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We present an unusual case of a patient with
bilateral-lung transplantation due to severe corona-
virus disease 2019 (COVID-19), who subsequently
suffered complications with acute myocardial infarc-
tion and underwent primary percutaneous coronary
intervention (PCI).

A 70-year-old man presented with fever, cough,
and dyspnea after returning from Hubei Province at
the end of Jan. 2020. The diagnosis of COVID-19 had
been confirmed by the nucleic acid test at a local
hospital on Feb. 2, 2020. He had a history of mild
hypertension and Type 2 diabetes without regular
medication. He was a current smoker but denied the
history of ischemic heart disease or hyperlipidemia.

Despite initial treatment with methylpredniso-
lone, umifenovir, and darunavir, the patient’s condi-
tion worsened with continued dyspnea and persisting
fever. On Feb. 9 (Day 7 after symptoms onset), the
patient was transferred to the intensive care unit (ICU)
of our hospital. On arrival, the patient’s vital signs
were stable except for tachypnoea at 27 min . Key
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laboratory results were: white blood cell count,
6.6x10° L_l; neutrophil, 89.1%; hemoglobin, 129 g/L;
platelet count, 180x10° Lfl; creatinine, 64 pmol/L;
high sensitive C reaction protein (hs-CRP), 45.51 mg/L.
chest computed tomography (CT) scan showed bi-
lateral diffuse infiltration.

After admission, he was treated with high-flow
nasal oxygen, methylprednisolone, umifenovir, pip-
eracillin, and tazobactam. On Feb. 14 (Day 12), he
was intubated due to severe hypoxia. On Feb. 22 (Day
20), repeated nucleic acid tests for 2019 novel coro-
navirus (2019-nCoV) in sputum and bronchoalve-
olar lavage fluid were all negative; however, his
condition continued to deteriorate due to pulmonary
consolidation complicated by Stenotrophomonas
maltophilia infection. We began venovenous extra-
corporeal membrane oxygenation (ECMO) treatment
on Feb. 26 (Day 24). A CT scan on Mar. 2 (Day 29)
revealed significant progression of pulmonary con-
solidation (Fig. 1).

A bilateral-lung transplantation was performed
on Mar. 8 (Day 34) after multidisciplinary discussion.
Postoperatively, the ECMO was withdrawn since the
oxygenation had been improved and the patient’s
general condition was more stable. A continuous
renal replacement therapy (CRRT) was started on
Mar. 10 (Day 36/Day 2 postoperative) to support
renal function. On Mar. 11 (Day 3 postoperative),
laboratory results were: hemoglobin, 80 g/L; platelet
count, 36%10° L™'; creatinine, 103 umol/L; interna-
tional normalized ratio (INR), 1.77; activated partial
thromboplastin time (APTT), 45.9 s; prothrombin
time (PT), 20.8 s; D-dimer, 2927.00 pg/L.

On Mar. 12 at 9:00 a.m. (Day 4 postoperative),
the patient developed a sudden episode of ventricular
fibrillation. After cardiopulmonary resuscitation with
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Fig. 1 Severely diffused consolidation of the lung shown by chest X-ray (a) and computed tomography (CT) (b) scans

defibrillation, sinus rhythm was restored. However,
the high-sensitivity cardiac troponin I (hs-cTnl) grad-
ually increased to 23.31 ng/mL. Electrocardiogram
(ECG) showed dynamic change of ST-segment ele-
vation through V1 to V6 leads (Fig. 2). Echocardi-
ography suggested mildly reduced left ventricular (LV)
systolic function and segmental hypokinesia of the
ventricular septum and anterior LV wall. ST-segment
elevation myocardial infarction (STEMI) was diag-
nosed and primary PCI was performed on Mar. 13
at 7:00 p.m. (Day 5 postoperative). Coronary angi-
ography showed severe stenosis and thrombus for-
mation in the middle segment of left anterior de-
scending (LAD) artery with thrombolysis in myo-
cardial infarction (TIMI) Grade 3 flow, and mild to
moderate stenosis in the remaining vessels. A 3.0-mm
diameter by 24-mm long sirolimus-eluting stent
(Partner, Lepu Medical, Beijing, China) was de-
ployed at the LAD lesion, followed by post-dilation
with a 3.25-mm diameter by 15-mm non-compliant
balloon (NC Quantum, Boston Scientific, USA).
Post-procedural TIMI flow was Grade 3 (Fig. 2), and
the patient’s hemodynamics have remained stable
since then. Dual antiplatelet therapy with aspirin
100 mg and clopidogrel 75 mg daily was started after
intervention for 3 d. Aspirin was discontinued on the
fourth day after PCI due to multiple bleeding risks.
Post PCI ECG showed recovery of ST-segment, and
c¢Tnl gradually declined.

Beginning in Dec. 2019, a sudden outbreak of
COVID-19 epidemic swept across China and spread

to many countries around the world. The WHO de-
clared a public health emergency of international
concern on Jan. 30, 2020. COVID-19 mainly affects
the respiratory tract, and the clinical manifestations
are mostly fever, dry cough, fatigue, and dyspnea. In
some cases, the virus can develop into severe pneu-
monia, acute respiratory distress syndrome (ARDS),
and multiple organ dysfunctions (Huang et al., 2020).
It is worth noting that an increasing number of cases
show that in addition to the typical respiratory symp-
toms caused by 2019-nCoV infection, the virus can
also cause cardiovascular complications, especially
severe myocardial damage, which aggravates the
disease and impacts the prognosis.

A recent study reported that among the earliest
41 COVID-19 patients in Wuhan, five were diagnosed
with acute myocardial injury (12%), which was mainly
manifested by elevated levels of hs-cTnl (Huang et al.,
2020). In another recent report of patients in Wuhan,
of the 138 patients hospitalized for COVID-19, 16.7%
developed arrhythmia and 7.2% had acute myocardial
injury (Wang et al., 2020). Among the earliest re-
ported deaths in Wuhan, one patient was diagnosed
with severe COVID-19-associated myocarditis, with
myocardial injury markers up to 20 times the upper
limit of normal range and matched abnormal ECG
manifestations (Wuhan Municipal Health Commis-
sion, 2020).

In addition to direct myocardial damage, COVID-
19 may also be a potential factor that induces instability
of coronary plaque, although researchers currently do
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Fig. 2 Coronary angiograms and electrocardiogram (ECG) after cardiopulmonary resuscitation
Angiograms before (a, b) and after (c, d) primary percutaneous coronary intervention with stent implantation. Right anterior
oblique (RAO) views with cranial angulation (a) and caudal angulation (b) suggest a significant lesion in the left anterior de-
scending artery (arrows). (¢) ECG shows diffuse ST-segment elevation through V1 to V6 leads

not have sufficient direct evidence to confirm this
hypothesis. Previous severe acute respiratory syn-
drome (SARS)-related clinical studies reported mul-
tiple cases complicated with acute myocardial in-
farction. Researchers believed that SARS coronavirus
infection may cause dysregulation of inflammatory
cytokines, such as elevated interleukin (IL)-1B, in-
terferon (IFN)-y, IFN-induced protein-10 (IP-10), and
monocyte chemoattractant protein-1 (MCP-1), which
in turn trigger cytokine storms that cause myocardial
damage and plaque instability in turn leading to

myocardial infarction (Peiris et al., 2003; Tsui et al.,
2005). Recent studies have shown that COVID-19
patients also have cytokine storms caused by the
imbalance of T helper type 1 (Th1) and Th2 responses,
and the levels of inflammatory factors IL-4, IL-10,
and IL-6 in tissue samples were increased (Chen et al.,
2020; Huang et al., 2020).

According to the current internationally accepted
definition of myocardial infarction (Thygesen et al.,
2018), myocardial infarction is divided into five types.
Type 1 is plaque rupture or erosion of the coronary
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arteries, which affects coronary blood flow and leads
to myocardial infarction, and Type 2 refers to an im-
balance of myocardial blood supply/demand caused
by specific factors that can lead to myocardial is-
chemic infarction. In our case, the angiography
showed that the LAD artery was severely stenotic
along with thrombus formation, but the blood flow
was TIMI Grade 3. Based on the clinical characteris-
tics of this case, we propose that the possible mecha-
nism of myocardial infarction here included severe
pulmonary infection, imbalance between coagulation
and fibrinolysis subsequent to lung transplantation,
changes in blood flow shear stress, and possible cy-
tokine storms, which in combination led to plaque
rupture in the LAD artery. Additional factors such as
hypoxia and blood loss may have aggravated the
ischemia. In other words, both Type 1 and Type 2
myocardial infarctions may have contributed to the
patient’s pathophysiological changes.

In terms of treating acute myocardial infarction,
considering that the patient had recent 2019-nCoV
infection and bilateral-lung transplantation, we orga-
nized multiple rounds of multi-disciplinary discus-
sions and decided that primary coronary intervention
rather than thrombolytic therapy was suitable for the
patient. Due to severe infection, recent lung trans-
plantation, and a combination of high bleeding risks
(e.g., advanced age, declined platelet count, and
prolonged PT), we treated the patient with a tailored
antithrombotic regime with dual antiplatelets of aspi-
rin and clopidogrel for 3 d post-PCI, and single an-
tiplatelet therapy with clopidogrel thereafter. We also
intensified prevention of gastrointestinal bleeding
with acid suppression by a proton pump inhibitor and
gastric mucosa protection.

As the designated hospital for the treatment of
critically ill patients with COVID-19 in Zhejiang
Province, our hospital has formulated detailed and
complete plans for various situations in dealing with
infected patients. The areas in which this case patient
was treated included a designated cardiac catheteri-
zation lab that had been divided into a contaminated
area, a semi-contaminated area, a buffer zone, and a
clean area. All the equipment and devices for the
interventional procedures were prepared and were in
place. To prevent cross contamination, our proce-
dures established that all the items could only be
transferred from the outside to the inside in one-way

direction. Although our patient’s nucleic acid test for
2019-nCoV had been negative for over 20 d, all the
participating medical staff were equipped to reduce
the potential risk of cross-infection according to the
standard three-level protection measures including
N95 masks, goggles, face protection masks, and iso-
lation gowns. Coronary intervention was carried out
according to the cardiovascular management principles
of COVID-19 recently released by the Chinese Soci-
ety of Cardiology (CSC) (Han et al., 2020).

Finally, although coronary-computed tomogra-
phy angiography (CTA) was recommended before the
surgery, transporting this patient with multiple sup-
portive equipment was not realistically possible and
the risk for transferring such an unstable patient for a
CT scan was considered to be too high. Thus, coro-
nary CTA was not performed before lung transplan-
tation. The alternative preoperative cardiac assess-
ment could be considered.

This case is the first reported case of COVID-19
complicated with acute myocardial infarction treated
with primary PCI, and the first case of acute myo-
cardial infarction after bilateral-lung transplantation.
In addition to the patient’s underlying severe coro-
nary atherosclerosis, factors such as viral infection,
inflammatory cytokine storm, hypoxia, blood loss,
and bilateral-lung transplantation may contribute to
the pathophysiology of myocardial infarction. Sup-
ported by interdisciplinary team cooperation, we were
able to effectively stabilize the patient, using for full
protection procedures and strictly adhering to estab-
lished methods primary PCI.
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& H: EIE COVID-19 BREX B ARG 2t OUAESE
T RAERAKA NIET — IR G

W OB RSO IR T EREFTAL R E T 4 (COVID-
19) RGBS MRS 1 IFAT BE kA N V897 17
Wi, I 2 R E RRIIRA K A A, N EE
COVID-19 Rt . wAI KM, EIEE
COVID-19 B YL7E il fE HE A 5 0] g H I 2 P fE
KZ=iFEROIWESE, SUER KA NVGIT 206 It
KEHMEEFE.
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