosed with STEMI at two
hospitals in Wuhan, China, during the
COVID-19 period (from 23 January to 20
March 2020), and another consecutive
group of patients with STEMI who received
PPCI during the pre-COVID-19 period
(from 1 September to 20 December 2019)
at one of the centers. This study was
approved by the Ethics Committee of
Union Jiangbei Hospital and People’s
Hospital of Dongxihu District. Data were
collected after obtaining informed consent
from the patients. Both centers were PCI-
capable sites in Wuhan. People’s Hospital
of Dongxihu District continued to execute
PPCI for STEMI care even during the
COVID-19 outbreak, with the help of the
local government. Therefore, all patients
receiving PPCI in this study were recruited
from this hospital. During the COVID-19

outbreak, all patients with STEMI were
treated as suspected COVID-19 cases until
they were confirmed to be free of SARS-
CoV-2 infection. This study consisted of
three phases: baseline assessment, in-
hospital assessment, and 30-day follow-up
after reperfusion therapy. Furthermore, we
recorded and analyzed the key time points
as well as pre-procedural, procedural, and
post-procedural characteristics of patients
receiving PPCI treatment.

Patients and medical care

Because Wuhan was the epicenter of the
COVID-19 outbreak, all patients requiring
hospitalization in Wuhan, even those with-
out fever and/or respiratory symptoms
(such as chills, sore throat, or cough) initial-
ly underwent COVID-19 screening, which
included complete blood count, chest com-
puted tomography (CT) scan, SARS-CoV-2
nucleic acid detection, and/or serum
IgM/IgG testing in the emergency depart-
ment (ED).

STEMI diagnosis is mainly based on
chest pain owing to ischemia lasting for at
least 30 minutes and electrocardiogram
(ECG) presenting ST-segment elevation
�0.1mV in at least two frontal plane
leads or �0.2 mV in at least two precordial
leads. The maximum time from the FMC to
ECG and STEMI diagnosis should be �10
minutes.5 Patients with a suspected initial
STEMI diagnosis that was later ruled out
were excluded from this analysis. Unless
contraindicated, all patients with STEMI
received aspirin (300 mg) and clopidogrel
(300 mg). Patients were then managed by
cardiologists for further reperfusion thera-
py. Decisions about the use of other medi-
cations were made at the discretion of the
cardiologists in charge, who were encour-
aged to practice evidence-based medicine
and follow appropriate guidelines in treat-
ing STEMI. Data on key time points in
STEMI care, defined according to the

Wang et al. 3



guideline,5 were recorded. Symptom onset
to FMC time is defined as the time from
onset of patient-reported chest discomfort
to the FMC. FMC to needle/wire crossing
time is defined as the time from the FMC to
prourokinase injection/wire crossing.

The two study hospitals carried out dif-
ferent reperfusion strategies in the included
patients. In Union Jiangbei Hospital, cardi-
ologists followed a protocol recommended
by the Chinese Society of Cardiology for
patients presenting at regional hospitals
�12 hours after symptom onset; during
the COVID-19 outbreak, these patients
received full-dose intravenous fibrinolysis.
In People’s Hospital of Dongxihu District
during both the pre-COVID-19 period and
during the outbreak period, patients
received PPCI according to the existing
STEMI management guidelines.5,6 During
the COVID-19 period, PPCI proceeded
via the radial artery approach, in compli-
ance with the standard algorithms, and
was performed by a skilled medical team
under strict protective measures against
SARS-CoV-2 infection. PPCI was only per-
formed for the affected vessel, in principle.
Because COVID-19 screening would lead to
a significant delay in STEMI treatment,
despite the final results of screening, all
patients with STEMI were initially treated
as suspected COVID-19 cases when receiv-
ing PPCI or systemic thrombolytic therapy.
If COVID-19 was diagnosed after reperfu-
sion therapy, patients were transferred to
the designated infectious disease ward for
further treatment. If COVID-19 and other
infectious diseases were ruled out after
reperfusion therapy, patients were trans-
ferred to the cardiac intensive care unit.

Fibrinolytic therapy

Patients with STEMI received an intrave-
nous injection of 20 mg prourokinase
(Tasly Pharmaceuticals, Shanghai, China),
followed by another 30-mg prourokinase

infusion within 30 minutes.12

Unfractionated heparin (loading dose 60
U/kg with maximum 4000 U, and continu-
ous infusion at 12 U/kg/hour with maxi-
mum 1,000 U/hour for 48 hours) and
clopidogrel 75 mg (instead of a 300-mg
load) were used to minimize bleeding risk;
these were given only to patients age >75
years in the fibrinolytic therapy group.11

The activated partial thromboplastin time
(aPTT) was maintained between 50 and 70
s by adjusting the dose of heparin. If fibri-
nolysis failed, defined as persistent chest
discomfort or <50% resolution of ST ele-
vation 60 to 90 minutes after fibrinolytic
drug administration, the decision to per-
form emergency rescue PCI was made by
the physician responsible for each individu-
al patient. If fibrinolysis was contraindi-
cated, emergency PCI would be performed
in a separate catheterization laboratory in
this hospital, under strict infection control
measures. Otherwise, drug therapy was per-
formed with intensive follow-up via tele-
medicine or occasional visits to the ED
when necessary. Coronary angiography
and elective catheterization, if necessary,
were performed within 3 months once the
COVID-19 outbreak was relatively under
control.

The contraindications of fibrinolysis are
as follows: known intracranial tumors or
cerebrovascular malformations; suspected
aortic dissection; various blood diseases or
bleeding tendency; severe liver or kidney
dysfunction; previous history of cerebral
hemorrhage, hemorrhagic stroke or other
cerebrovascular events within 6 months;
history of bleeding disorders, trauma, or
visceral surgery in the past 4 weeks.12

Staff protection against SARS-CoV-2
infection and catheterization laboratory
disinfection

All health care providers were required to
wear effective personal protective
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equipment (PPE), especially when caring
for patients. Maximum protection was
implemented, to prevent staff exposure to
SARS-CoV-2. Effective PPE includes a dis-
posable surgical cap, N95 mask, disposable
waterproof isolation gown, protection suit,
protective eyewear, full face shield, double
medical gloves, disposable shoe covers, and
rapid hand disinfection solution. In per-
forming PPCI, the number of health care
professionals was reduced to two doctors,
one nurse, and one technician; the
staff underwent a disinfection protocol
between each PPCI procedure, to minimize
exposure and potential transmission of
SARS-CoV-2.

Meticulous deep post-intervention clean-
ing and disinfection of all equipment in the
catheterization laboratory that could poten-
tially be contaminated with SARS-CoV-2
were essential components of infection con-
trol. Thorough environmental and ultravi-
olet light-based disinfection was performed
after each PCI. The time required for clean-
ing and disinfection was � 1 hours. Because
the virus can survive on contaminated sur-
faces for a long time, staff members respon-
sible for cleaning wore full PPE.

Evaluation of IRA reperfusion

All participants were closely monitored
within 24 hours of reperfusion therapy.
During that period, a 12-lead ECG (18-
lead ECG for posterior wall and right ven-
tricular MI) examination was repeated at
30, 60, 90, and 120 minutes after fibrinoly-
sis. When appropriate, an ECG examina-
tion could be done at the discretion of the
responsible physician. Clinical symptoms
and signs were evaluated, especially regard-
ing the duration and relief of chest pain.
Creatine kinase-MB (CK-MB) and high-
sensitivity troponin I (hsTnI; if available)
were measured at 10, 12, 14, 16, 18, and
24 hours after symptom onset. In addition,
IRA patency was evaluated according to

the non-invasive clinical indexes mentioned

below, within 24 hours of fibrinolytic

therapy.
In this study, we used clinical patency to

confirm successful clinical reperfusion with

fibrinolytic therapy. Successful coronary

artery recanalization was diagnosed indi-

rectly using the following non-invasive clin-

ical indexes: (1) chest pain substantially (�
70%) or completely relieved within 120

minutes after thrombolytic therapy; (2)

ST-segment resolution � 50% of the most

elevated lead in the original ECG within 60

to 90 minutes after fibrinolysis; (3) electro-

cardiographic arrhythmias abruptly mani-

fested, improved, or resolved within 2 to 3

hours after thrombolytic therapy; and (4)

premature serum CK-MB enzyme peak

within 14 hours of symptom onset. IRA

patency was determined if any two of the

above four items (excluding 3 and 4) were

achieved.

Diagnosis and treatment of acute

coronary reocclusion

Acute coronary reocclusion was defined as:

(1) recurrence of chest pain within 48 hours

after thrombolysis, lasting � 30 minutes

and that is not resolved with administration

of nitroglycerin tablets; (2) re-elevated ST

segment in the original ECG leads; (3) and

re-elevated serum CK-MB enzyme levels.

Emergency treatment for acute reocclusion

involved immediate re-evaluation of aPTT

and use of additional heparin or dual anti-

platelet therapy (aspirin and clopidogrel) if

this failed to meet the required standard.

Other treatments were determined by the

physician responsible for each individual

patient.13

Study end points

The primary efficacy end point was the
occurrence of major adverse cardiac events

(MACEs) in-hospital and up to 30 days
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after reperfusion therapy, comprising all-
cause death, cardiac death, stroke, re-
infarction/reocclusion, and target vessel
revascularization.13

The key safety end point comprised the
frequency of severe bleeding events,
assessed according to Thrombolysis In
Myocardial Infarction (TIMI) criteria.14

Major bleeding was defined as any intracra-
nial bleeding, or significant clinically rele-
vant hemorrhage, with a � 5 g/dL drop in
hemoglobin (Hb) or � 15-point decrease in
hematocrit. Minor bleeding was defined as
any significant, clinically relevant hemor-
rhage with a 3 to 5 g/dL drop in Hb and
decrease of 9 to 14 points in hematocrit.13

Other bleeding events that did not meet the
above two bleeding criteria were classified
as minimal bleeding.

Secondary end points included: (1) IRA
patency within 24 hours of fibrinolysis;12 (2)
individual components of MACE; (3) re-
hospitalization; and (4) characteristics of
patients with STEMI who received PPCI
treatment, including pre-procedural, proce-
dural, and post-procedural characteristics.

Statistical analysis

Continuous variables are reported as mean
and standard deviation (SD) or median and
interquartile range (IQR), as appropriate.
Categorical variables are summarized
as frequency (percentage). Differences
between continuous variables were assessed
using the unpaired Student t-test when nor-
mally distributed and the Mann–Whitney U
test for those with a non-normal distribu-
tion. Categorical variables were summa-
rized as percentages and compared using
the v2 test or Fisher’s exact test, as appro-
priate. For all tests, a two-sided P value of
<0.05 was considered statistically signifi-
cant. The analysis was performed using
IBM SPSS version 22.0 (IBM Corp.,
Armonk, NY, USA).

Results

Patient characteristics

After excluding eight patients, a total of 78
patients were included in this analysis. Of
these, 41 (53%) underwent PPCI in late
2019 (from 1 September to 20 December
2019), the pre-COVID-19 period, and 37
(47%) received reperfusion therapy during
the COVID-19 outbreak; among patients
treated in the COVID-19 period, 17 (22%)
underwent fibrinolysis and 20 (26%) under-
went PPCI (Figure 1).

The baseline demographic and clinical
characteristics of patients in the pre-
COVID-19 and COVID-19 periods were
basically similar (Table 1). The mean
patient age (SD) was 56.12 (11.02) years,
and 68 patients (87.17%) were men.
The ECG-derived STEMI location was
similar between the two groups, with ante-
rior and inferior locations being the most
common. In this observational study,
patients who presented to the hospital
with STEMI and who underwent PPCI
had both higher Killip class and peak of
troponin I; however, in these patients,
heart structure and function, reflected in
left ventricular end-diastolic diameter
(LVEDD) and left ventricular ejection frac-
tion (LVEF), were not significantly differ-
ent at admission compared with patients
who received fibrinolysis. Of 37 patients,
4 were confirmed to have COVID-19
infection.

In-hospital and 30-day clinical outcomes

Fifteen of 17 patients (88.2%) achieved suc-
cessful clinical reperfusion after fibrinolysis
with prourokinase, according to the indirect
indicators of clinical patency. In the fibrino-
lysis group, the mean onset of chest pain to
FMC time was 338.8 minutes, and the mean
FMC to needle time was 77.53 minutes
(Table 2). The in-hospital and 30-day
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primary composite end point rates as well

as the individual components are shown in

Table 2. No significant difference was

observed between the fibrinolysis group

and PPCI group as far as the frequency of

MACEs during the index hospitalization

and at 30-day follow-up during the

COVID-19 period. During the in-hospital

period, the incidence of all-cause mortality

was 11.76% in patients who underwent

fibrinolysis and 10% in patients who under-

went PPCI in the COVID-19 period.

Among 33 early post-STEMI survivors, all

were followed for more than 30 days. Rates

of cardiac death, stroke re-infarction/

reocclusion, and target vessel revasculariza-

tion were similarly low in both groups. No

major bleeding (TIMI criteria) was detected

during the follow-up period in either group.

Rates of re-hospitalization owing to heart

failure (HF) were similar between groups.

The fibrinolysis group had lower levels of

brain natriuretic peptide (BNP) at 30-day

follow-up; however, these did not reach

statistical significance. There was no differ-

ence in LVEF and LVEDD.
To evaluate the impact of the COVID-19

pandemic on PPCI procedures and out-

comes, we collected data for another con-

secutive 41 patients with STEMI who

underwent PPCI in the People’s Hospital

of Dongxihu District during the pre-

COVID-19 period in late 2019. As shown

in Table 1, the baseline characteristics of

these patients, who received PPCI in the

same hospital, were basically similar to

those of patients who received PPCI

during the COVID-19 period. However,

no in-hospital clinical events occurred in

patients who underwent PPCI during the

pre-COVID-19 period. Compared with

patients who received PPCI in the pre-

COVID-19 period, significantly higher

rates of in-hospital MACEs and a trend of

higher rates of MACEs and re-

hospitalization were observed in patients

who received PPCI in the COVID-19

period (Table 2).

Figure 1. Flow of patients in this study.
COVID-19, coronavirus disease 2019; STEMI, ST-segment elevation myocardial infarction; PPCI, primary
percutaneous coronary intervention.
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Table 1. Baseline characteristics of patients included in this study.

COVID-19 period

Pre-COVID-19

period

*P value †P value

Fibrinolysis

(n¼ 17)

PPCI group

(n¼ 20)

PPCI group

(n¼ 41)

Demographics‡

Age (years) 59.29� 11.46 59.05� 14.07 55.49� 11.89 0.95 0.31

Male sex, No./total No. (%) 15/17 (88.23) 18/20 (90.00) 35/41 (85.37) 1.00 0.61

Median body weight (kg) 65.91� 9.06 71.75� 9.51 68.80� 8.27 0.07 0.22

BMI (kg/m2) 22.95� 2.65 24.61� 2.59 23.78� 2.12 0.06 0.19

Smoker, No./total No. (%) 12/17 (70.59) 15/20 (75.00) 31/41 (75.61) 0.76 0.96

Clinical features‡

Heart rate (bpm) 81.41� 20.56 87.85� 19.52 81.20� 14.62 0.17 0.14

Systolic BP (mmHg) 134.40� 26.53 121.60� 24.32 125.2� 20.40 0.13 0.54

Diastolic BP (mmHg) 81.76� 12.54 74.45� 15.86 75.98� 11.01 0.13 0.66

Cardiac arrest 2/17 (11.76) 2/20 (10) 3/41 (7.32) 1.00 1.00

COVID-19 2/17 (11.76) 2/20 (10) 0/41 (0) 1.00 0.10

Medical history, No./total No. (%)

Diabetes mellitus 2/17 (11.76) 4/20 (20) 5/41 (12.20) 0.67 0.46

Hypertension 10/17 (58.82) 10/20 (50) 18/41 (43.90) 0.74 0.79

Hypercholesterolemia 6/17 (35.29) 7/20 (35) 15/41 (36.59) 1.00 1.00

Peripheral artery disease 0/17 (29.41) 1/20 (5) 1/41 (2.44) 1.00 1.00

TIA/stroke 1/17 (5.88) 3/20 (15) 3/41 (7.32) 0.61 0.38

Angina 5/17 (29.41) 4/20 (20) 13/41 (31.71) 0.70 0.38

History of heart failure 2/17 (11.76) 2/20 (10) 3/41 (7.32) 1.00 1.00

History of myocardial infarction 3/17 (17.65) 3/20 (15) 4/41 (9.76) 1.00 0.67

Prior PCI/CABG 1/17 (5.88) 1/20 (5) 4/41 (9.76) 1.00 1.00

History of bleeding 1/17 (5.88) 2/20 (10) 1/41 (2.44) 1.00 0.25

ECG findings at study enrollment, No./total No. (%)

ST elevation (anterior alone) 8/17 (47.06) 9/20 (45) 16/41 (39.02) 1.00 0.66

ST elevation (anterior and inferior) 1/17 (5.88) 1/20 (5) 0/41 (0) 1.00 0.33

ST elevation (inferior alone) 5/17 (29.41) 10/20 (50) 25/41 (60.98) 0.32 0.42

ST elevation (other) 3/17 (17.65) 0/20 (0) 0/41 (0) 0.09 �
Infarct size

Peak CK-MB (median, IQR) 23.00 (15.50–44.50) 45.50 (20.25–73.76) 46.00 (34.00–56.50) 0.09 0.98

Peak hsTNI (median, IQR) 1844 (368.50–3783) 10691 (774.80–29385) 12477 (3508–22697) 0.04* 0.84

BNP (median, IQR) 150 (80.50–554.50) 200 (87.25–1014) 217 (99–856) 0.56 0.82

Heart structure and function

LVEDD 47.53� 2.85 48.20� 4.49 46.73� 5.84 0.97 0.75

LVEF 59.12� 6.73 56.60� 8.86 53.37� 8.41 0.34 0.16

Killip, n (%) 0.04* 0.04†

I 15/17 (88.23) 9/20 (45) 32/41(78.05)

II 1/17 (5.88) 7/20 (35) 5/41 (12.20)

III/IV 1/17 (5.88) 4/20 (20) 4/41 (9.76)

*P< 0.05, fibrinolysis group versus PPCI, in the COVID-19 period.

†P< 0.05, PPCI in the COVID-19 period versus PPCI, in the pre-COVID-19 period.

‡ Unless otherwise noted, data in the table are frequency (%) or mean (standard deviation).

BMI, body mass index; bpm, beats per minute; COVID-19, coronavirus disease 2019; BP, blood pressure; TIA,

transient ischemic attack; PPCI, primary percutaneous coronary intervention; CABG, coronary artery bypass

grafting; ECG, electrocardiogram; CK-MB, creatine kinase-MB; hsTNI, high-sensitivity troponin I; BNP, brain

natriuretic peptide; IQR, interquartile range; LVEDD, left ventricular end-diastolic diameter; LVEF, left ventricular

ejection fraction.
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Preprocedural, procedural, and

post-procedural characteristics of patients

with STEMI who underwent PPCI during

and prior to the COVID-19 pandemic

Details of the procedural characteristics of

patients are summarized in Table 3. We

detected a remarkable delay in reperfusion

of patients with STEMI. The average time

from symptom onset to FMC was 166.8

minutes in the pre-COVID-19 period, but

this was doubled in the COVID-19 period.

Similarly, the time from FMC to

reperfusion with PPCI (wire crossing) was

118.71� 27.10 minutes and 165.5� 30.11

minutes in these groups, respectively. The

right coronary artery was the IRA in most

cases in both groups (50%), and the proxi-

mal segment was the occlusion site. Drug-

eluting stents were used in over 95% of

PPCI cases. Notably, the number and

length of stents used during the procedure

were markedly increased in patients who

underwent PPCI during the COVID-19

outbreak. Furthermore, PPCI during the

COVID-19 period was associated with

Table 2. In-hospital and 30-day efficacy and safety outcomes.

COVID-19 period

Pre-

COVID-19 era

*P value †P value

Fibrinolysis

(n¼ 17)

PPCI group

(n¼ 20)

PPCI group

(n¼ 41)

In-hospital, No./total No. (%)

All-cause mortality 2/17 (11.76) 2/20 (10) 0/41 1.00 0.10

Cardiac death 2/17 (11.76) 2/20 (10) 0/41 1.00 0.10

Stroke 0/17 0/20 0/41 � �
Re-infarction/reocclusion 1/17 (5.88) 1/20 (5) 0/41 1.00 0.33

Target vessel revascularization 1/17 (5.88) 1/20 (5) 0/41 1.00 0.33

MACE 3/17 (17.65) 3/20 (15) 0/41 0.61 0.03†

Major bleeding 0/17 0/20 0/41 � �
IRA patency 15/17 (88.2) NA NA � �
Onset of chest pain-to-FMC

time, min (mean� SD)

338.8� 145.40 See Table 3 See Table 3 0.80 �

FMC-to-needle time, min (mean� SD) 77.53� 32.88 NA NA � �
30-day follow-up, No./total No. (%)

All-cause mortality 2/17 (11.76) 2/20 (10) 2/41 (4.89) 1.00 1.00

Cardiac death 2/17 (11.76) 2/20 (10) 1/41 (2.44) 1.00 1.00

Stroke 0/17 0/20 1/41 (2.44) � 1.00

Re-infarction/reocclusion 1/17 (5.88) 1/20 (5) 0/41 1.00 1.00

Target vessel revascularization 1/17 (5.88) 1/20 (5) 0/41 1.00 1.00

MACE 3/17 (17.65) 3/20 (15) 2/41 (4.89) 1.00 0.32

Major bleeding 0/17 0/20 0/41 � �
Re-hospitalization 2/17 (11.76) 3/20 (15) 1/41 (2.44) 1.00 0.10

Re-hospitalization owing to HF 1/17 (5.88) 2/20 (10) 1/41 (2.44) 1.00 0.25

BNP (median, IQR) 200 (110–550) 400 (110–927) 340 (180–602) 0.53 0.89

LVEDD 49.67� 3.89 50.44� 4.42 48.39� 5.26 0.60 0.30

LVEF 48.40� 7.79 47.17� 8.89 48.51� 6.37 0.68 0.51

*P< 0.05, fibrinolysis group versus PPCI in the COVID-19 period.

†P< 0.05, PPCI in the COVID-19 period versus PPCI in the pre-COVID-19 period.

COVID-19, coronavirus disease 2019; PPCI, primary percutaneous coronary intervention; MACE, major adverse cardiac

event; IRA, infarct-related artery; FMC, first medical contact; SD, standard deviation; HF, heart failure; BNP, brain natri-

uretic peptide; HF, heart failure; IQR, interquartile range; LVEDD, left ventricular end-diastolic diameter; LVEF, left ven-

tricular ejection fraction.
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reduced post-procedural TIMI flow (2.20�
1.01 vs. 2.78� 0.53; P¼ 0.01), compared

with PPCI performed before the outbreak

of COVID-19. Rates of reinfarction/reoc-

clusion and revascularization after PPCI

performance were similar in both groups.

Management of patients with STEMI

during the COVID-19 pandemic

A proposed management algorithm for

STEMI during the COVID-19 pandemic is

displayed in Figure 2. In summary, patients

with acute chest pain who are highly sus-

pected of STEMI should be transferred to

an isolation ward for acute reperfusion

therapy. In patients presenting �12 hours

after onset of symptoms, emergency intra-

venous fibrinolysis is recommended, unless

contraindicated. Emergency PCI should be

conducted for patients who do not meet the

criteria for recanalization after fibrinolysis,

those who are contraindicated to thrombol-

ysis, or patients in a life-threatening state

even >12 hours after onset of chest pain.

Discussion

The evolving and expanding outbreak of

SARS-CoV-2 infection has caused

Table 3. Preprocedural, procedural, and post-procedural characteristics of patients with STEMI who
received PPCI.

COVID-19 period Pre-COVID-19 period

†P valuePPCI group (n¼ 20) PPCI group (n¼ 41)

Pre-procedural characteristics

Onset of chest pain-to-FMC

time, min (mean� SD)

350.6� 134.90 166.8� 76.64 <0.01†

FMC-to-wire crossing time,

min (mean� SD)

165.5� 30.11 118.71� 27.10 <0.01†

Procedural characteristics, No./total No. (%)

Culprit vessel

LAD 9/20 (45) 14/41 (34.15) 0.41

LCX 1/20 (5) 5/41 (12.20 0.65

RCA 10/20 (50) 22/41 (53.66) 0.79

Other 0/20 (0) 0/41 (0) �
Site of occlusion

Ostial 0/20 (0) 0/41 (0) �
Proximal segment 9/20 (45) 22/41 (53.66) 0.53

Mid segment 8/20 (40) 12/41 (29.27) 0.40

Distal segment 3/20 (15) 7/41 (17.07) 1.00

Drug-eluting stent use 20/20 (100) 39/41 (95.12) 1.00

Drug-eluting stent use (mean� SD) 2.00� 0.73 1.32� 0.61 <0.01†

Mean stent length, mm (mean� SD) 57.35� 23.75 39.93� 18.46 <0.01†

TIMI flow grade (mean� SD) 2.20� 1.01 2.78� 0.53 0.01†

Post-procedural characteristics, No./total No. (%)

Re-infarction/reocclusion (48 h) 1/20 (5) 0/41 (0) 0.33

Target vessel revascularization (48 h) 1/20 (5) 0/41 (0) 0.33

†P< 0.05, PPCI in the COVID-19 period versus PPCI in the pre-COVID-19 period.

STEMI, ST-segment elevation myocardial infarction; PPCI, primary percutaneous coronary intervention; COVID-19,

coronavirus disease 2019; SD, standard deviation; FMC, first medical contact; LAD, left anterior descending; LCX, left

circumflex; RCA, right coronary artery; TIMI, thrombolysis in myocardial infarction.
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important challenges in myocardial reperfu-
sion efforts. The pandemic situation
requires potential modification of estab-
lished processes and practices in care for
STEMI, which is a major public health
problem with high mortality worldwide.6

Taking into consideration the lack of med-
ical resources, together with the risk of
spreading infection with highly contagious
SARS-CoV-2, the Committee of the
Chinese Society of Cardiology recommends
fibrinolytic therapy as the first-choice of
treatment for STEMI,7,8 although the

prevailing guidance globally still favors
continuing a PPCI approach.2,10 However,
there is no available evidence regarding
modified treatment for STEMI during the
era of COVID-19.

To address this gap, we analyzed data of
37 patients from two PCI-capable centers in
Wuhan, who received different primary
reperfusion treatments for STEMI from
23 January to 20 March 2020. Of these, 20
patients received PPCI at Dongxihu
District People’s Hospital, and 17 patients
underwent fibrinolytic treatment at Jiangbe

Figure 2. Proposed management algorithm for patients with STEMI during the COVID-19 pandemic.
COVID-19, coronavirus disease 2019; STEMI, ST-segment elevation myocardial infarction; PCI, percutaneous
coronary intervention.
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Union Hospital, both groups during the
COVID-19 outbreak. Given the epidemiol-
ogy, all patients in Wuhan were treated as
suspected COVID-19 cases until they were
confirmed to be free of SARS-CoV-2 infec-
tion. In our study, 4 out of 37 patients (2
patients in each group) had COVID-19
infection. Most of our patients (89.2%)
who required acute reperfusion therapy
for the management of STEMI were not
infected with COVID-19, although an asso-
ciation has been found between cardiovascu-
lar diseases and COVID-19 infection.15–17

It is well accepted that obtaining timely
reperfusion of the IRA via PPCI as early
as possible is associated with better out-
comes, in comparison with the use of fibri-
nolytic drugs. Unexpectedly, there was no
difference between the fibrinolysis group
and the PPCI group in all-cause death, car-
diac death, stroke, re-infarction/reocclusion,
and revascularization among patients with
STEMI presenting �12 hours after symp-
tom onset during the COVID-19 outbreak.
No major bleeding was detected in either
group. In addition, the LVEF, LVEDD,
and BNP level at 30-day follow-up were
comparable between these two groups. In
summary, we demonstrated that, compared
with fibrinolysis, PPCI had comparable in-
hospital and 30-day follow-up clinical effi-
ciency and safety end points; however,
PPCI requires more PPE and a larger
health care workforce under conditions of
the COVID-19 pandemic.

To explore the mechanisms underlying
our findings, we enrolled another 41 consec-
utive patients with STEMI who received
PPCI from 1 September to 20 December
2019, prior to the COVID-19 outbreak.
Compared with these patients, we observed
a significant delay in the time of chest pain
onset to FMC in the 37 patients who under-
went acute reperfusion therapy during
the COVID-19 outbreak. All patients
admitted during the outbreak did not
achieve guideline-recommended times to

reperfusion (FMC to wire crossing time-
< 90 minutes for regional patients, and
FMC to needle time< 30 minutes).11 It is
understandable that people are reluctant
to go to a hospital during the COVID-19
pandemic; however, this reluctance can lead
to delays in seeking care. Moreover, when
comparing the data of emergency PCI in
the pre-COVID-19 period and during the
COVID outbreak in People’s Hospital of
Dongxihu District, we found that during
the epidemic, the FMC to wire crossing
time of emergency PCI was significantly
prolonged, the total operation time was
dramatically lengthened, and the average
number and length of implanted stents
were markedly increased. These might be
related to the high intensity level of protec-
tive measures during the procedure not only
increasing in difficulty in the fine manipula-
tion of guide wires but also by disturbing
the accurate decision-making by the opera-
tor under the conditions of a pandemic.
Moreover, the shortage of medical staff is
an important factor that cannot be ignored.

We observed that 15 of 17 patients
(88.2%) achieved successful clinical reper-
fusion after fibrinolysis with prourokinase.
This was consistent with phase IV clinical
trials of prourokinase, in which successful
clinical reperfusion was observed in 85.4%
of patients, and the incidence of intracranial
hemorrhage was as low as 0.32%.12 As the
efficiency and safety of fibrinolysis has
improved during the past few years,11,18

fibrinolysis can be considered in patients
with STEMI when it is not possible to exe-
cute PPCI in a timely manner.

With reference to exceeding hospital
capacity, conserving limited medical resour-
ces and minimizing provider as well as
patient exposure to SARS-CoV-2 are par-
ticularly important in the setting of the
COVID-19 pandemic. Compared with
PPCI, fibrinolytic therapy not only saves
PPE and the necessary workforce but it
also minimizes exposure of health care
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providers and patients to the virus.
However, in the current study, we observed
two cases of cardiac death in the fibrinolysis
group. Both of these patients were found to
have large-area MI. Patients with large-area
MI require special attention post fibrinolyt-
ic therapy. Emergency PCI under intensive
infection control measures should be
promptly carried out if fibrinolytic therapy
fails in these patients.

Finally, according to the findings of this
evidence-based study, we propose the fol-
lowing management algorithm for patients
with STEMI during the COVID-19 pan-
demic (Figure 2). In patients with acute
chest pain, an ECG should be recorded
promptly on arrival to the ED, and
COVID-19 screening should be initiated
simultaneously. Once STEMI is diagnosed,
the patient should be admitted to an isola-
tion ward for acute reperfusion therapy.
Intravenous fibrinolysis is recommended
for patients presenting �12 hours after
onset of symptoms, unless contraindicated
to fibrinolysis. Of note, emergency PCI is
indicated in patients who do not meet
vessel recanalization criteria after fibrinoly-
sis, those who are contraindicated to
thrombolysis, or those presenting with life-
threatening status even >12 hours after the
onset of chest pain. Once COVID-19 infec-
tion has been ruled out in patients with
STEMI, they should be transferred to the
cardiac intensive care unit or otherwise con-
tinue therapy in the isolation ward. If nec-
essary, elective PCI should be performed 1
to 3 months after primary reperfusion or
once the COVID-19 epidemic is relatively
controlled.

Study limitations

First, the data were collected from different
hospitals during the COVID-19 pandemic
period, which may lead to potential con-
founding. Both study centers were PCI-
capable sites; however, only People’s

Hospital of Dongxihu District was able to
continue to execute PPCI for STEMI care
during the COVID-19 outbreak owing to
an insufficient medical workforce and PPE
during that period in Union Jiangbei
Hospital. Nevertheless, we believe that this
situation represents the real-world land-
scape during the COVID-19 epidemic.
Furthermore, the data of patients with
STEMI who underwent PPCI were all col-
lected from the same hospital, including 41
patients in late 2019, prior to the COVID-
19 outbreak, and 20 patients who received
PPCI during the outbreak in 2020; this
reduced potential bias to some extent.
Finally, the number of patients in this ret-
rospective study was small. However, many
studies have reported a dramatic decrease in
hospital admissions for patients with
STEMI during the same months of the pan-
demic in both North America and Europe.
In addition, Wuhan was the epicenter in
China; many patients were reluctant to go
the hospital in a timely manner owing to
fear of contacting COVID-19 and a lack
of public transportation. We believe that
our data are reliable for these reasons.

Conclusion

Managing patients with STEMI is particu-
larly challenging under conditions during
the COVID-19 pandemic, considering the
risk of infection with highly contagious
SARS-CoV2. The pandemic has caused
remarkable delays among patients with
STEMI in seeking medical care and receiv-
ing reperfusion treatment, especially in per-
forming PPCI. In view of the considerable
efficacy and safety of fibrinolysis, as we
observed in this study, and its inherent
advantages in conserving medical resources
and avoiding the spread of SARS-CoV-2 in
the hospital, we recommend that emergency
intravenous fibrinolysis as a reasonable
alternative for STEMI care in the setting
of the COVID-19 pandemic. Our findings

Wang et al. 13



might be helpful for health care providers
treating patients with STEMI during cur-
rent and subsequent outbreaks of COVID-
19, which are predicted by many experts.
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