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As clinical toxicologists, much of our role is early risk 
assessment of the patient to predict potential bad outcomes 
and intervene to minimise morbidity, mortality, or costs. Not 
only must we predict risk, but we must also be wise stewards 
of the health care system and balance any potential risk with 
the use of hospital resources, facilities, patient time, cost, 
and impact. Cardiac toxicity and interpretation of electro-
cardiogram (ECG) intervals is one of our expert core skills 
which we must maintain and adapt as new scientific data 
comes along. The study by Shastry et al. in JMT draws an 
association between delayed QT interval prolongation and 
adverse cardiovascular events [1]. Their study importantly 
highlights the QT interval as a risk assessment tool and 
draws attention to the question of ECG timing in predict-
ing risk. As the authors openly acknowledge in their limi-
tations section, there are challenges with performing this 
type of study, particularly a secondary analysis of data, and 
Shastry et al. provide readers with appropriate caution on 
interpretating their results. The lack of certain data, such 
as ingestion details and the non-standardised timing of the 
initial and follow-up ECG, may limit the extension of their 
findings into clinical practice. Also candidly highlighted by 
the investigators is their acknowledgment that association 
does not necessarily amount to causation. There may be risk 
in using the QT interval to predict outcomes that do not have 
a direct pathophysiological relationship. For instance, asso-
ciating shock or myocardial injury, as evidenced by troponin 
elevation, to a delayed QT interval does not reflect the under-
lying mechanisms of risk associated with the QT interval 

prolongation. Likewise, linking a drug that is unlikely to 
cause QT interval prolongation to delayed ECG changes that 
have presumably been caused by other factors may create 
a misunderstanding and could result in drugs being labelled 
at risk of causing QT interval prolongation when they do 
not. Finally, there is also continued debate regarding which 
is the best method of measurement of the QT interval, and 
certainly the use of the ECG measured QTc with its own 
limitations should be noted, as we will discuss below.

The measurement of the QT interval on the ECG is used 
as a risk assessment tool for predicting Torsade de Pointes 
(TdP) and other cardiac dysrhythmias. TdP is a rare phenom-
enon, even in patients who have intentionally self-poisoned 
[2]. Physiologically, the QT interval represents the repo-
larisation stage (stage III) of the cardiac action potential, 
such that lengthening of the interval (a long QT) signifies 
a delayed repolarisation phase, usually due to potassium 
channel blockade. This elongated action potential has an 
increased absolute refractory period and a more positively 
charged state. This occurs with variation across the heart 
(increased QT dispersion) between epicardium and myocar-
dium for instance. During this prolonged phase, L-type cal-
cium channels can reactivate and early afterdepolarisations 
(EADs) occur which can trigger a re-entry phenomenon and 
proceed to episodes of TdP [3]. Thus, for TdP to occur, mul-
tiple successive events must be present, even when the QT 
interval is long. This chain of circumstances explains both 
why TdP is rare and also why the QT interval is not the ideal 
risk prediction tool.

Despite its shortcomings, the QT interval is currently the 
best assessment tool we have for predicting TdP, or perhaps 
more correctly, excluding TdP risk. Correctly interpreted in 
context, a normal ECG on presentation can remove a patient 
from a lengthy observation period on cardiac monitoring. 
However, we do know the QT interval is not static nor are 
the dynamic effects of poisonings. It changes with heart 
rate, time of day, electrolyte shifts, drug concentrations, 
and countless other yet to be described factors. The need 
for further screening or monitoring must be guided by our 
knowledge of which drugs are at risk of prolonging the QT 
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and what factors influence the onset, duration, and severity 
of that prolongation. Unless interpreted in these specific and 
dynamic contexts, we risk over assessing, over monitoring, 
and over treating. For instance, we can deduct that the tim-
ing of QT interval changes will be related to differences in 
drug absorption and distribution, potential active metabo-
lites, elimination half-life, co-ingestants, pharmacokinetic 
and pharmacodynamic drug interactions, and individual fac-
tors including electrolyte imbalances and comorbidities. For 
example, previous modelling work on citalopram ingestions 
demonstrated that QT interval prolongation is delayed [4], 
and this generated a recommendation for 12 hours of car-
diac monitoring post ingestion of more than 600 mg [5, 6]. 
Equally, we know benzodiazepines, even in overdose, are not 
at risk of causing QT interval prolongation [7, 8].

Limitations in using the ECG printout data, rather than 
visual interpretation of the ECG morphology, are paramount 
to take into account. It is known that standard ECG algo-
rithms cannot accurately measure the QT interval, particu-
larly when the T wave is long or the morphology is unusual 
[9]. Under-reporting of the QT interval by the ECG machine 
occurs. Raw manual measurement of the QT interval and its 
heart rate pair is advocated [10, 11]. This is because the QT 
interval is directly related to the length of the cardiac cycle. 
If a patient has a fast heart rate, they will have a shortened 
cardiac cycle or time in which to complete each cardiac 
action potential, and also less time to trigger EADs (some-
times referred to as protective). The slower the heart rate 
the longer the cardiac cycle and longer the QT interval can 
become. Mathematical formulae, whether programmed in 
ECG machines or calculated by hand, such as Bazett’s, that 
aim to correct the QT interval into a standardised corrected 
QT (QTc) for heart rate, routinely over-correct in tachycardia 
and under-correct in bradycardia[12]. Quetiapine is a classic 
example of a drug that results in an ECG machine long QTc 
reading due to tachycardia when manual review of the ECG 
shows no raw QT prolongation [13].

Shastry et al. raise the issue of delayed QT interval prolon-
gation even when the initial presentation ECG may be normal; 
however, the question of who to monitor and for how long 
remains relatively unanswered. Monitoring patients who are 
not at risk of delayed QT changes places a burden on our health 
care system. As the authors acknowledge, we must be cautious 
in drawing any conclusions made from these data given the limi-
tations discussed, and rather use the recognition of the changing 
QT interval over time to further drive research on the QT inter-
val in drug overdose. Collaborative and prospective research 
should include ingestion details, context and timing of the ECG 
with visual ECG interpretation, in the context of heart rate, to 
correlate findings with drug pharmacodynamic and kinetic data 
to develop evidence-based guidelines such as those established 
for citalopram overdose in Australia [5]. Research should focus 
on drugs with a physiological mechanism for possible delayed 

QT changes. Meanwhile, astute clinical assessment, attention to 
patient vital signs, monitoring of electrolytes, and visual inter-
pretation of the ECG in the context of ingestion details remain 
our most useful predictors of potential cardiovascular events.
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