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global pandemic continues to evolve. These include direct and indirect
myocardial injury with subsequent acute myocardial ischemia, and car-
diac arrhythmia. Some results from a limited number of trials of antiviral
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medications, along with chloroquine/hydroxychloroquine and azithro-
mycin, have been beneficial. However, these pharmacotherapies may
cause drug-induced QT prolongation leading to ventricular arrhyth-
mias and sudden cardiac death. Mitigation of the potential risk in these
susceptible patients may prove exceptionally challenging. The Saudi
Heart Rhythm Society established a task force to perform a review of
this subject based on has recently published reports, and studies and
recommendations from major medical organizations. The objective of
this review is to identify high-risk patients, and to set clear guidelines
for management of patients receiving these pharmacotherapies.

n March 11th, 2020, the World Health Organization (WHO) de-

clared that the outbreak of severe acute respiratory syndrome

coronavirus 2 (SARS-CoV-2) was a global pandemic. No pharma-
cological agents have yet been proven to be safe and effective for the
treatment of COVID-19, the disease caused by SARS-CoV-2. However, a
number of off-label therapeutic regimens have been tried and have shown
potential efficacy in treating high-risk patients diagnosed with COVID-19.
While no proven effective intervention exists, it is appropriate ethically to
offer these experimental interventions to COVID-19 patients after taking
into account all legal considerations. As it is not possible to initiate well-
controlled clinical studies during an emerging pandemic, the experimental
intervention should be documented, and the efficacy and safety should be
monitored.’

Some of these off-label regimens can potentially cause serious adverse
events such as ventricular arrhythmias causing sudden cardiac arrest and
sudden cardiac death. For this reason, we decided to establish national
guidelines on early recognition and management of the potential ar-
rhythmogenic risks of some pharmacological therapy used in treatment of
COVID-19.
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COVID-19 and cardiovascular diseases
The majority of patients who have COVID-19 are as-
ymptomatic or have minor symptoms that occur with
a variety of clinical presentations. Fever is the most
common presentation; other symptoms include cough,
shortness of breath, myalgia, headache, and diarrhea.
Severely affected patients may present with acute re-
spiratory distress, septic shock or multiorgan failure
that requires invasive mechanical ventilation and other
supportive measures.?

COVID-19 may affect the cardiovascular (CV) sys-
tem directly or can exacerbate pre-existing cardiovas-
cular diseases (CVD). Patients with CVD are at a higher
risk of adverse events.*® The prevalence of CVD in
COVID-19 was studied in a meta-analysis of 1527 pa-
tients;? the study showed that 17.1% had hypertension,
16.4% had CVD, and 9.7% had diabetes. Four studies
showed a wide range of CV diseases due to COVID-19
infection, including myocarditis (7-17%), coronary ar-
tery disease (5.8%) heart failure (23%), cardiac arrhyth-
mias (16.7%), and cardiogenic shock.'*7

A multifactorial mechanism of cardiac injury in
COVID-19 infection is suggested by previous stud-
ies on MERS and SARS epidemics and the ongoing
COVID-19 pandemic.® As a part of an acute systemic
inflammatory response, there is a surge of cytokine lev-
els, which can result in direct injury to multiple organs,
including cardiac myocytes. Studies show elevated
levels of proinflammatory cytokines in patients with
severe COVID-19 disease.” SARS-CoV-2 uses ACE2 re-
ceptors as an entry point to the cell. ACE2 receptors
are expressed in both type 1 and type 2 pneumocytes
as well as other types of cells, including endothelial
cells. Acute injury to the heart, lung, and endothelium
results from the interaction of SARS-CoV-2 with ACE2
receptors.” Additionally, patients with COVID-19 infec-
tion are known to have a hypercoagulable state that in
turn may trigger acute coronary syndromes, resulting
in further myocardial injury.’

Drug therapy for COVID-19 and
potential arrhythmogenicity
Lopinavir/ritonavir (a potent CYP3A4-inhibiting drug)
is used to treat human immunodeficiency virus (HIV)
infection and is now under investigation for use in
COVID-19 patients. Lopinavir/ritonavir may cause PR
and QT-interval prolongation especially in patients
taking other QT-prolonging drugs or those with pro-
longed QT at baseline."

Azithromycin (a weak CYP3A4-inhibiting drug) is a
macrolide antibiotic that has been used in some of the
COVID-19 treatment regimens for its antiviral effect.

PHARMACOTHERAPY MANAGEMENT

This agent is well known to cause QT prolongation and
needs special attention with proper ECG surveillance.
The effect of azithromycin on cardiac repolarization is
especially enhanced when used in combination with
other QT-prolonging medications.'

Chloroquine/hydroxychloroquine  (a CYP2Dé-
inhibiting agent) has been widely used as an anti-ma-
larial drug. It also interferes with virus-receptor binding
and shows potential effectiveness as anti-viral therapy.
Chloroquine is well known for its modest effect on
prolonging the QT interval due to its hERG (coded
by the human Ether-a-go-go-Related Gene) potas-
sium channel blocking capabilities. Chloroquine may
also increase the concentration of beta-blockers that
are metabolized by the liver enzyme CYP2Dé (such as
metoprolol, carvedilol, propranolol, or labetalol), and
for this reason, heart rate and blood pressure should
be monitored carefully.'®

Hydroxychloroquine sulfate, a derivative of chloro-
quine, is known to be used as an immunomodulating
agent for autoimmune diseases with less significant
effects on the QT interval compared to chloroquine.
It has been used experimentally in the treatment of
COVID-19 in combination with azithromycin and antivi-
ral agents.” Chloroquine and hydroxychloroquine are
metabolised by CYP3A4, and beside the arrhythmic
risks, both have the potential of causing direct myo-
cardial injury. The major arrhythmic risk is attributed to
torsade de pointes (TdP), especially in patients at risk
of QT prolongation.'®'®

QT prolongation has been reported in cohorts of
patients treated with these COVID-19 drugs, with a
prevalence of up to 90% in some reports.'’'® Individual
cases of QT prolongation-induced TdP in COVID-19
patients have also been reported.”'? A recent meta-
analysis showed that although there was no significant
benefit of hydroxychloroquine on viral clearance, a sig-
nificant increase in mortality was observed in patients
with COVID-19 treated with hydroxychloroquine, com-
pared to the control group.?® Rosenberg et al reported
that cardiac arrest occurred more likely in patients
receiving a combination of hydroxychloroquine and
azithromycin (adjusted OR, 2.13 [95% CI, 1.12-4.05]),
while the risk was lower when hydroxychloroquine or
azithromycin were used alone.?'

How to accurately measure the QT
interval

As the current pandemic continues and these drugs are
prescribed “off-label” as treatment or as prophylaxis,
correct QTc (heart rate-corrected QT interval) interpre-
tation becomes a fundamental clinical skill for all physi-
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cians involved in the care of these patients. The end of
the T wave is not always easy to define; therefore mea-
suring the QT interval can be subjective.?? The meth-
od that is being used for baseline QT measurement
should be documented and used in all following ECGs
to limit subjective variabilities. The QT interval can be
measured manually by different methods, such as the
tangent (QTTan) and threshold (QTThres) methods.? If
the T wave is notched, the second component of the T
wave (T2) is always included in the QT interval. If, how-
ever, the U wave is less than one-half the height of the
T wave, it should be ignored. The end of the T wave
by the tangent method is defined as the point where
the tangent on the steepest point of the terminal limb
of the T wave intersects with the isoelectric baseline
(Figure 1). For the threshold method, the end of the
T wave was defined as the intersection of the terminal
limb of the T wave with the isoelectric baseline (Figure
1). The tangent and threshold methods both have high
diagnostic accuracy and validity.?* The lead with the
longest QT interval should be used for QT measure-
ment to avoid underestimation of QT interval. Lead I
and V5 in the 12-lead ECG is most commonly used to

Figure 1. The tangent and the threshold methods.
The second component of the T wave (T2) is included,
while the U wave is excluded, from QT interval analysis
(illustration from Wikipedia).

special communication

evaluate the QT accurately when compared to other
leads.®

Manual vs electronic QT interval measurement
by the ECG machine

The automated machine measurements of the QTc
value are always higher than the manual measurement,
and that because ECG machines often overestimates
the end of the T wave.? Therefore, manual measure-
ments are always recommended.?’

One lead continuous monitor

As part of infection control mechanisms for patients
with established or suspected COVID-19 infection,
continuous ECG monitoring is often used to monitor
patients. This reduces the number of clinical staff in-
teracting with the patient, thereby reducing the risk to
health care workers and preserving personal protective
equipment. The QT interval can be manually calculat-
ed from lead Il in the continuous monitor as a replace-
ment of the 12-lead ECG in such conditions.

Heart rate correction of the QT interval

The heart rate is the most common parameter that can
truly affect measurement of the QT interval. The slower
the heart rate, the longer the QT interval. To measure
the QT interval correctly, Bazett's formula is used for
heart rate correction.®® The Bazett's formula uses the
manually calculated QT and RR interval to calculate the

QTc:
QT

¢ VRR
Where the RR is calculated in seconds and QT in

msec. An example of the QTc calculation is shown in
Figure 2.

R-R= 1.0 Second

= 1.0

OTec = 400

100 msec

QT= 400 msec

Figure 2. The QTc calculation.
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Mitigating the potential risk of
drug-induced torsade de pointes in
COVID-19 patients

While there is a real, albeit low risk of drug-induced TdP
with the use of hydroxychloroquine, azithromycin, and
lopinavir/ritonavir, small uncontrolled trials suggest a
reduction in viral load and potential clinical benefit.?*'
The COVID-19 pandemic has caused a high demand
on healthcare systems and shortage of personal protec-
tive equipment and even healthcare providers. If these
medications reduce the morbidity and mortality even
slightly, this would represent a significant net benefit
when compared to the risk of drug-induced life-threat-
ening arrhythmia, especially if measures to mitigate
this risk are undertaken. This eventually comes down
to identifying high-risk groups and implementing QT
surveillance during therapy.

Identifying high-risk groups

Drug-induced QT prolongation occurs more commonly
in females than in males and is seen more frequently
in older patients (>65 years of age).*? Patients with
long QT syndrome (LQTS) are known to be high risk.
Electrolyte abnormalities are known to cause QT pro-
longation, especially hypokalemia, hypomagnesemia,
and hypocalcemia.® Patients with underlying cardiac
disease such as myocardial ischemia, dysfunction or
bradycardia are also at risk. These effects are more
pronounced in hospitalized patients who have renal
or hepatic dysfunction, hypoglycemia, hypothermia or
those already on QT-prolonging medications.** Hence,
TdP is more likely to be induced with administration of
a given drug in a hospitalized patient than in an outpa-
tient setting.® It is also safe to assume that severe cases
of COVID-19, especially those with cardiac involve-
ment, would be more predisposed to QT prolongation.
Several clinical stratification tools that may be used to
determine QT-prolongation risks are published in the
literature 363

QTc surveillance during therapy

The goal of QT surveillance is to identify patients who
have abnormal repolarization at baseline or on therapy
in whom serial ECGs and QT prolongation countermea-
sures may be needed. A baseline QT interval measure-
ment via a 12-lead ECG should be obtained before ad-
ministration of COVID-19 pharmacotherapies, particu-
larly in hospitalized patients. A QT interval above the
99th percentile value for healthy individuals (i.e., 460
milliseconds in pre-pubertal females and males, 470
milliseconds in post-pubertal males, and 480 millisec-
onds in post-pubertal females) may signal an individual
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at increased risk for TdP.3® In patients with a QT inter-
val less than the 99th percentile, the risk of TdP is low
and COVID-19 pharmacotherapies may be initiated at
once. Patients with QT intervals >500 millisecond (and
narrow QRS) are at risk of drug-induced TdP and sud-
den death, and every effort should be done to mitigate
this risk (check and correct any electrolyte derangement
and discontinue unnecessary QT prolonging medica-
tions).>?#° In patients with wide QRS (QRS >120 ms) sec-
ondary to bundle branch block or pacing, a QTc of 550
ms is used as a cut-off for normal QTc. The decision to
start QT-prolonging COVID-19 pharmacotherapies in
these patients lies with the treating clinician. When the
benefit of treatment outweighs the risk of arrhythmias,
it would be prudent to start with single therapy rather
than combination therapy, along with close monitoring
(Figure 3).

COVID-19 treatment in patients with inherited
channelopathies

In patients with known inherited LQTS or Brugada syn-
drome, treatment should be undertaken only after con-
sultation with a heart rhythm specialist. Potential mea-
sures to reduce pro-arrhythmic risk in this population
may include aggressive treatment of fever, frequent
QTc interval checks, cardiac pacing, or infusions of lido-
caine, magnesium, or dexmedetomidine.*"#?

Frequency of QTc Surveillance

On-therapy QT assessment for high risk patients (QT
>500 ms) should include a QT interval obtained 2-4
hours after the first dose, then again after 48 hours,
then 96 hours. In low-risk patients, on-therapy assess-
ment should be obtained at 48 and 96 hours.* If on-
therapy QT increases by =60 ms or is =500 ms, then
the QTc prolongation countermeasures need to be re-
viewed, and the medications possibly stopped.

Infection control aspects of QT
monitoring

If measures to mitigate QT prolongation are necessary
they should not increase the risk of exposure to health-
care staff or other patients to SARS-CoV-2.* When it
is necessary to obtain a 12-lead ECG approach, one
ECG machine should be designated for suspected
COVID-19 patients and the number of personnel limit-
ed to minimize the exposure risk and protective equip-
ment consumption. We encourage the use of real-time
QTc monitoring if the telemetry system is equipped
with this feature and using lead Il for QT measure-
ment.? This will not only eliminate exposure risk and
protective equipment use, but also allow for more fre-
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v
No QT prolonging drugs
No unexplained syncope Inherited Long QT or history
No FHx of sudden death of drug-induced torsade de
l Yes [
o
Initiate COVID-19 4
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Outpatient Care < l
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No =
Obtain ECG on day 1

QTc < 500ms

QT prolonging medications considered?
Chlotoquine /hydroxychloroquine, azithromycin,

*  Repeat QTc via 12-lead ECG, telemetry (lead IT), or FDA approved
handheld at 4, 48, 96 hours
*  Monitor electrolytes (K*, Mg*™, Ca**)

lopinavir/ritonavir

Inpatient care

¥

Pre-therapy Assessment
Obtain QTc via 12-lead ECG, telemetry (lead 1I), or FDA approved handheld
Baseline electrolytes (K, Mg™, Ca™)
Check home medications for QRT prolonging drugs
Determine any risk factors for prolonged QT (cardiac disease, renal impairment,

etc)
Normal QTc Prolonged QTc but < 500ms
QTc < 460 ms (pre-pubertal) *  Correct clectrolyte abnormalities (K*
QTc <470 ms (adult males) >4, MG** >2)
QTc <480 ms (adult females) * Discontinue other QT ptrolonging
= drugs
r'y
, ] !
Initiate/ Continue COVID-19 pharmacotherapies  «— “—  Benefit ouweighs risk
4 i s
e it On-therapy Assessment

Consider alternative non-QT prolonging
COVID-19 pharmacotherapies or no therapy

A

No

Discontinue all QT

Figure 3. Flow chart to manage effects on QTc with COVID-19 pharmacotherapies. (ECG: electrocardiogram; K: serum potassium; Mg:

serum magnesium; TdP: torsade de pointes).

quent QT assessments (e.g. once per shift) thereby al-
lowing early detection of QT prolongation and earlier
implementation of countermeasures.

Management of long QT interval
The management of drug-induced long QT syndrome
focuses on the identification of patients at risk of de-
veloping long QT, the monitoring QT duration during
treatment, the early recognition of QT prolongation,
and the correction of reversible causes and treatment of
life-threatening arrhythmia, namely TdP. Before starting
a new treatment with a potential risk of QT prolonga-
tion, the patient’s medical profile should be reviewed
carefully to avoid concomitant use of other QT pro-
longing therapy. There are more than 50 FDA approved
medications with a risk of QT prolongation (a compre-
hensive list can be found on https://www.crediblemeds.
org). Special attention is needed to those commonly
used non-cardiac medications that can potentially pro-
long QT duration such as antiemetic drugs.*”® It is not
uncommon to have electrolyte imbalances during an
acute illness such as COVID-19 infection so careful elec-
trolyte monitoring is recommended.

The most fearful outcome of drug-induced long

QT is sudden death due to polymorphic ventricular
tachycardia. While on such therapy, patients should be
advised to report any new symptoms, especially palpi-
tations and syncope. Patients presenting with hemody-
namically unstable TdP should be treated according to
the Advanced Cardiovascular Life Support (ACLS) pro-
tocol. Infusion of magnesium is the only antiarrhythmic
therapy proven to stabilize TdP (Figure 4).“ Patients
with short runs of polymorphic VT that is hemodynami-
cally stable can be closely monitored. In those patients,
correction of underlying electrolyte imbalances and
elimination of drugs with potential QT prolongation
may be sufficient. Polymorphic VT is more likely to oc-
cur in the setting of bradycardia or frequent pauses;
therefore, discontinuing medications causing bradycar-
dia is important. Patient with AV nodal block or signifi-
cant sinus node disease may require temporary pacing
or isoproterenol infusion.

Conclusion

The COVID-19 pandemic poses a major impact on
health care systems around the globe. Multiple treat-
ment strategies have been published, but results have
been variable. Some of the pharmacological agents
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Management of drug-induced prolonged QT

QT prolongation without TdP Torsade de points (TdP)

Correct electrolyte abnormalities (K* 4-5, l l

Mg*t>2)

Discontinue other QT prolonging drugs

Discontinue therapy if QT >500ms Stable TdP Lt alille Ll
IV Magnesium Sulphate Follow ACLS protocol
Cottect electrolyte abnormalities (K* 4-5,
m++> 2)

Discontinue all QT prolonging drugs
Consider temporaty pacing or isoproteronol

Figure 4. Algorithm for drug-induced QT prolongation management. ACLS: Advanced Cardiovascular Life Support.

e Review other medications for other QT prolonging drugs.

e Check for and correct any electrolyte disturbances.

e Once on therapy, monitor QT interval 2-4 hours after initial dose then 48- and 96-hours
interval.

e Ifthe QT interval prolongs >=60ms or QT>=500ms, then consider therapy cessation or
countermeasures.

* In patients with a known inherited channelopathy, consult heart rhythm specialist

before starting treatment.

Figure 5. Recommended management of patients receiving COVID-19 pharmacotherapies.

used in COVID-19 treatment carry arrhythmogenic risks ~ monitored closely throughout the treatment period.
and can cause malignant ventricular arrhythmias and ~ Timely management of QT prolongation and ventricu-
sudden cardiac death. In patients receiving these phar-  lar arrhythmias is important to reduce the morbidities
macotherapies, the QT interval should be assessed and  associated with these pharmacotherapies (Figure 5).

370 ANN SAUDI MED 2020 SEPTEMBER-OCTOBER WWW.ANNSAUDIMED.NET



PHARMACOTHERAPY MANAGEMENT

REFERENCES

1. World Health Organization. Guidance for
Managing Ethical Issues in Infectious Dis-
ease Outbreaks (World Health Organization,
2016. ISBN 978 92 4 154983 7 (NLM clas-
sification: WA 105).

2.Yao X, Ye F, Zhang M, Cui C, Huang B, Niu
P, et al. Vitro Antiviral Activity and Projection
of Optimized Dosing Design of Hydroxychlo-
roquine for the Treatment of Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-
CoV-2). Clin Infect Dis. 2020 Mar 9:ciaa237.
doi: 10.1093/cid/ciaa237.

3.LiB, Yang J, Zhao F, Zhi L, Wang X, Liu L, et
al. Prevalence and impact of cardiovascular
metabolic diseases on COVID-19 in China.
Clin Res Cardiol. 2020 May;109(5):531-538.
doi: 10.1007/s00392-020-01626-9.

4. Zheng YY, Ma YT, Zhang JY, Xie X. CO-
VID-19 and the cardiovascular system. Nat
Rev Cardiol 17, 259-260 (2020).
5.ZhouF,YuT,DuR, Fan G, LiuY, Liu Z, et al.
Clinical course and risk factors for mortality
of adult inpatients with COVID-19 in Wuhan,
China: a retrospective cohort study. Lancet
2020 Mar 28;395(10229):1054-1062.

6. Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J,
et al. Clinical Characteristics of 138 Hospital-
ized Patients With 2019 Novel Coronavirus-
Infected Pneumonia in Wuhan, China. JAMA
2020.

7. Liu K, Fang YY, Deng Y, Liu W, Wang MF,
Ma JP, et al. Clinical characteristics of novel
coronavirus cases in tertiary hospitals in Hu-
bei Province. Chin Med J (Engl) 2020.

8. Xu Z, Shi L, Wang Y, Zhang J, Huang L,
Zhang C, et al. Pathological findings of CO-
VID-19 associated with acute respiratory
distress syndrome. Lancet Respir Med. 2020
Apr;8(4):420-422.

9. Xiong TY, Redwood S, Prendergast B,
Chen M. Coronaviruses and the cardiovascu-
lar system: acute and long-term implications.
Eur. Heart J. 2020 Mar 18.

10. Fogarty H, Townsend L, Ni Cheallaigh C,
Bergin C, Martin-Loeches |, Browne P, Bacon
CL, et al. COVID-19 Coagulopathy in Cauca-
sian patients. Br J Haematol, 2020 Apr 24.
doi: 10.1111/bjh.16749.

11. KALETRA(R) oral film coated tablets, oral
solution, lopinavir ritonavir oral film coated
tablets, oral solution. Product Insert. AbbVie
Inc. (per FDA), North Chicago, IL, 2013.

12. Choi Y, Lim HS, Chung D, Choi JG, Yoon
D. Risk Evaluation of Azithromycin-Induced
QT Prolongation in Real-World Practice.
Biomed Res Int 2018;2018:1574806.

13. Savarino A, Di Trani L, Donatelli I, Cauda
R, Cassone A. New insights into the antivi-
ral effects of chloroquine. Lancet Infect Dis
2006;6:67-69.

14. White NJ. Cardiotoxicity of antimalarial
drugs. Lancet Infect Dis. 2007;7:549-558.
15. Costedoat-Chalumeau N, Hulot JS,
Amoura Z, Leroux G, Lechat P, Funck-Bren-
tano C, Piette JC. Heart conduction disor-
ders 375 related to antimalarials toxicity: an
analysis of electrocardiograms in 85 patients
treated with hydroxychloroquine for connec-
tive tissue diseases. Rheumatology (Oxford)
2007,46:808-810.

16. Page RL, 2nd, O'Bryant CL, Cheng D,
Dow TJ, Ky B, Stein CM, et al. Drugs That
May Cause or Exacerbate Heart Failure: A
Scientific Statement from the American Heart
Association. Circulation 2016;134:e32-69.

special communication

17. Bessiére F, Roccia H, Deliniére A, Char-
riere R, Chevalier P, Argaud L, et al. As-
sessment of QT Intervals in a Case Series
of Patients With Coronavirus Disease 2019
(COVID-19) Infection Treated With Hy-
droxychloroquine Alone or in Combination
With Azithromycin in an Intensive Care Unit.
JAMA Cardiol. Published online May 01,
2020. doi:10.1001/jamacardio.2020.1787.
18. Mercuro NJ, Yen CF, Shim DJ, Maher
TR, McCoy CM, Zimetbaum PJ, et al. Risk
of QT Interval Prolongation Associated With
Use of Hydroxychloroquine With or Without
Concomitant Azithromycin Among Hospital-
ized Patients Testing Positive for Coronavirus
Disease 2019 (COVID-19). JAMA Cardiol.
Published online May 01, 2020. doi:10.1001/
jamacardio.2020.1834.

19. Chorin E, Wadhwani L, Magnani S, Dai M,
Shulman E, Nadeau-Routhier C, et al. QT In-
terval Prolongation and Torsade De Pointes
in Patients with COVID-19 treated with
Hydroxychloroquine/Azithromycin, Heart
Rhythm, 2020, ISSN 1547-5271, https://doi.
org/10.1016/j.hrthm.2020.05.014.

20. Singh A, Singh A, Singh R, Misra A. Hy-
droxychloroquine in patients with COVID-19:
A Systematic Review and meta-analysis.
Diabetes & Metabolic Syndrome: Clinical
Research & Reviews, 2020,14(4), 589-596.
https://doi.org/https://doi.org/10.1016/j.
dsx.2020.05.017.

21. Rosenberg ES, Dufort EM, Udo T, Wil-
berschied LA, Kumar J, Tesoriero J, et al.
Association of Treatment With Hydroxychlo-
roquine or Azithromycin With In-Hospital
Mortality in Patients With COVID-19 in New
York State. JAMA. Published online May 11,
2020. doi:10.1001/jama.2020.8630.

22, Panicker GK, Karnad DR, Joshi R, Shetty
S, Vyas N, Kothari S, et al. Z-score for bench-
marking reader competence in a central ECG
laboratory. Ann Noninvasive Electrocardiol,
2009;14(1):19-25.

23. Panicker GK, Karnad DR, Natekar M,
Kothari S, Narula D, Lokhandwala Y (2009).
“Intra- and interreader variability in QT inter-
val measurement by tangent and threshold
methods in a central electrocardiogram labo-
ratory”. J Electrocardiol. 2009;42(4):348-52.
24. Vink AS, Neumann B, Lieve KWV, Sinner
MF, Hofman N, el Kadi S, et al. Determination
and Interpretation of the QT Interval. Circu-
lation. 2018;138:2345-2358. DOI:10.1161/
CIRCULATIONAHA.118.033943.

25. Panicker GK, Salvi V, Karnad DR,
Chakraborty S, Manohar D, Lokhandwala Y,
Kothari S (2014). "Drug-induced QT prolon-
gation when QT interval is measured in each
of the 12 ECG leads in men and women
in a thorough QT study”. J Electrocardiol.
2014,47(2):155-157.

26. Hnatkova K, Gang Y, Batchvarov VN,
Malik M. Precision of QT interval measure-
ment by advanced electrocardiographic
equipment. Pacing Clin  Electrophysiol
2006;29:1277-84.

27. Goldenberg I, Moss AJ, Zareba W.
QT interval: how to measure it and what
is “normal”. J Cardiovasc Electrophysiol.
2006;17:333-336.  doi:  10.1111/}.1540-
8167.2006.00408.x.

28. Bazett HC. An analysis of the time-
relations of electrocardiograms.  Heart
1920;7:353-70.

ANN SAUDI MED 2020 SEPTEMBER-OCTOBER WWW.ANNSAUDIMED.NET

29. Gautret P, Lagier JC, Parola P, Hoang VT,
Meddeb L, Mailhe M, et al. Hydroxychlo-
roquine and azithromycin as a treatment
of COVID-19: results of an open-label non-
randomized clinical trial. Int J Antimicrob
Agents. 2020:105949.

30. Dong L, Hu S and Gao J. Discovering
drugs to treat coronavirus disease 2019 (CO-
VID-19). Drug Discov Ther. 2020;14:58-60.
31. Nicastri E, Petrosillo N, Bartoli TA, Lepore
L, Mondi A, Palmieri F, et al. National Insti-
tute for the Infectious Diseases “L. Spallan-
zani”, IRCCS. Recommendations for CO-
VID-19 clinical management. Infect Dis Rep.
2020;12:8543.

32. Yang FD, Wang XQ, Liu XP, Zhao KX, Fu
WH, Hao XR, et al. Sex difference in QTc pro-
longation in chronic institutionalized patients
with schizophrenia on long-term treatment
with typical and atypical antipsychotics. Psy-
chopharmacology. 2011;216(1):9-16.

33. Nachimuthu S, Assar MD, Schussler JM.
Drug-induced QT interval prolongation:
mechanisms and clinical management. Ther
Adv Drug Saf. 2012;3(5):241-253.

34. Schachtele S, Tumena T, Gapmann KG,
Fromm MF, Maas R. Co-prescription of QT
interval prolonging drugs: an analysis in a
large cohort of geriatric patients. PLoS One.
2016;11(5):e0155649.

35. Drew BJ, Ackerman MJ, Funk M, Gibler
WB, Kligfield P, Menon V, et al. Prevention
of torsades de pointes in hospital settings:
a scientific statement from the American
heart association and the American College
of cardiology Foundation. J Am Coll Cardiol
2010;55:934-47.

36. Haugaa KH, Bos JM, Tarrell RF, Morlan
BW, Caraballo PJ, Ackerman MJ. Institution-
wide QT alert system identifies patients
with a high risk of mortality. Mayo Clin Proc.
2013;88(4):315-325.

37. Tisdale JE, Jaynes HA, Kingery JR, Mou-
rad NA, Trujillo TN, Overholser BR, et al.
Development and validation of a risk score
to predict QT interval prolongation in hospi-
talized patients. Circ Cardiovasc Qual Out-
comes. 2013;6(4):479-487.

38. Sharma S, Drezner JA, Baggish A, Papa-
dakis M, Wilson MG, Prutkin JM, et al. Inter-
national recommendations for electrocardio-
graphic interpretation in athletes. Eur Heart
J. 2018;39:1466-1480.

39. US Department of Health and Human
Services, Food and Drug Administration,
Center for Drug Evaluation and Research
(CDER), Center for Biologics Evaluation and
Research (CBER). Guidance for Industry. E14
Clinical Evaluation of QT/QTc Interval Pro-
longation and Proarrhythmic Potential for
Non-Antiarrhythmic Drugs. Rockville (MD):
US Department of Health and Human Ser-
vices; 2005.

40. Porta-Séanchez A, Gilbert C, Spears D,
Amir E, Chan J, Nanthakumar K, et al. Inci-
dence, Diagnosis, and Management of QT
Prolongation Induced by Cancer Therapies:
A Systematic Review. Journal of the Ameri-
can Heart Association, 2017, 6(12), e007724.
https://doi.org/10.1161/JAHA.117.007724.
41. Mitra RL, Greenstein SA, Epstein LM. An
algorithm for managing QT prolongation in
coronavirus disease 2019 (COVID-19) pa-
tients treated with either chloroquine or hy-
droxychloroquine in conjunction with azithro-



372

special communication

mycin: Possible benefits of intravenous
lidocaine. HeartRhythm Case Reports, 2020,
ISSN 2214-0271, https://doi.org/10.1016/j.
hrer.2020.03.016.

42. Kim Y, Kim SY, Lee JS, Kong HJ, Han DW.
Effect of dexmedetomidine on the corrected
QT and Tp-e intervals during spinal anesthe-
sia. Yonsei Med J. 2014;55:517-522.

43. Giudicessi JR, Noseworthy PA, Fried-
man PA, Ackerman MJ. Urgent Guidance
for Navigating and Circumventing the QTc
Prolonging and Torsadogenic Potential of
Possible Pharmacotherapies for COVID-19.

Mayo Clinic Proceedings. 2020;95.

44. Guidance from the CCS COVID-19
Rapid Response Team: Reducing in-hospital
spread and the optimal use of resources
for the care of hospitalized cardiovascular
patients during the COVID-19 pandemic.
2020;2020.

45, Zeltser D, Justo D, Halkin A, Prokhorov V,
Heller K, Viskin S, et al. Torsade de pointes
due to noncardiac drugs: most patients have
easily identifiable risk factors. Medicine (Bal-
timore) 2003;82:282-90.

46. Tzivoni D, Banai S, Schuger C, Benhorin

PHARMACOTHERAPY MANAGEMENT

J, Keren A, Gottlieb S, Stern S. Treatment of
torsade de pointes with magnesium sulfate.
Circulation. 1988;77(2):392-397.

47. Al-Khatib SM, Stevenson WG, Ackerman
MJ, Bryant WJ, Callans DJ, Curtis AB, et al.
(2018) 2017 AHA/ACC/HRS guideline for
management of patients with ventricular ar-
rhythmias and the prevention of sudden car-
diac death: a report of the American College
of Cardiology/American Heart Association
Task Force on Clinical Practice Guidelines
and the Heart Rhythm Society. J Am Coll
Cardiol 72:91-e220.

ANN SAUDI MED 2020 SEPTEMBER-OCTOBER WWW.ANNSAUDIMED.NET



