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Abstract:  

India stands on the top position in the incidences of new cases of drug sensitive and resistant tuberculosis. 

Treatment for any ailment contemplates drug safety and patient benefits. Prolongation in QT interval is considered 

as one of the potential adverse effects with anti-tubercular drugs. Being asymptomatic, it is considered as one of the 

endpoints for cardiac safety in pharmacovigilance where it sometimes may lead to syncope and sudden cardiac 

death in an hour reported in few cases. The prolongation in QT interval appears to be overlooked in clinical 

practice which is of the major concern to look into. Generally, the treatment in multidrug resistant tuberculosis 

(MDRTB) includes at least one QT interval prolonging drug in the regimen. This review helps in identifying the 

extent of QT interval prolongation with multi drug resistant tuberculosis regimens. Manuscripts determining the 

antitubercular drugs involved in QT interval lengthening and few describing the health factors for the same taken 

into consideration in this review. QT interval prolongation ascertained with the antitubercular drugs such as 

levofloxacin, moxifloxacin, clofazimine, bedaquiline and delaminid along with these agents confounding factors also 

play a key role. Hence, predictive analyses in developing clinical decision tools are essential for health 

professionals. Priority to enhance for providing interventions based on evidence management in reducing the QT 

interval prolongation is a prerequisite.  
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factors. 
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INTRODUCTION: 

QT interval makes the ventricle more susceptible to 

premature electrical impulses or early after-

depolarization leading to polymorphic ventricular 

tachycardia or the twisting of QRS complexes around 

isoelectric baseline represented as Torsade de pointes 

(TdP). This generally occurs in congenital form or 

drug induced. There are many categories of drugs 

prolonging QT interval.  Treatment for any ailment 

contemplates drug safety and patient benefits. 

Lengthening of QT interval in the electrocardiogram 

has been one of the potential adverse effects with 

drugs involved. Being asymptomatic QT interval 

prolongation is considered as one of the endpoints for 

cardiac safety in pharmacovigilance where it 

sometimes may lead to syncope and sudden cardiac 

death in an hour reported in few cases. The 

prolongation in QT interval appears to be overlooked 

in clinical practice which is of the major concern to 

look into. QT interval measurement includes from the 

initiation of QRS complex to the end of T wave in the 

leads II, V5, V6 of the electrocardiogram. Abnormal 

QT interval makes the ventricle more susceptible to 

premature electrical impulses or early after-

depolarization leading to polymorphic ventricular 

tachycardia or the twisting of QRS complexes around 

isoelectric baseline represented as Torsade de pointes 

(TdP). The clinical manifestations include heart rate 

between 160-240 beats per minute, palpitations, 

dizziness, lightheadedness, shortness of breath, near 

syncope and syncope. Syncope lasts for a very short 

period and sometimes degenerates into ventricular 

fibrillation resulting in sudden cardiac death (SDC).1 

Generally the corrected QT interval calculated 

utilizing Bazette, Fredericia, Framingham or Hodges 

formulae. The reference range of QTc interval for 

men is 350-450milli seconds (ms) and 360-460ms in 

women or a delta QTc (difference between the 

baselines of two QTc in a sequence) of ≥30ms for 

moderately prolonged and QTc ≥ 500ms in men or a 

delta QTc ≥60ms for severely prolonged. The 

American organization credible Meds enlists the 

drugs with known risk for QTc prolongation 

periodically.2 

 

MDRTB treatment includes at least one QT interval 

prolonging drug in its regimen. QT interval 

prolongation ascertained with the antitubercular 

drugs such as levofloxacin, moxifloxacin, 

clofazimine,3 bedaquiline3,4 and delaminid.3,5 This 

review helps in identifying the extent of QT interval 

prolongation causing antitubercular drugs and gives 

an insight on its contributing factors.  

 

METHODS: 

The systematic review of literature performed 

according to Preferred Reporting Items for Systemic 

Reviews and Meta-analysis (PRISMA) statement. 

The published peer-reviewed, scientific evidence 

articles searched in Pubmed, EMBASE and 

Cochrane. The manuscripts obtained using keywords 

such as QT interval, bedaquiline, moxifloxacin, 

levofloxacin, Floroquinolones, clofazimine, 

delaminid, risk factors and scoring with boolean 

operators AND, OR, NOT. All the manuscripts 

screened based on the title and the abstract available. 

Manuscripts’ describing the outcome of the QT 

interval in MDRTB patients and regimens involving 

these antitubercular drugs was the main concern in 

selecting. The manuscripts with an inclusion criterion 

of age above 18 considered. A note on the measures 

in managing the QT interval described in the review.  

 

A total of n=56 records identified through database 

searching from the year 2001 to 2020 excluding 

editorials, abstracts and reviews. The articles dealing 

with other categories of drugs, community-based 

scoring of QT interval excluded. The original 

manuscripts, research articles dealing with 

antitubercular drugs, case reports, eligible included in 

this review. 

 
           Fig 1: Literature survey (PRISMA 2009 flow chart) 
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RESULTS: 

Antitubercular drugs characterized to have QT interval prolongation in MDRTB regimens are bedaquiline, 

delaminid, clofazimine, moxifloxacin and levofloxacin. The regimens consists at least one or more than one QT 

interval prolonging drug. The drug levofloxacin in isoniazid mono resistant tuberculosis, combination of 

moxifloxacin and clofazimine in shorter regimen, and bedaquiline, levofloxacin, clofazimine together in all oral 

longer regimen along with their respective background regimen.3  

 

Table 1: Observed QT interval in patients 

 

First author & 

Year of publication 

Study period & 

Study design 

QT interval prolonging drugs Observed QT interval prolongation 

and 

Remarks 

Rohit Sarin, 20196 1st July, 2016 - 31st 

Dec, 2018 

Prospective cohort 

N=290 

Bedaquiline+clofazimine 

Bedaquiline+moxifloxacin 

n=56 (29.4%) 

Discontinued bedaquline =4 

Withhold if >500ms  

Olatunde olayanju, 

20197 

  

Jan, 2014- Apr, 2018 

Prospective cohort 

N=122 

Bedaquiline alone n=82 

 

Bedaquiline+Delaminid n=40 

QTc>60ms=06 (7.3%) 

       >450ms=16 (19.5%) 

QTc>60ms=07 (20.6%) 

       >450ms=15 (44.1%) 

No >500ms= 0 in both. 

HIV patients  

Bedaquiline alone n=42 

Bedaquiline+Delaminid n=22 

QTc>60ms=05 (11.9%) 

       >450ms=11 (26.2%) 

QTc>60ms=04 (18.2%) 

       >450ms=07 (31.8%) 

No >500ms= 0 in both. 

HIV uninfected patients  

Bedaquiline alone n=40 

Bedaquiline+Delaminid n=18 

QTc>60ms n = 01 (2.5%) 

       >450ms n = 05 (12.5%) 

QTc>60ms n = 03 (16.6%) 

       >450ms n = 08 (44.4%) 

No >500ms n = 0 in both. 

Rohit Sarin, 20198 March, 2017 - 31st 

Nov, 2019 

Prospective cohort 

N=53 

One or two QT interval prolonging 

drugs 

Bedaquiline, Delaminid 

QTc>60ms n = 07 (13.2%) 

QTc>480ms n = 11 (20%) 

QTc>500ms and >60ms n=1 (1.88%) 

Of 11 deaths, n=5 (45.45%) reported 

with prolonged QTc 

Jackie Jones, 

20199 

March 2015 – June 

2016 

Retrospective 

N=32 

Bedaquiline n=8 

n=1 died reported with hypokalemia,  

hypomagnesemia 

STREAM Stage 1, 

201810 

Phase 3, open label, 

randomized controlled 

study N=271 

Shorter regimen QTc>500ms n=28 (9.9%) 

Gabriella Ferlazzo, 

201811 

1st Jan, 2016 – 31st 

Aug, 2016 

Retrospective N=28 

Bedaquiline+Delaminid No QTc>500ms 

QTc >60ms from baseline n=4  

Asymptomatic and no discontinuation of 

treatment. 

Gugliemetti, 201812 Dec, 2016 – July 2017 

Cross-sectional survey 

N=61 

Bedaquiline/ Delaminid n=9 (14.75%) 

Discontinued if QTc>500ms 

Marina Tadolini, 

201613 

Case study, follow up Bedaquiline+Clofazimine QTc>508ms  

 

Alexander S Pym, 

201614 

20th Aug, 2009 – 27th 

Sep, 2010 

Phase 2 Open label, 

Single arm trial 

N=233  

Bedaquiline+Clofazimine n=10 (4.3%) 

QTc>500ms n=2 deaths 

Hypokalemia in n=1patient. 
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DISCUSSION: 

This review gives an insight on the scientific 

evidence of the factors involved in QT interval 

prolongation. Utilizing predictive analysis and 

enumerating the risk factors clinical decision tools, 

scoring techniques developed in finding the 

prolongation in QT interval. 

The shorter regimen in combination with high dose 

moxifloxacin and clofazimine and background 

regimen observes lengthening of QT interval in the 

re-visits among subjects. The preferred measures in 

monitoring the patients comprise dose alterations of 

the moxifloxacin, clofazimine or changing to 

levofloxacin and discontinuing clofazimine. Early 

predictions and monitoring the subjects reduces the 

incidence of side effects.15   

 

A study analysis in the patients diagnosed with 

tuberculosis categorized patients into two groups. 

One group of patients on first line antitubercular 

drugs and the other prescribed with moxifloxacin 

400mg and background regimen. It observes similar 

and normal mean QTc in the two groups on the 

follow-up monitoring.  Only one patient developed 

QTc>487ms with no cardiac events or arrhythmia, 

for which moxifloxacin discontinued permanently. 

No statistical significance with the increment in QTc 

for four months. No impact of the factors such as age, 

gender, body mass index, sputum positive grading 

and involvement of lung zones on QTc interval but 

there was a significant variation in both the groups. 

The study revealed Moxifloxacin 400mg as safe in its 

prolong usage.16 Similar to this, a retrospective study 

on tuberculosis patients determining the safety of 

moxifloxacin 400mg observes no QT interval 

prolongation. But the study observes prominent QT 

prolongation in female gender.17 The female gender 

observes lengthened QTc interval in regimens with 

floroquinolone. Regular monitoring of QT interval in 

women on treatment is required. Prolongation in QT 

interval associates with the influencing factors such 

as female gender, advancing age, anti-retroviral 

therapy, and an increment in body mass index. 

Elevation in body temperature and alteration in serum 

potassium levels results in shortened QTc with no 

statistically significance.18 

 

An integrated study on occurrence of the event, 

Torsade de pointes among patients administered with 

non-cardiac drugs like antimicrobials, 

floroquinolones, antimalarials, macrolides), 

antipsychotics, antihistamines. In most of the 

subjects’ prescribed non-cardiac drugs develop QTc 

prolongation in three days or in a month and above. 

Risk factors like gender, history of heart related 

disease, electrolyte imbalance, drug interactions, 

reduced clearance and simultaneous utilization of 

more than one QT interval drugs should be 

ascertained with control group for a proper 

identification of people who are at risk of QTc 

prolongation.19 Study noticed females are the most 

vulnerable group for unknown reason and following 

evaluation of cardiovascular and non-vascular drugs 

noticed QTc interval >500ms in both classified 

groups.20 

 

A retrospective study for the condition of QT interval 

in the patients treated with levofloxacin illustrates the 

lengthening of QT interval in few subjects. The 

factors such as age, gender, body temperature, 

current status of tobacco products associates with 

QTc prolongation. The findings report no variation in 

the patients receiving levofloxacin while the 

lengthening of QTc observed in a combination of 

drugs for health ailments along with levofloxacin.21  

 

 

Table 2: Factors predicted to be involved in prolonging the QT interval 

 

Anthropometric measures Biochemical investigations Comorbidities 

Advanced age Electrolyte imbalances Kidney dysfunction 

Female gender Altered liver function tests Cardiovascular disorders 

Obesity Serum creatinine Neurological disorders  

Drug induced C-reactive protein Thyroidal illness 
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Role of scoring in early predictions of 

prolongation in QT interval 

Predictive analytics helps in unfolding the factors that 

influence the QT interval. The tool Risk path score 

predicts the patients at higher and lower risk of QTc 

prolongation. The score outlines the influence of 

various risk factors such as comorbids (diabetes, 

hypertension, arrhythmia, cardiovascular and 

neurological disorders), biochemical parameters, 

electrolyte imbalances, altered liver function, C - 

reactive protein, drug-drug interactions, 

anthropometric measures (age, gender, body mass 

index) on QTc interval. This score helps to preclude 

the patients at greater risk of QTc prolongation with a 

predictive value of 98% and assures for the patients 

safety. No significant difference between baseline 

QTc and its follow-up assuring elimination of the 

patients from follow-up.22 With the same strategy of 

finding the probable risk factors of QT interval 

prolongation a pro-QT score developed in a 

retrospective study. Such clinical decision tools helps 

in alerting for a proper management in presence of at 

least one risk factor. The utilization of QTc interval 

prolonging drugs, clinical conditions and electrolyte 

disturbances observes as the predominant causes of 

lengthening.23 These evaluation tools support in early 

screening of the patients, predicting the patients at 

risk. Such scores stratify various clinical conditions, 

laboratory investigations, prescribed medicine, 

anthropometric objectives.  Attaining patient benefits 

by choosing the right drugs for any asymptomatic 

lengthening of QT interval prolongation, their 

monitoring reduce the risk.24   

 

Despite the intense knowledge on the prolongation in 

QT interval, monitoring requires the detection of 

identifiable risk factors. Developing algorithm, 

clinical scores necessitates filling the gap of 

ascertaining the determinants involved. A pro-QT 

score developed enumerating the risks and 

electrocardiograms (ECGs). The measures of QRS 

≤120ms and QTc≥500ms and heart rate ≤100beats 

per minute as one criteria and the other with QRS 

≥120ms heart rate ≤100beats per minute with a QTc 

≥550ms obtained to stratify the risks. The drugs 

involved in prolonging the QT interval, electrolyte 

disturbances of potassium, calcium and magnesium 

contributes the prolongation in QT interval and all-

cause mortality. The existing medical conditions have 

less influence in QT prolongation. The developed 

pro-QTc score well recognize the patients at the 

higher risk possibility of mortality comparatively. 

Monitoring the patients by modifying the factors 

involved such as medications and correcting the 

electrolytes reduces the lengthening. Outlining the 

predictors, helps in managing the patients with the 

early interventions by scoring.25 Scores developed 

based on the predictive analytics utilizing electronic 

medical records, data mining available from various 

departments such as cardiovascular, renal, infectious, 

pulmonary, cardiovascular, gastrointestinal, 

psychiatry etc. The various available risk 

stratification scores for QT interval prolongation 

illustrated in the Table 3. These scores assists health 

care team, alerting for the well-being of the patients. 

 

Table 3: Risk stratification scores available for 

QT interval prolongation 

 

Author Score 

Eline Vandael et.al22 Risk Path score 

James E Tisdale et.al24 QT interval risk score 

Mayoclinic25 pro-QT score 

 

Potential measures to reduce QTc  

Detailed medical history, medications of the subjects, 

monitoring the patients comparing the baseline QTc 

and follow-up ECGs is essential. Measures of QT 

prolongation repeated for every 30min on initiation 

of treatment in a confirmed subject.  The coexisting 

clinical conditions and the medications that potentiate 

the QT effect, necessitates their management to 

reduce the risk.  Presuming to discontinue the drugs 

in arrhythmias, QTc>500ms for the beneficial 

improvement of the health. The rationale prescribing 

of QT interval prolonging drugs in check with co-

morbidities reduces the risk. A necessary correction 

of serum electrolyte imbalances normalizes the QT 

interval.  The serum electrolytes mostly with respect 

to potassium, calcium, magnesium, corrections are 

recommended.26,27,28 Replacing the drugs with an 

alternative drug, making dose alterations, total 

discontinuation of the drugs is much preferable.  In 

case of rhythmic disturbances, administration of 

intravenous Magnesium sulphate 1 to 2 g over 15 

min, continuous intravenous infusion of Isoproterenol 

2 to 10μg/min, or rapid pacing stabilizes the rhythmic 

disturbances of heart.29 Antiretroviral drug efavirenz 

potentiates the QT effect hence, review the 

prescription for the change of the drug into 

nevirepine or protease inhibitors30 or integrase strand 

transfer inhibitor.31 Raised blood glucose levels,32 low 

blood glucose levels,33 drug induced hypoglycemia, 

insulin analogs,34 sulfonylureas,35 prolong QTc, hence 

counsel the diabetics for a check on healthy blood 

glucose levels. Monitor drug clearance of clofazimine 

in renal dysfunction as it lengthens QT interval.36 

Finding the arrhythmias and monitoring the patients 

with dose adjustments establishing normal thyroid 

stimulating hormone levels in thyroidal illness for 

hypothyroid,37,38 hyperthyorid39 recommended. 
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Predicting the alterations in liver function tests, renal 

function tests and thyroid function test, serum 

calcium along with the clinical evaluations for 

symptoms such as palpitations, syncope essential.26,40   

 

CONCLUSION: 

Predictive analyses used to develop clinical decisions 

are essential for the health professionals to be vigilant 

on the factors that lengthen QT interval. Risk factors 

in managing QT interval are to be ascertained with 

the evidence based approach for future perspectives. 

Cost-benefit analysis and health outcomes to be 

analyzed to implement the clinical decision support 

tools in health sector. Multi drug resistant 

tuberculosis patients should be monitored for 

alterations QT interval as a part of pharmacovigilance 

for the safety of the patients. Priority to enhance 

interventions, based on evidence management in 

reducing the QT interval prolongation is a 

prerequisite.  

 

REFERENCES: 

1. Emanuele Pontali, Giovanni Sotgiu, Simon 

Tiberi, Lia D’Ambrosio, Rosella Centis, 

Giovanni B Migliori. Cardiac safety of 

bedaquiline: a systemic and critical analysis of 

the evidence. Eur Respir J 2017; 50:1701462. 

2. Mamel Quelapio, Maria Idrissova. Guide for 

QTc monitoring and management of drug-

resistant TB patients with QT-prolonging agents. 

KNCV Tuberculosis foundation 2018; Version 

0.5. 

3. Guidelines on programmatic management of 

drug resistant tuberculosis in India 2019. 

Revised National Tuberculosis Control 

Programme. Central TB Division, Directorate 

General of Health Services, Ministry of Health & 

Family Welfare, Nirmal Bhavan, New Delhi. 

4. Sirturo® (delamanid) tablets [prescribing 

information]. Beerse: Janssen-Cilag Int. N.V.; 

2012.  

5. Deltyba® (delamanid) film-coated tablets 

[prescribing information]. Munchen: Otsuka 

Novel Products GmbH; 2014. 

6. Rohit Sarin, Neeta Singla, VikramVohra, Rupak 

Singla, M.M. Puri, Sushil Munjal, U.K.Khalid, 

V.P.Myneedu, Ajoy KumarVerma, 

K.K.Mathuria. Initial experience of bedaquiline 

implementation under the National TB 

Programme at NITRD, Delhi, India. Indian 

Journal of Tuberculosis 2019; 66:209-213. 

7. Olatunde Olayanju, Aliasgar Esmail, Jason 

Limberis, Keertan Dheda. A regimen containing 

bedaquiline and delamanid compared to 

bedaquiline in patients with drug resistant 

tuberculosis. Eur Respir J 2019.  

8. Rohit Sarin, Vikram Vohra, Neeta Singla, Rupak 

Singla, M.M. Puri, S.K. Munjal, U.K. Khalid, 

V.P. Myneedu, Ajoy Verma, K.K. Mathuria. 

Early efficacy and safety of Bedaquiline and 

Delamanid given together in a “Salvage 

Regimen” for treatment of drug-resistant 

tuberculosis. Indian Journal of Tuberculosis 

2019; 66:184-188. 

9. Jackie Jones, Vanessa Mudaly, Jacqueline 

Voget, Tracey Naledi, Gary Maartens, Karen 

Cohen. Adverse drug reactions in South African 

patients receiving bedaquiline-containing 

tuberculosis treatment: an evaluation of 

spontaneously reported cases. BMC Infectious 

Diseases (2019) 19:544.  

10. Position statement in the continued use of the 

shorter MDRT-TB regimen following an 

expedited review of the STREAM Stage 1 

preliminary results. WHO 2018. 

11. Gabriella Ferlazzo, Erika Mohr, Chinmay 

Laxmeshwar, Catherine Hewison , Jennifer 

Hughes , Sylvie Jonckheere , et.al. Early Safety 

and Efficacy of the Combination of Bedaquiline 

and Delamanid for the Treatment of Patients 

With Drug-Resistant Tuberculosis in Armenia, 

India, and South Africa: A Retrospective Cohort 

Study. Lancet Infect Dis 2018 May; 18 (5):536-

544.  

12. Lorenzo Guglielmetti, Simon Tiberi, Matthew 

Burman, Heinke Kunst, Christian Wejse, Tamar 

Togonidze, Graham Bothamley, Christoph 

Lange for the TBnet. QT prolongation and 

cardiac toxicity of new tuberculosis drugs in 

Europe: a Tuberculosis Network European 

Trialsgroup (TBnet) study. Eur Respir J 2018; 

52: 1800537 

13. Marina Tadolini, Rangjung Dolma Lingtsang, 

Simon Tiberi, Martin Enwerem, Lia 

D’Ambrosio, Tsetan Dorji Sadutshang, Rosella 

Centis, Giovanni Battista Migliori. First case, 

concerns and challenges of treatment of severe 

XDR-TB with both delamanid and Bedaquiline.  

Eur Respir J 2016; 48: 1527–1529. 

14. Alexander S. Pym, Andreas H. Diacon, Shen-Jie  

Tang, Francesca  Conradie,  Manfred  

Danilovits, Charoen Chuchottaworn et.al. 

Bedaquiline in the treatment of multidrug- and 

extensively drug-resistant tuberculosis. European 

Respiratory Journal 2016 47: 564-574.  

15. Andrew J. Nunn, Patrick P.J. Phillips, Sarah K. 

Meredith, Chen-Yuan Chiang,  Francesca 

Conradie, Doljinsuren Dalai et.al. A Trial of a 

Shorter Regimen for Rifampin-Resistant 

Tuberculosis. N Engl J Med 2019; 380:1201-

1213. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Jones%20J%5BAuthor%5D&cauthor=true&cauthor_uid=31221100
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mudaly%20V%5BAuthor%5D&cauthor=true&cauthor_uid=31221100
https://www.ncbi.nlm.nih.gov/pubmed/?term=Voget%20J%5BAuthor%5D&cauthor=true&cauthor_uid=31221100
https://www.ncbi.nlm.nih.gov/pubmed/?term=Voget%20J%5BAuthor%5D&cauthor=true&cauthor_uid=31221100
https://www.ncbi.nlm.nih.gov/pubmed/?term=Naledi%20T%5BAuthor%5D&cauthor=true&cauthor_uid=31221100
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maartens%20G%5BAuthor%5D&cauthor=true&cauthor_uid=31221100
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cohen%20K%5BAuthor%5D&cauthor=true&cauthor_uid=31221100
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cohen%20K%5BAuthor%5D&cauthor=true&cauthor_uid=31221100
https://pubmed.ncbi.nlm.nih.gov/?term=Ferlazzo+G&cauthor_id=29452942
https://pubmed.ncbi.nlm.nih.gov/?term=Mohr+E&cauthor_id=29452942
https://pubmed.ncbi.nlm.nih.gov/?term=Laxmeshwar+C&cauthor_id=29452942
https://pubmed.ncbi.nlm.nih.gov/?term=Laxmeshwar+C&cauthor_id=29452942
https://pubmed.ncbi.nlm.nih.gov/?term=Hewison+C&cauthor_id=29452942
https://pubmed.ncbi.nlm.nih.gov/?term=Hughes+J&cauthor_id=29452942
https://pubmed.ncbi.nlm.nih.gov/?term=Hughes+J&cauthor_id=29452942
https://pubmed.ncbi.nlm.nih.gov/?term=Jonckheere+S&cauthor_id=29452942


IAJPS 2020, 07 (12), 2886-2893                       Orsu Prabhakar et al                         ISSN 2349-7750 

 
w w w . i a j p s . c o m  
 
 

Page 2892 
 

16. Dina Nair, Banurekha Velayutham, 

Makeshkumar Marimuthu, Poorana Ganga Devi 

Navaneethapandian, Ponnuraja Chinnaiyan, 

Mohammed Shaheed Jawahar. Effect of 

moxifloxacin on QTc interval in adults with 

pulmonary tuberculosis. The National Medical 

Journal Of India 2018; 31(1) 

17. A.D. Pranger, R. van Altena, R.E. Aarnoutse, D. 

van Soolingen, D.R.A. Uges, J.G.W. Kosterink, 

T.S. van der Werfe, J.W.C. Alffenaar. Evaluation 

of moxifloxacin for the treatment of tuberculosis: 

3 years of experience. Eur Respir J 2011; 38: 

888–894. 

18. Gerardo Alvarez-Uria, Manoranjan Midde. Sex 

differences and factors influencing the duration 

of the QT interval in patients on anti-tuberculosis 

therapy. Eur Respir J 2018; 51: 1702368. 

19. David Zeltser, Dan Justo, Amir Halkin, Vitaly 

Prokhorov, Karin Heller, Sami Viskin,. Torsade 

de Pointes Due to Noncardiac Drugs Most 

Patients Have Easily Identifiable Risk Factors. 

Medicine 2003; 82: 282–90. 

20. Martin M. Bednar, Edmund P. Harrigan, Jeremy 

N. Ruskin. Torsades de Pointes Associated with 

Nonantiarrhythmic Drugs and Observations on 

Gender and QTc. The American Journal of 

Cardiology 2002; 89:1316-1319. 

21. Man Young Park, Eun Yeob Kim, Young Ho 

Lee, Woojae Kim, Ku Sang Kim, Seung Soo 

Sheen, Hong Seok Lim, Rae Woong Park. 

Analysis of Relationship between Levofloxacin 

and Corrected QT Prolongation Using a Clinical 

Data Warehouse. Healthc Inform Res. 2011; 

17(1):58-66. 

22. Eline Vandael, Bert Vandenberk, Joris 

Vandenberghe, Isabel Spriet, Rik Willems, 

Veerle Foulon. Development of a risk score for 

QTc-prolongation: the RISQ-PATH study. Int J 

Clin Pharm 2017. 

23. Heather N. Anderson, J. Martijn Bos, Kristina. 

H. Haugaa, Bruce W. Morlan, Robert F. Tarrell, 

Pedro J. Caraballo, Michael J. Ackerman. 

Prevalence And Outcome Of High-Risk QT 

Prolongation Recorded In The Emergency 

Department From An Institution-Wide QT Alert 

System. The Journal of Emergency Medicine 

2018; 54(1): 8–15. 

24. James Tisdale, Heather A Jaynes, Joanna R 

Kingery, Noha A Mourad, Tate N Trujillo, Brain 

R Overholser, Richard J Kovacs. Development 

and validation of risk score to predict QT 

Interval prolongation in hospitalized patients. 

Circ Cardiovasc Qual Outcomes 2013;6:479-

487. 

25. Kristina H. Haugaa, J. Martijn Bos, Robert F. 

Tarrell, Bruce W. Morlan, Pedro J. Caraballo, 

Michael J. Ackerman. Institution-Wide QT Alert 

System Identifies Patients With a High Risk of 

Mortality. Mayo Clin Proc. 2013;88(4):315-325.  

26. Centers for Disease Control and Prevention. 

Provisional CDC guidelines for the use and 

safety monitoring of bedaquiline fumarate 

(Sirturo) for the treatment of multidrug-resistant 

tuberculosis. MMWR Recomm Rep. 2013;62(RR-

09):1–12. 

27. Charlotte P. M. Heemskerk, Marieke Pereboom, 

Karlijn van Stralen, Florine A. Berger, Patricia 

M. L. A. van den Bemt, Aaf F. M. Kuijper, et.al. 

Risk factors for QTc interval prolongation. 

European Journal of Clinical Pharmacology 

(2018) 74:183–191. 

28. David Pickham, Eric Helfenbein, Julie A. Shinn, 

Garrett Chan, Marjorie Funk, Ann Weinacker, 

et.al. High prevalence of corrected QT interval 

prolongation in acutely ill patients is associated 

with mortality: Results of the QT in Practice 

(QTIP) Study. Crit Care Med 2012; 40:394 –

399. 

29. James E. Tisdale. Drug-induced QT interval 

prolongation and torsades de pointes: Role of the 

pharmacist in risk assessment, prevention and 

management. Can Pharm J (Ott) 2016; 149:139-

152. 

30. Elin M. Svensson, Kelly E. Dooley, Mats O. 

Karlsson. Impact of Lopinavir-Ritonavir or 

Nevirapine on Bedaquiline Exposures and 

Potential Implications for Patients with 

Tuberculosis-HIV Coinfection. Antimicrobial 

Agents and Chemotherapy 2014; 58 (11): 6406–

6412. 

31. Graeme Meintjes, James C.M. Brust, James 

Nuttall, Gary Maartens. Management of active 

tuberculosis in adults with HIV. Lancet HIV 

2020; 6(7): e463–e474. 

32. R.Marfella, F.Nappo, L.De Angelis, M. 

Siniscalchi, F.Rossi, D. Giugliano. The effect of 

acute hyperglycaemia on QTc duration in 

healthy man. Diabetologia 2000; 43: 571-575. 

33. Robert T.C.E. Robinson, Nigel D. Harris, Robert 

H. Ireland, Stuart Lee, Christopher Newman, 

Simon R. Heller. Mechanisms of Abnormal 

Cardiac Repolarization During Insulin-Induced 

Hypoglycemia. Diabetes2003;52:1469–1474. 

34. Amalia Gastaldelli, Michele Emdin, Fabrizio 

Conforti, Stefania Camastra, Ele Ferrannini. 

Insulin prolongs the QTc interval in humans. Am 

J Physiol Regulatory Integrative Comp Physiol 

2000; 279: R2022–R2025.  

35. Judith van Dalem,  Martijn C G J 

Brouwers,  Coen D A Stehouwer, André 

Krings, Hubert G M Leufkens, Johanna H M 

Driessen, Frank de Vries, Andrea M Burden. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=van%20Dalem%20J%5BAuthor%5D&cauthor=true&cauthor_uid=27413017
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brouwers%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=27413017
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brouwers%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=27413017
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stehouwer%20CD%5BAuthor%5D&cauthor=true&cauthor_uid=27413017
https://www.ncbi.nlm.nih.gov/pubmed/?term=Krings%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27413017
https://www.ncbi.nlm.nih.gov/pubmed/?term=Krings%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27413017
https://www.ncbi.nlm.nih.gov/pubmed/?term=Leufkens%20HG%5BAuthor%5D&cauthor=true&cauthor_uid=27413017
https://www.ncbi.nlm.nih.gov/pubmed/?term=Driessen%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=27413017
https://www.ncbi.nlm.nih.gov/pubmed/?term=Driessen%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=27413017
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Vries%20F%5BAuthor%5D&cauthor=true&cauthor_uid=27413017
https://www.ncbi.nlm.nih.gov/pubmed/?term=Burden%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=27413017


IAJPS 2020, 07 (12), 2886-2893                       Orsu Prabhakar et al                         ISSN 2349-7750 

 
w w w . i a j p s . c o m  
 
 

Page 2893 
 

Risk of hypoglycaemia in users of 

sulphonylureas compared with metformin in 

relation to renal function and sulphonylurea 

metabolite group: population based cohort study. 

BMJ. 2016; 354: i3625. 

36. Rebecca S. Malone, Douglas N. Fish, David M. 

Spiegel, James M. Childs, Charles A. Peloquin. 

The Effect of Hemodialysis on Cycloserine, 

Ethionamide, Para-Aminosalicylate, and 

Clofazimine. Chest 1999; 116:984–990. 

37. Kyoung Hee Kweon, Byoung Hyun Park, and 

Chung Gu Cho. The Effects of L-thyroxine 

Treatment on QT Dispersion in Primary 

Hypothyroidism. J Korean Med Sci 2007; 22: 

114-6. 

38. O. Bakiner M.E. Ertorer F.E. Haydardedeoglu E. 

Bozkirli N.B. Tutuncu N.G. Demirag. 

Subclinical Hypothyroidism Is Characterized by 

Increased QT Interval Dispersion among 

Women. Med Princ Pract 2008;17:390–394.  

39. Ye Seung Lee, Joong Wan Choi, Eun Ju Bae, 

Won Il Park, Hong Jin Lee, Phil Soo Oh. The 

corrected QT (QTc) prolongation in 

hyperthyroidism and the association of thyroid 

hormone with the QTc interval. Korean J Pediatr 

2015;58(7):263-266.  

40. Monedero-Recuero, L Hernando-Marrupe, A. 

Sanchez-Montalva, V. Cox, M. Tommasi, J. 

Furin et.al. QTc and Anti-tuberculosis drugs: a 

perfect storm or a tempest in a teacup? Review 

of evidence and a risk assessment. Int J tuberc 

Lung Dis 2018; 22 (12):1411-1421.  

 


