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Geographic distribution of COVID-19 cases worldwide, as of 23 April 2020

Total cases Total deaths Cases Deaths
gince 31st Dec 2819 (**) worldwide since 315t Dec 2819 by selected criteria (**) EU/EEA&U K by selected criteria
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Cardiovascular involvement in COVID-19
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Study Patients Outcomes
Wang 2020 [7]. 138 hospitalized If:“{}al e"e““’fgé (1?:?%‘),
retrospective, single-center case series patients {: > non- ga 1ens.
Arrhythmia 16 (44.4%) vs. 7 (6.9%), p<0.001)
Liu 2020 [15]. retrospective, 137 hospitalized Total events: 10 (7.3%)*
nine- tertiary hospitals (cohort) patients ' T
i . Owerall: 5 (12%)
o 202
Huang J};gh[; 1-: ]Sj rll'il]:mspecnve, 41 hc;st?el:ft];zed ICU patients: 4 (31%) Vs.
Y P non-ICU patients: 1 (4%). p=0.017
. 07
Myocardial injury Wang 2020 [7]. retrospective, single- 138 hospitalized Ove_trall.l 10(7.2%)
(elevated ¢Tnl) ¢ ) tiont ICU patients: 8 (22.2%) Vs.
elevated c center case series patients non-ICU patients 2 (2.0%). p<0.001
Zhou 2020 [11]. retrospective. multicenter | 191 hospitalized Slgf\fsurs:' 313((15)% ;3,5
. . o .
cohort study patients non survivors: 32 (59%), p<0.0001
5 (7%) deaths from myocardial damage and
M diti Ruan 2020 [20]. retrospective, multicenter 1%80{}33133;21 circulatory failure
yocardis study pa til;lts 22 (33%) deaths from myocardial damage

and respiratory failure®*

Heart Failure

Zhou 2020 [11]. retrospective, multicenter
cohort study

191 hospitalized

patients

Ovwverall: 44 (23%)
Survivors: 16 (12%) Vs.

non-survivors 28 (52%). p<0.0001

Vlachakis PK et al. Hellenic Journal of Cardiology. 2020.
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v'Long QT syndrome (1-5/10.000)
v'Short QT syndrome (<1/10.000)
v'Brugada syndrome (1-5/10.000)

v'Catecholaminergic polymorphic ventricular
tachycardia(<1/10.000)

v Early repolarisation syndrome(<1/10.000)
v'Primary ventricular fibrillation (<1/10.000)

1 o x ; . . y
. %, ventricular fibrillation . 1
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Leading cause of autopsy-negative SD in the young!)

Prevalence: = 1:20002)

- Syncope: early childhood or teenagers (=12 yo)

Clinical manifestations:
- Sudden death: secondary to torsade de pointes

¢ Prolonged QT interval

Electrocardiogram:
o T- .
T-wave alterations Suggested Bazett-Corrected QTc Values for Diagnosing QT Prolongation

Higher risk of TdP if QTc >500 ms
1. Tester DJ et al. Circulation 2011;49:240-6 (>550 ms if QRS >120 mS)

2. Schwartz PJ et al. Circulation 2009 : :
3. Gondenberg | et al.JCE 2006 Prolonged >460 >0 Iil




Congenital LQTS:
eautosomal dominant (1/2000)
eautosomal recessive (1-6/10°)

Acquired LQTS:
*Drugs (class | or Il AADs, etc.)
*Metabolic disorders (hipoK*, hipoCa?*, hipoMg?*, etc.)
*Bradycardia
*Others

*Genetic predisposition



FACTORS THAT PREDISPOSE TO QTc PROLONGATION (and Torsade de Pointes)

Non-modifiable factors

* Female sex

» Significant underlying heart disease: severe hypertrophy, ischemic heart disease, decompensated
heart failure

e Subarachnoid hemorrhage

* Congenital long QT syndrome

* Genetic polymorphisms

Modifiable factors

* lonic disorders: hypokalemia, hypomagnesemia, hypocalcemia.

* Bradycardia

* Simultaneous administration of drugs associated with QTc prolongation.



An International, Multicentered, Evidence-
Based Reappraisal of Genes Reported to

Table 2. Classification of Genetic Evidence for Genes Previously Reported as Causing LQTS ( Cause Congenital Long QT Synd rome

85-90% of

genotyped

patients

Gene LAQTS alLQTS Syndromic*
AKAF9 Disputed
ANKZ Disputed
CACNATIC Moderate Definitive (Timothy syndrome)
CALMT Definitivet
CALMZ Definitivet
CALMI Definitivet
CAVS Limited
KCNET Limited Strong
KCNEZ Disputed Strong
KCNHZ2 Definitive
KONJZ Limited Definitive {Andersen-Tawil syndrome}
KONJS Disputed
KCNQ1 Cefinitive
SCN4E Disputed
SCNSA Cefinitive
SNTAT Disputed
TRON Strongi

alLQTs indicates acquired long QT syndrome; and LATS, congenital long QT syndrome.

* Multiorgan syndrome including QT prolongation and cardiac arrhythmias.

T LATS presenting in infancy or early childhood with heart block and severe QT prolongation.
1 QT prolongation, negative T waves in precordial leads, and exercise-induced arrhythmias in early childhood related to

homozygous or compound heterozygous frameshift mutations.

Adler A et al. Circulation 2020;141:418-428
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Schwartz PJ et al. Circulation 2001;103:89-95



Table 2. Risk Mechanisms and Genotype-Specific Therapy Based on Clinical and Experimental Data in LOT1, LQT2, and LQT3 Forms

of Long QT (LQT) Syndrome

s Lar2 LoT3
Exercise restriction +++ 4+ v
j-blockers +++ + o+ 2
Potassium supplement + B g
Mexiletine 4 + T A
Flecainide No data No data +++ (AKPQ, D1790G)
Ranolazine No data No data ++ (AKPQ)
LCSD in high-risk patients ++ ++ ++
ICD in high-risk patients +++ AT T

Moss Al et al. Circ Arrhythm Electrophysiol 2008;1:219-226



Stage | Stage I Stage Ill

(Early Infection) (Pulmonary Phase) (Hyperinflammation Phase)
| | I
, A ; B !
| |
| I
|

il
Host inflammatory response phase

8 Antiinflamatory drugs

Time course

Severity of lliness

-‘-_‘_-‘-"'_"--—-_

Mild constitutional symptoms
Fever >99.6°F
Dry Cough, diarrhea, headache

ARDS

Shortness of Breath
Hypoxia (Pa02/Fi02<300mmHg)

Clinical

SIRS/Shaock
Symptoms

Cardiac Failure

Elevated inflammatory markers
(CRP, LDH, IL-6, D-dimer, ferritin)
Troponin, NT-proBNP elevation

Lymphopenia, increased Abnormal chest imaging

Transaminitis
Low-normal procalcitonin

prothrombin time, increased D-
Dimer and LDH (mild)

Clinical Signs

Siddiqu HK, et al. J Heart Lung Transplant 2020. doi: 10.1016/j.healun.2020.03.012



B u.s. National Library of Medicine

ClinicalTrials.gov

>  Search Results

Ony in vitro and in vivo studies
Few clinical studies in SARS-CoV and MERS-CoV

We are using drugs in off-label indications.
® .. but in few weeks we have learned:
B — Antivirals must be started in early stages
— Stop the inflammatory response before ARDS &

Status

mmmmmmmm , lran
Recruitment € : Kermanshah, Iran, Islamic Republic of
~| Not yet recruiting 2 e Active, Clinical Study To Evaluate The Performance And Safety Of Favipiravir in « COVID- = Drug: Favipiravir » Asst Fatebenefratelli Sacco
~I Recruiting ek COVvID-19 19 » Other: Placebo Milano, Italy
recruiting
| Enrolling by invitation [ NEW |

https://clinicaltrials.org Accessed on April 22", 2020



https://clinicaltrials.org/

Pro-arrhythmogenic effects of COVID-19 therapy

@ESC

CHLOROQUINE

HYDROXY-
CHLOROQUINE

AZITHROMYCINE

LOPINAVIR/
RITONAVIR

HR

Mild |

Mild |

(220,221,224

Mild | @)

NR

AV
CONDUCTION

Mild 1
APR: 14.8 mS(ZN’)

Mild 1

Mild 1 @

Moderatel
APR= 33.5 ms@®

QRS
INTERVAL

Mild 1
AQRSZ 99 ms‘“‘)

Mild 1

Mild T @29

Mild 1
AQRS': 7 ms®)

QTC
INTERVAL

Moderate T
AQT.:= 27- 51

ms216-218)

T AQTC in
14.2%
of pts @9

Moderate T

Agre= 25 ms

(220,221)

Moderate-
Severe 1
AQTC: 5-32

ms226228)

Moderate T
AQTC= 20 ms®®)

TDP RISK

Very-low risk of TdP

(72 cases of
VF/VT/TdP/LQTS
in FAERS registry)

Very-low risk of TdP

(222 cases of
VFNVT/TdP/LQTS
in FAERS registry)

Low risk of TdP

Cumulative incidence
SCD = 64.6/1 million®?

ROR for Tdp =4.76
compared to other
medication
(2.81-798)®°

RR for SCD or
VT= 340 compared to

no macrolide use
(229,231,232

Low risk of TdP
(27 cases of
VF/VT/TdP/ILQTS
in FAERS registry)

HR for Tdp 1.02
(0.26-3.24)@

Two studies have evaluated the
association of chloroquine and
azithromycin for the prevention
and treatment for malaria in
Africa with 114 and 1445
iIndividuals, respectively in the
arm treated with the
combination.

acceptable safety profile

Sagara | et al. Malaria Journal 2014;13(1):458.
Kimani J et al. PLOS ONE 2016;11(6):e0157045

European Society  https://www.escardio.org/Education/COVID-19-and-Cardiology/ESC-COVID-19-Guidance

of Cardiology



TOCILIZUMAB

FINGOLIMOD
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REMDESIVIR

INTERFERON
ALFACON-1
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METILPRED-
NISOLONE

Pro-arrhythmogenic effects of COVID-19 therapy

@ESC

HR

Moderate-
Severe |
Anr=-23
bpm ")

Unknown

Unknown

Unknown

Unknown

AV QRS
CONDUCTION INTERVAL

No ECG changes described®*

Mild-moderate 1 Unknown
Unknown Unknown
Unknown Unknown
Unknown Unknown
Unknown Unknown

QTC
INTERVAL

Mild 1

Unknown

Unknown

Unknown

Unknown

European Society  https://www.escardio.org/Education/COVID-19-and-Cardiology/ESC-COVID-19-Guidance

of Cardiology

TDP RISK

Unknown

Unknown

Unknown

Unknown

Unknown

Unknown



Drug-to-drug interactions

COVID-19 drug

Antiarrhythmic drug

AMIODARONE

BEPRIDIL

DISOPYRAMIDE

DOFETILIDE

DRONEDARONE

FLECAINIDE

IVABRADINE

LIDOCAINE

MEXILETINE

PROPAFENONE

QUINIDINE

SOTALOL

CHLOROQUINE

#*
*

*

*

*

*

#*
*

HYDROXYCHLOROQUINE

#*

*

*
*

AZITHROMYCINE

#*

*

*
*

ATAZANAVIR

ATAZINAVIR/COBICISTAT

LOPINAVIR/RITONAVIR

RIBAVIRIN

REMDESIVIR

FAVIPIRAVIR

BEVACIZUMAB

ECULIZUMAB

TOCILIZUMAB

FINGOLIMOD

INTERFERON

PIRFENIDONE

METHYLPREDNISOLONE

NITAZOXANIDE

Red: avoid combination
Orange: consider modification
monitor therapy

Green: no action needed

Source: UpToDate — Lexicomp®



Airborne isolation

a. Anteroom/hall Patient room Anteroom/hall
3 =t @

Carefully disinfect
all equipment
using product with
known activity
against SARS-
CoV-2.

Place smartphone
in biohazard bag.
Nurse/provider in
PPE helps patient
record mobile
ECG.*

b. Patient room

Patient records Mobile ECG i
mobile ECG with own

phone and

uploaded to 132 3 :
remote monitoring Pl o

personal/loaned platform or e- JaisEa |
mobile ECG device. mailed directly to |
provider(s). jiFid iaasa seasddsasi faes :

Giudicessi JR et al. Mayo Clinic Proceedings. 2020. https.//doi.org/10.1016/j.mayocp.2020.03.024



Inaccurate electrocardiographic interpretation of long QT:
The majority of physicians cannot recogmze a long QT
when they see one L LA —

Appropriate QTc measurement

Viskin S et al. Heart Rhythm 2005; 2:569-574




Trace 1: Distribution of QTc values
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Trace 3: Distribution of QTc values
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Viskin S et al. Heart Rhythm 2005; 2:569-574

Trace 2: Distribution of QTc values

151 — QT experis
= Arrhythmia experis
= (Cardiologists

104 o4

=  Non-cardiologists

I %\#

02 03 04 05 06 07 08
QTc interval

Trace 4: Distribution of QTc values
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Correct classification of QTc intervals
1. LQTS:
 >80% arrhythmia experts
 <50% cardiologists
 <40% non-cardiologists
2. Normal ECGs:

* 96% QT experts
* 62% arrhythmia specialists

<25% of cardiologists and non-cardiologists

Interobserver agreement (Kappa coefficients)
* LQTS experts: 0.82
e Arrhythmia experts: 0.44
e Cardiologists: 0.3
* Non-cardiologists: 0.3



Accurate electrocardiographic assessment of the QT interval:

QT
Teach the tangent QTc(Bazett) = _i_H
N
Pieter G. Postema, MD, Jonas S.S.G. De Jong, MD, Ivo A.C. Van der Bilt, MD, )T

Arthur A.M. Wilde, MD, PhD QTc(Fridericia) = ':t_
vRR

1004
90-
80-
70-
60-
50-
40-
30-
20-
10-

Correct classification (%)

Interobserver agreement (Kappa coefficients)

S BLISEAR O * Students: 0.82 and 0.78
Long QT ECGs (A+B)  Normal ECGs (C+D) All ECGs (A to D) ° LQTS expertS' 0.82

¥ LE S1 S2 AE C NC LE SI SZCNC

e Arrhythmia experts: 0.44
e Cardiologists: 0.3
* Non-cardiologists: 0.3

Postema PG et al. Heart Rhythm 2008;5:1015-1018.



COVID-19: Recommendations to prevent QTc prolongation and TdP

Correct ALL modifiable QTc prolonging factors in ALL
* Concomitant QT-prolonging drugs: STOP unless really needed

Consider NO ECG before start therapy if
* Recent baseline ECG availalbe with QTc <500 ms, and

* No history of structural heart disease, arrhythmias or AND * Keep serum K* 24 mEq/L, Ca** 24.5 mEq/L

syncope, and * Routine Mg** supplemantation; serum mg** 22 mEq/L

* No history of acquired or congenital LQTS, and * Avoid bradycardia <50 bpm

* No bradycardia <50 bpm

Evaluate risk-benefit of COVID QT-prolonging drugs
(consult with cardiology

If started: put patient on telemetr’y

QTc 2500 ms (2550 ms if QRS >120 ms)
or AQTc 260ms, or
ventricular premature beats

QTc <500 ms or
AQTc <60 ms

No further

ECG needed?®

©ESC —

3As long as the patient is clinically stable (e.g. no pronounced vomiting, diarrhoea, signs/symptoms of heart failure or deterioration of respiratory or other organ function).

@ESC

European Society  https://www.escardio.org/Education/COVID-19-and-Cardiology/ESC-COVID-19-Guidance

of Cardiology



COVID-19 and cLQTS: Recommendations to prevent QTc prolongation and TdP

Indication (Hydroxy)Chloroquine

ECG after 1 day. If:
Qlc > S00msec

Patient known with:
- Congenital Long QT syndrome

- Acquired LQTS* No SaTS :
— {(Hydroxy)Chloroquine

Ventricular ectopy

- Use of QT-prolonging medication
incl. lopinavir/ritonavir/remdisivir,
Azithromycin

‘No

- Structural heart disease
- Bradycardia (<50/min)

Continuation of
therapy#
1 No

: . Qk
ECG (or monitorstrip <500msec Start Repeat ECG 4 hrs after first
with lead | or [l): —l (Hydroxy)Chloroquine dosage. If:

QTc >500
Increase Qlc >60msec
Ventricular ectopy

Consult Cardiology Repeat ECG after 1-3 day(s)

*: earlier Qlc prolongation with medication; #: if ventricular ectopy, arrhythmia, dizziness or loss of consciousness: consult cardiology
Wu C-I et al. Heart Rhythm. 2020. Accepted — in press. https://doi.org/10.1016/j.hrthm.2020.03.024



COVID-19 and cLQTS: Recommendations to prevent QTc prolongation and TdP

Indication Azithromycin,
lopinavir/ritonavir/remsidivir

ECG after 1 day. If:
Qlc > 500msec Yes
Ventricular ectopy —

Patient known with:
- Congenital Long QT syndrome Start Azithromycin,
lopinavir/ritonavir/

remsidivir

- Acquired LQTS*®

- Use of QT-prolonging medication
incl. (hydroxy)chloroquine

- Structural heart disease

- Bradycardia (<50/min)

Yes l

‘ No
Continuation of
therapy#

1 No

ECG ' ax
‘(or monitorstrip <500msec Start Azithromycin, Repeat ECG 4 hrs after
with lead | or Il): —) lopinavir/ritonavir/ first dosage. If;

QT >500
Increase Qlc >60msec
Ventricular ectopy

remsidivir

2500msec
Consult Cardiology

Repeat ECG after 1-3 days

*: earlier Qk prolongation with medication; #: if ventricular ectopy, arrhythmia, dizziness or loss of consciousness: consult cardiology

Wu C-I et al. Heart Rhythm. 2020. Accepted — in press. https://doi.org/10.1016/j.hrthm.2020.03.024



Management of sustained or recurring TdP/VF due to QTc prolongation

Immediate defibrillation.

Hemodynamic instability

Magnesium sulfate 2 g
administered in 1-2 minutes
(regardless of Mg?* levels).

Torsade de pointes [
ventricular fibrillation

Avoid defibrillation

Self-limited and/or with
good hemodynamic
tolerance

Magnesium sulfate 2 mg
VERY IMPORTANT: administered over 15 minutes

| f Mg2+ |evel
- Potassium administration i.v. to maintain K* levels >4.0-4.5 mEg/L. regardless of Mg** levels)

- Ensure adequate levels of Ca?*and Mg?*

- Discontinue causing drugs as well as those that favor the presence of bradycardia.

- In case of non-control with the previous measures, consider temporary transvenous stimulation at frequencies >100 bpm until
resolution of the QTc prolongation (isuprel an alternative but NOT in cLQTS)
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CLINIC

>2000 patients treated for COVID-19

Hospital Universitari

GENERAL RECOMMENDATIONS TO PREVENT PROARRHYTHMIA
1. Correction of predisposing factors for QTc prolongation/TdP in ALL patients:

a. Minimize non-essential drugs that potentially prolong QTc (www.qtdrugs.org) and/or significant drug interactions
(UpToDate — Lexicomp?®).

b. Correction of ionic alterations at the level of K +, Mg2 + and Ca2 + (preferably maintain K + 24 mEq/L)

2. Measurement of baseline QTc on ECG (12-lead, telemetry strip or mobile device)*:

a. If the baseline QTc is <500 ms (or <550 ms in the presence of bundle branch block) the risk of proarrhythmia is low.
b. If the baseline QTc is> 500 ms (or> 550 ms in the presence of bundle branch block), assess risk-benefit.

3. QTc measurement under ECG treatment (telemetry strip or mobile device):

a. If the baseline QTc is <500 ms (or <550 ms in the presence of bundle branch block) the risk of proarrhythmia is low.

b. If the baseline QTc is> 500 ms (or >550 ms in the presence of bundle branch block), assess correctable factors
and/or treatment adjustment.

*Can be skipped if no risk factor for QTc prolongation: cLQTS, prior aLQTS, structural heart disease, bradycardia <50 bpm

It is important to adjust the monitoring needs according to the individual risk of QTc prolongation considering
comorbidities (particularly, if they suffer from congenital long QT) and associated drugs.
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. ERN GUARD-Heart

European Reference Network for Rare and Low Prevalence Complex Diseases of the Heart
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@ EHRA

w EﬁriﬁeagHeartt, ECGen: European Cardiac Arrhythmia Genetics Focus
ythm ASsociation Group of EHRA

@ European Society of Cardiology
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