
that diagnosis of LQTS may be missed in neurological 
patients with unexplained loss of consciousness, this 
concise article highlights the most relevant aspects of 
LQTS for clinical neurologists. 
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INTRODUCTION
The long QT syndrome (LQTS) is characterized by an 
abnormally delayed repolarization of  the heart. The 
delayed repolarization results in a prolonged QT inter-
val that is detectable by electrocardiography. Inherited 
conditions (channelopathies, gender) as well as acquired 
factors (drugs, electrolyte imbalances, age) affect cardiac 
repolarization and can prolong the QT interval[1]. Dif-
ferent types of  channelopathies that cause congenital 
LQTS have been described. Each channelopathy fol-
lows a distinct inheritance pattern, presents with distinct 
clinical symptoms and is associated with a distinct out-
come. Irrespective of  the affected type of  ion-channel, 
the net result in LQTS is an abnormal repolarization 
of  the heart muscle that predisposes at so-called early 
after depolarization which in turn can result in ventricu-
lar arrhythmias. The ancient discrimination between 
congenital LQTS and acquired LQTS seems to reflect 
insufficiently the underlying pathophysiology: so-called 
acquired LQTS may as well be unmasking of  a clinically 
and electrocardiographically silent congenital LQTS, i.e., 
exogenic factors (e.g., hypokalemia) may be the trigger 
that a pre-existing (but so far clinically silent) channelo-
pathy results in electrocardiographical changes and clini-
cal symptoms. 

SYMPTOMS OF LONG QT SYNDROME 
Many patients with LQTS may not have any symptoms at 
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Abstract
Long QT syndrome (LQTS) is a cardiac conduction dis-
order that predisposes patients at potentially fatal car-
diac events. Inherited conditions and acquired factors 
contribute to LQTS. A number of frequently prescribed 
CNS-active drugs prolong the QT interval. The clinical 
neurologist may encounter LQTS when initiating a phar-
macotherapy or when increasing the dosage of drugs. 
The clinical neurologist may also encounter LQTS dur-
ing the diagnostic work-up of patients with unexplained 
loss of consciousness, because LQTS may present as 
convulsive syncope. Some studies report an association 
of LQTS and stroke. Awareness of LQTS may help to 
recognize and prevent potentially fatal cardiac events 
associated with LQTS. This concise article highlights the 
clinically most relevant aspects of LQTS in the field of 
neurology. 
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Core tip: Long QT syndrome (LQTS) is a potentially fa-
tal condition. Considering the fact that many CNS-active 
drugs prolong the QT interval and considering the fact 
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all. These patients may only be aware of  their condition 
due to an incidental finding on the electrocardiogram 
or due to a family history of  sudden cardiac death. If  
clinical symptoms are present in patients with LQTS, 
the spectrum of  symptoms includes unspecific dizzi-
ness, fainting spells, paroxysmal tachycardia (torsades de 
pointes), ventricular fibrillation and sudden cardiac death. 
It has been reported that LQTS can also present with 
focal neurological signs (subsequent to a focal vascular le-
sion potentially caused by LQTS associated arrhythmia)[2]. 
Yet, a causal relationship between LQTS and a focal brain 
lesion remains disputable.

ANALYSING AND INTERPRETING THE QT 
INTERVAL 
The QT interval is influenced by different factors, includ-
ing gender, age and heart rate. Especially the heart rate has 
a major impact on the QT interval: the slower the heart 
rate, the longer the QT interval. It is therefore manda-
tory to use the frequency-corrected QT time (QTc) when 
interpreting an electrocardiogram. Different formulas 
and standards tables are used to determine QTc. All these 
formulas take into account that the (non-corrected) QT 
interval shortens with increasing heart rates and correct 
for this fact. There is a lack of  unanimously accepted rec-
ommendations and guidelines concerning determination 
of  corrected QTc. The most often used formulas for the 
determination of  QTc are Bazett’s formula (measured QTc 
divided by the square root of  the measured RR interval) 
and Fridericia’s formula (measured QTc divided by the 
cube root of  the measured RR interval). The United States 
Food and Drug Administration (FDA) considers a QTc 

< 430 ms for men and QTc < 450 ms for women to be 
normal and QTc > 450 ms for men and QTc > 470 ms 
for women to be prolonged (source: http://www.fda.
gov/ohrms/dockets/ac/01/slides/3746s_01_ruskin/
sld023.htm). 

QT INTERVAL AND CNS-ACTIVE DRUGS
A number of  frequently prescribed CNS-active drugs 
confer the potential of  prolonging the QT interval. The 
main mechanism by which drugs affect the QT interval 
is the blocking of  the potassium outward current by in-
teraction of  these drugs with cardiac potassium channels. 
At present, more than 100 drugs have been shown to 
prolong the QT interval. The list of  drugs discussed be-
low does therefore not claim to be exhaustive but rather 
presents examples of  drugs frequently used in neurologi-
cal patients. More comprehensive and regularly updated 
lists of  drugs that affect the QT interval are available one 
different websites (e.g. http://www.qtdrugs.org). 

Many dopamine receptor antagonists affect the QT 
interval. The effect accounts for typical high-potency 
neuroleptic drugs (e.g. haloperidol, especially when inject-
ed intravenously)[3,4], low-potency neuroleptic drugs that 
are frequently used in the elderly due to their sedative ef-

fects, but also for atypical neuroleptic drugs[5]. Domperi-
done (a dopamine receptor antagonist with predominant 
antiemetic properties) is frequently used in patients under 
levodopa treatment to prevent levodopa-associated nau-
sea. Also this antiemetic drug confers a substantial risk 
for LQTS with potential fatal outcome[6,7]. 

Another group of  drugs that prolong the QT interval 
are antidepressants, especially some selective serotonin 
reuptake inhibitors (SSRI). Although there has been a 
number of  reports concerning LQTS and SSRI, e.g., cital-
opram[8], it is important to note that other groups of  an-
tidepressants, e.g., tricyclics like amitriptyline may prolong 
the QT interval in a dose dependant manner as well[9]. 

Amantadine, a NMDA-receptor antagonist, is another 
potentially QT prolonging drug[10] that is frequently used 
in neurological patients. Amantadine is used in Parkinson’
s disease (due to its anti-glutamatergic properties) and 
sometimes also administered (off-label) for its vigilance-
enhancing effects. 

Besides the dugs mentioned above, polypharmaco-
therapy (and the resulting additive effects on the QT 
interval) as well as co-morbidities (e.g., hypokalemia due 
to diuretics administered to treat hypertension or chronic 
heart failure) predispose the elderly neurological patient 
clientele to LQTS.

RECOMMENDATIONS, MANAGEMENT 
OF COMPLICATIONS
The clinical neurologist may prevent imminent harm 
to the patient by checking the patient’s medication for 
drugs known to affect QT interval. In case a QT pro-
longing drug needs to be introduced or increased after 
careful risk-benefit assessment, the treating physician 
should obtain a baseline electrocardiogram in order to 
exclude a pre-existing prolonged QT interval. A control 
electrocardiogram should be obtained after introduction 
of  the new drug and also after each dose adjustment 
(as QT prolonging effects are dose-dependent). In case 
of  a significant increase in the QT interval, withdrawal 
of  QT prolonging drugs needs to be considered. In 
addition, special attention should be given to prevent 
circumstances that may have additive effects on the QT 
interval (e.g., hypokalemia, combination of  different 
drugs with QT-prolonging potential). For patients with 
LQTS who develop torsades de pointes, the withdrawal 
of  drugs that affect the QT interval and a cardiovascular 
monitoring are obligatory. Besides withdrawal of  drugs 
that affect the QT interval, therapeutic options include 
the reduction of  other pro-arrhythmogenic factors (e.g., 
hypokalemia) and infusion of  magnesium. Some patients 
with ventricular tachycardia may also require electrical 
cardioversion or electrical cardiac pacing. It is of  impor-
tance to note that the anti-arrhythmic drug amiodarone 
is absolutely contraindicated in these patients due to its 
own QT-prolonging potential which will deteriorate the 
situation.
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LONG QT SYNDROME PRESENTING AS 
“SEIZURE”
Besides the risk of  inducing LQTS by pharmacotherapy, 
the clinical neurologist may encounter LQTS when 
patients with transient unexplained loss of  conscious-
ness are referred to the hospital: LQTS may present as 
(convulsive) syncopes that are misdiagnosed as epileptic 
seizures. There is a number of  case reports about LQTS 
misdiagnosed as epileptic seizures (reviewed by Burghaus 
et al[11]). MacCormick et al[12] report a consecutive case 
series of  31 patients with genetically and electrocardio-
graphically confirmed LQTS. Seizure disorder was the 
most common initial misdiagnosis in this cohort (5 of  31 
patients). In some of  these cases, the diagnosis of  LQTS 
was missed despite prolonged QT intervals in the electro-
cardiogram. According to MacCormick’s study, the misdi-
agnosis of  LQTS as seizure disorder may be particularly 
fatal as the misdiagnosis “seizure disorder” resulted in a 
significantly longer diagnostic delay compared with other 
misdiagnoses (median delay 11.8 years compared to a 
median delay of  1 year for other misdiagnoses). Obtain-
ing an electrocardiogram and evaluating the QT interval 
is therefore recommended in every patient with transient 
loss of  consciousness, even in cases when an epileptic 
seizure is suspected. Gospe and Gabor stress the need to 
routinely and carefully assess the simultaneously recorded 
electrocardiogram for QT abnormalities in patients who 
undergo an electroencephalography[13]. 

Interestingly, there are also data that indicate that 
patients with some types of  inherited LQTS-associated 
channelopathies have an increased risk of  epilepsy[14,15]. 
The increased risk of  epilepsy in these patients might 
be explained by the presence of  the mutated channel 
proteins (and a consecutively altered channel activity) in 
brain tissue[14]. In conclusion, seizure disorder and inher-
ited LQTS are not mutually exclusive conditions. In some 
cases, a detailed history taking and thorough diagnostic 
work-up (including implantable event recorders) may be 
necessary to distinguish between LQTS-associated syn-
cope and seizure as the cause for a specific event. 

LONG QT SYNDROME AND STROKE
There are reports that LQTS might be associated with an 
increased risk for stroke, even after correction for other 
cardiovascular risk factors[16]. The mechanisms that con-
fer an increased risk for stroke in patients with LQTS re-
main speculative and may include arrhythmia-associated 
embolization and hypoperfusion[2]. Irrespective of  the 
underlying causal relationship between LQTS and stroke, 
cardiac monitoring is obligatory in stroke patients given 
the increased mortality rates in these patients[17]. Stead 
et al[18] investigated the association between a prolonged 
QTc and early mortality in acute ischemic stroke. The au-
thors found a significantly increased early mortality rate 
in stroke patients who had a prolonged QTc at the time 
of  admission. In Stead’s study this association was inde-

pendent of  other cardiovascular risk factors. The exact 
reasons for the increased mortality remain to be investi-
gated. One explanation for the association of  neurologi-
cal disorders and LQTS (and other cardiac arrhythmias) 
might be cerebral arrhytmogenesis[19-21]. 

In summary, awareness for circumstances that can 
trigger LQTS and awareness that LQTS may present as 
seizure are important to prevent a potential fatal outcome 
in this condition. The studies on LQTS and stroke sug-
gest that a prolonged QTc is associated with a poor out-
come in this patient population. 

REFERENCES
1 	 Mahida S, Hogarth AJ, Cowan C, Tayebjee MH, Graham 

LN, Pepper CB. Genetics of congenital and drug-induced 
long QT syndromes: current evidence and future research 
perspectives. J Interv Card Electrophysiol 2013; 37: 9-19 [PMID: 
23515882 DOI: 10.1007/s10840-013-9779-5]

2 	 Frank E, Tew JM, Pagani L. The prolonged Q-T syndrome 
presenting as a focal neurological lesion. Surg Neurol 1981; 
16: 333-335 [PMID: 7336315 DOI: 10.1016/0090-3019(81)9026
5-2]

3 	 Ozeki Y, Fujii K, Kurimoto N, Yamada N, Okawa M, Aoki 
T, Takahashi J, Ishida N, Horie M, Kunugi H. QTc prolon-
gation and antipsychotic medications in a sample of 1017 
patients with schizophrenia. Prog Neuropsychopharmacol Biol 
Psychiatry 2010; 34: 401-405 [PMID: 20079791 DOI: 10.1016/
j.pnpbp.2010.01.008]

4 	 Ginwalla M, Biblo LA, Paydak H. Torsade de pointes fol-
lowing intravenous haloperidol administration in a patient 
with complete heart block. WMJ 2009; 108: 48-50 [PMID: 
19326637]

5 	 Haddad PM, Sharma SG. Adverse effects of atypical anti-
psychotics : differential risk and clinical implications. CNS 
Drugs 2007; 21: 911-936 [PMID: 17927296 DOI: 10.2165/0002
3210-200721110-00004]

6 	 Rossi M, Giorgi G. Domperidone and long QT syndrome. 
Curr Drug Saf 2010; 5: 257-262 [PMID: 20394569 DOI: 10.2174/1
57488610791698334]

7 	 Domperidone and sudden death. Prescrire Int 2006; 15: 226 
[PMID: 17167933]

8 	 Castro VM, Clements CC, Murphy SN, Gainer VS, Fava M, 
Weilburg JB, Erb JL, Churchill SE, Kohane IS, Iosifescu DV, 
Smoller JW, Perlis RH. QT interval and antidepressant use: a 
cross sectional study of electronic health records. BMJ 2013; 
346: f288 [PMID: 23360890 DOI: 10.1136/bmj.f288]

9 	 Okayasu H, Ozeki Y, Fujii K, Takano Y, Saeki Y, Hori H, Ho-
rie M, Higuchi T, Kunugi H, Shimoda K. Pharmacotherapeu-
tic determinants for QTc interval prolongation in Japanese 
patients with mood disorder. Pharmacopsychiatry 2012; 45: 
279-283 [PMID: 22592502 DOI: 10.1055/s-0032-1308969]

10 	 Manini AF, Raspberry D, Hoffman RS, Nelson LS. QT pro-
longation and Torsades de Pointes following overdose of 
ziprasidone and amantadine. J Med Toxicol 2007; 3: 178-181 
[PMID: 18072173]

11 	 Burghaus L, Liu W, Eggers C, Müller-Ehmsen J, Fink GR. 
[Mistaking a long QT syndrome for epilepsy: does every 
seizure call for an ECG?]. Fortschr Neurol Psychiatr 2010; 78: 
419-424 [PMID: 20533164 DOI: 10.1055/s-0029-1245443]

12 	 MacCormick JM, McAlister H, Crawford J, French JK, 
Crozier I, Shelling AN, Eddy CA, Rees MI, Skinner JR. Mis-
diagnosis of long QT syndrome as epilepsy at first presenta-
tion. Ann Emerg Med 2009; 54: 26-32 [PMID: 19282063 DOI: 
10.1016/j.annemergmed.2009.01.031]

13 	 Gospe SM, Gabor AJ. Electroencephalography laboratory 
diagnosis of prolonged QT interval. Ann Neurol 1990; 28: 

27WJN|www.wjgnet.com September 28, 2013|Volume 3|Issue 3|

Unger MM et al . LQTS in clinical neurology



387-390 [PMID: 2241121 DOI: 10.1002/ana.410280315]
14 	 Takahashi K, Miyake A, Otsuka Y, Ohfu M, Ganaha H. 

Diagnosis of epilepsy using an implantable loop recorder 
in a child with long-QT syndrome type 3. Pediatr Int 
2013; 55: 251-253 [PMID: 23679169 DOI: 10.1111/j.1442-
200X.2012.03686.x]

15 	 Johnson JN, Hofman N, Haglund CM, Cascino GD, Wilde 
AA, Ackerman MJ. Identification of a possible patho-
genic link between congenital long QT syndrome and epi-
lepsy. Neurology 2009; 72: 224-231 [PMID: 19038855 DOI: 
10.1212/01.wnl.0000335760.02995.ca]

16 	 Soliman EZ, Howard G, Cushman M, Kissela B, Kleindorfer 
D, Le A, Judd S, McClure LA, Howard VJ. Prolongation of 
QTc and risk of stroke: The REGARDS (REasons for Geo-
graphic and Racial Differences in Stroke) study. J Am Coll 
Cardiol 2012; 59: 1460-1467 [PMID: 22497826 DOI: 10.1016/
j.jacc.2012.01.025]

17 	 Wira CR, Rivers E, Martinez-Capolino C, Silver B, Iyer G, 

Sherwin R, Lewandowski C. Cardiac complications in acute 
ischemic stroke. West J Emerg Med 2011; 12: 414-420 [PMID: 
22224130 DOI: 10.5811/westjem.2011.2.1765]

18 	 Stead LG, Gilmore RM, Bellolio MF, Vaidyanathan L, Weav-
er AL, Decker WW, Brown RD. Prolonged QTc as a predictor 
of mortality in acute ischemic stroke. J Stroke Cerebrovasc Dis 
2009; 18: 469-474 [PMID: 19900651 DOI: 10.1016/j.jstrokecere-
brovasdis.2009.02.006]

19 	 Taggart P, Critchley H, Lambiase PD. Heart-brain interac-
tions in cardiac arrhythmia. Heart 2011; 97: 698-708 [PMID: 
21367742 DOI: 10.1136/hrt.2010.209304]

20 	 Kumar AP, Babu E, Subrahmanyam D. Cerebrogenic 
tachyarrhythmia in acute stroke. J Neurosci Rural Pract 2012; 3: 
204-206 [PMID: 22865983 DOI: 10.4103/0976-3147.98250]

21 	 Oppenheimer SM, Cechetto DF, Hachinski VC. Cerebro-
genic cardiac arrhythmias. Cerebral electrocardiographic 
influences and their role in sudden death. Arch Neurol 1990; 
47: 513-519 [PMID: 2185720]

P- Reviewers  Arboix A, Bottini G, Rodrigues MG, Takahashi E, 
Zhang M    S- Editor  Zhai HH      L- Editor  A    

E- Editor  Yan JL

28WJN|www.wjgnet.com September 28, 2013|Volume 3|Issue 3|

Unger MM et al . LQTS in clinical neurology



Published by Baishideng Publishing Group Co., Limited
Flat C, 23/F., Lucky Plaza, 315-321 Lockhart Road, 

Wan Chai, Hong Kong, China
Fax: +852-65557188

Telephone: +852-31779906
E-mail: bpgoffice@wjgnet.com

http://www.wjgnet.com

Baishideng Publishing Group Co., Limited                                      © 2013 Baishideng. All rights reserved.


