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Abstract

The QT interval represents the duration of ventricular depolarization and repolarization. It is measured from
the beginning of the QRS complex to the end of the T wave. Prolongation of the QT interval may be congenital or
acquired. This increases the risk of polymorphic ventricular tachycardia (i.e torsades de pointes) and cardiac
arrest. To increase the awareness of this life-threatening phenomenon I outline an illustrative case in which
acquired prolongation of the QT interval due to electrolyte derangement and administration of ciprofloxacin
resulted in cardiac arrest due to torsade de pointes. Management of a patient with a long QT syndrome includes
Immediate cessation of drugs that prolong the QT interval;, cardiac monitoring, serial 12 lead ECGs and
transthoracic echocardiography; measurement of serum electrolytes; intravenous potassium replacement;
intravenous magnesium replacement; beta-blockade. Causes of acquired prolongation of the QT interval are
common in critically ill patients. It is important to recognize this and consider screening with 12 lead ECG to

reduce the risk of life-threatening ventricular arrhythmias.
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Introduction ion channel function [1,2,4-6]. Patients with drug-

Prolongation of the QT interval may be congenital
or acquired [1]. Congenital long QT syndromes result
from mutations in genes encoding for the sodium and
potassium channels in cardiac cells [1,2]. Delayed
closure of the sodium channel results in prolongation
of inward current while potassium channel mutations
delay repolarization [1-3]. Several medications can

prolong the QT interval by affecting cardiac myocyte

associated prolongation of the QT interval may also
have mutations in ion channel genes [4]. Patients
with acquired long QT syndrome may be thought to
have self-terminating VT or VF unless the
characteristic morphology of torsades de pointes and
the QT prolongation is recognized [6]. Accurate
diagnosis is essential as empirical antiarrhythmic

therapy may worsen the arrhythmia through further
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lengthening of the QT interval [1-3;6,7].

Ilustrative Case

A 30-year-old woman presented with a 3-day
history of fever, dysuria, left flank pain, nausea, and
vomiting. She was diagnosed with pyelonephritis and
admitted for treatment with intravenous ciprofloxacin

and metoclopramide.

Five days after re-admission a nurse witnessed the
patient having a seizure whilst in bed. This was
followed by cardiorespiratory arrest, and cardio-
pulmonary resuscitation (CPR) was started. The
initial cardiac rhythm was treated as pulseless
polymorphic ventricular tachycardia (VT; torsades de
pointes).

Defibrillation resulted in sinus rhythm and
spontaneous circulation (ROSC) and respiratory effort
were restored after two minutes of CPR. Although
the patient was initially drowsy, physical examination
was otherwise unremarkable. The chest radiograph
was also normal. However, a 12 lead
electrocardiograph (ECG) performed immediately
after ROSC revealed marked prolongation of the
corrected QT interval (QTc 550 ms). The initial ECG

recorded on admission was normal (QTc 380 ms).

Blood taken during CPR revealed: Sodium 138
mmol/L, potassium 2.5 mmol/L, urea 2.7 mmol/L,
creatinine 75 mmol/L, magnesium o0.45 mmol/L,
glucose 7.8 mmol/L, haemoglobin 11 g/dL, white cell
count 15x109/L, platelets 250 x1012/L and C reactive
protein 250 mg/dL.

The patient was transferred to the intensive care
unit. Ciprofloxacin was stopped and replaced with
meropenem. Metoclopramide was also stopped.
Correction of magnesium to 1.0 mmol/L, correction of
the potassium to 4.5 mmol/L and administration of
metoprolol over the next 24 hours reduced the QTc to
450 ms. The patient was then transferred to the
coronary care unit with no neurological deficit. An
echocardiogram suggested mild anterior septal
hypokinesis. However, coronary angiography and

cardiac MRI were normal.

The QTc returned to the pre-arrest duration of
0.38 seconds two days after electrolyte replacement,
stopping the metoclopramide and changing
ciprofloxacin to meropenem. There were no further
convulsions or arrhythmias and the patient was

discharged home.

Discussion

The QT interval represents the duration of
ventricular depolarization and repolarization [3]. It is
measured on the surface ECG from the beginning of
the QRS complex to the end of the T wave [3,6]. At
least 3-4 cardiac cycles should be used to derive a
mean value [3,6]. This mean value of the measured
QT interval must then be corrected for heart rate
[3,6]. Heart rate corrected QT Intervals (QTc) > 0.44s
are abnormal [3,6].

The QT interval represents the summation of the
action potentials (AP) of ventricular myocytes. The AP
results from the flow of ions through channels across
a cell membrane. If changes in ion concentrations or
myocyte channel function increase the inward current
or decrease the outward current, AP duration is
increased and, the QT interval is prolonged.

Prolongation of the QT interval may be congenital
or acquired [1]. In the present illustrative case
prolongation of the QT interval was caused by the low
serum potassium, low serum magnesium and

ciprofloxacin.

Congenital long QT syndromes result from
mutations in genes encoding for the sodium and
potassium channels (IKr and IKs) in cardiac cells [1-
3]. Delayed closure of the sodium channel results
in prolongation of inward current while potassium
channel mutations delay repolarisation [2,3]. Both
the QT

interval and increased disposition to early after

mechanisms result in prolongation of

depolarisations and polymorphic VT (torsade de

pointes), often preceded by an increase in sinus rate

[3].

A variety of congenital syndromes have been

described including Jervell-Lange-Nielsen, an
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autosomal recessive condition associated with neural
deafness; and Romano Ward, an autosomal dominant
condition without deafness [1,2]. To date, more than
250 different mutations in seven genes have been
identified as causing LQTS. The prevalence of long
QT syndrome mutation carriers is therefore difficult
to determine but estimates of up to 1 in 1000 have
been suggested [1,2].

Acquired LQTS is almost always due to blockage of
the inward potassium rectifier (IKr) channel [8]. This
channel is also known as the ‘ether a go go’ (hERG)
channel. It conducts a rapid delayed rectifier
potassium current (Ikr). This current occurs during
phase 3 of the repolarization of the cardiac AP [8]. It
has been proposed that patients with drug associated
prolongation of the QT interval may also have

mutations in ion channel genes [4].

Several medications can prolong the QT interval by
affecting cardiac myocyte ion channel function [1,2,4-
8]. A list of these medications is available at
QTdrugs.org. However, drug-induced LQTS is not
predictable. The molecular action of a drug does not
always correlate with the clinical effect in any given
patient. So, it is important to measure the QT interval
of critically ill patients daily if they are being treated

with any medication that can prolong the QT interval.

Antiarrhythmic medications are the most common
cause of drug-induced torsade de pointes [8].
Vaughan Williams class IA agents (quinidine,
procainamide and disopyramide) block both sodium
and potassium channels. They can cause torsade de
pointes even at subtherapeutic doses [8].

Vaughan Williams Class III agents are potent IKr
Dofetilide, ibutilide and

associated with the highest risk of torsade de pointes

blockers. sotalol are
[8]. Their effect is maximum at low heart rates. This
characteristic is described as reverse use dependency
[8]. Amiodarone is associated with the lowest risk
[9]. Amiodarone decreases myocardial QT dispersion,
lacks reverse use dependency, and blocks both L-type
calcium channels and beta receptors [8]. As a result of
these unique characteristics, amiodarone rarely

causes torsade de pointes despite prolonging the QT

interval.

Torsade de pointes in patients on antiarrhythmic
therapy is often precipitated by hypokalaemia or
hypomagnesaemia. So it is important to detect and
treat electrolyte derangements in these patients.

Individual paroxysms of torsades de pointes are
usually self-limiting; but if persistent, cardiac arrest
will occur and defibrillation is necessary [3,6].
Episodes of torsades de pointes may be associated
with sympathetic stimulation including exercise and
fear and cause syncope and sometimes convulsion.
Seizures caused by global cerebral ischaemia due to
reduced cardiac output may be clinically
indistinguishable from those caused by epilepsy [6,7].
As a result, patients may be misdiagnosed as This
arrhythmia may also be misdiagnosed as self-
terminating VI or VF unless the characteristic
morphology of torsades de pointes and the QT
interval prolongation is recognised [7]. Accurate
diagnosis is essential as empirical antiarrhythmic
therapy may worsen the arrhythmia by further

lengthening the QT interval [5,7].

Causes of acquired prolongation of the QT interval
are common in critically ill patients [7]. It is
important to recognize this and consider screening
with 12 lead ECG to reduce the risk of life-threatening

ventricular arrhythmias [7].

In acquired long QT syndrome, any predisposing
drugs should be discontinued and electrolyte

disturbance,  particularly = hypokalaemia  and

hypomagnesaemia should be corrected [1,5-7].
Intravenous magnesium is safe and effective. Since
the arrhythmia is associated with bradycardia and
pauses, the heart rate should be increased, if
necessary, through overdrive pacing or isoprenaline
infusion. This should be done with caution in patients
with acute ischaemia [1,7]. High dose beta blockade is
effective in the congenital long QT syndrome although
pacemaker or defibrillator implantation may be
required in resistant cases [1,2,6]. A thorough drug
history should be taken in cases of unexplained
prolonged QT interval [5,7] and the patient should be

asked about any previous episodes of syncope or
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seizures or family history of such events [7].
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