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ECG IN TOXICOLOGY

“The Story of Isaac”, from the “Gates of Paradise”, Baptistery, Eastern Doors, Florence,
Early Renaissance, 1425 - 1452, Lorenzo Ghiberti.




“First of all about where I draw. I inscribe a quadrangle of right angles (i.e a rectangle), as
large as | wish, which is considered to be an open window through which | see what | want
to paint. Here | determine as it pleases me the size of the men in my picture. | divide the
length of this man in three parts. These parts are to me proportional to that measurement
called a braccio....With these braccia | divide the base line of the rectangle into as many
parts as it will receive.....

Then within this quadrangle....] make a point where the central ray strikes. For this it is
called the centric point. This point is properly placed when it is no higher from the base of
the quadrangle than the height of the man that | have to paint there. Thus both the beholder
and the painted thing he sees will appear to be on the same plane The centric point being
located as | said, | draw straight lines from it to each division placed on the base line of the
quadrangle”.

Leon Battista Alberti, “Della Pittura”, c. 1435.

Historians like to divide one of the most astonishing cultural revolutions in recorded human
civilization, a period known as the Renaissance, into two distinct parts. The first they call the
Early Renaissance, a period which spanned roughly two centuries from 1300 to 1500, and
the second a much shorter period of just a generation they call the High Renaissance,
spanning roughly from 1500 to 1530. The High Renaissance was in effect the culminating
apogee of the entire period - the age of Da Vinci, Michelangelo and Raphael. Over the
course of the Fourteenth century, humanism derived from the newly recovered learning of
the classical world, began to challenge untold centuries of unquestioning religious dogma
and protocol. Art in the Dark and Medieval ages had stagnated in many regards. That is not
to say that it was not beautiful or inspiring, very often it was, in the richness and brilliance of
the materials used and scale of the works, but the artists themselves were very much
subordinate to their message, and the message was almost uniformly of one kind - the moral
or religious motif. Indeed so subordinate were these artists that most were completely
anonymous. But by the early Fifteenth century, things began to dramatically change.
Painting began to take on a more realistic visage. Brilliant new techniques were developed
that showed the skill of the artist, now no longer anonymous but on many occasions very
famous indeed. The humanists asserted that as rational beings, more energy should be put
into understanding and seeing the world we live in and appreciating it for its own value
rather than simply spending one’s entire life preparing for an ill defined existence after
death. They saw beauty and meaning in the earthly here and now, and with this new insight
strove to depict a humanistic vision in their works. No longer the flat lifeless and template-
standard of much of medieval Byzantine and Gothic art but rather a new realism emerged
based on logical laws and empirical observations.

The result was an explosion of incredibly realistic art which almost appears to us today as
some abrupt and well demarcated geological strata of cultural history. In the early Fifteenth
century exact, even mathematical methods were being developed in the way light, shade, and
dimension were being depicted. One of the most innovative of the new methods was the
technique of perspective. For the first time, realistic perceptions of depth were achieved in
the visual arts replacing the flat, dimensionless and lifeless motifs of the middle ages. The
earliest master of the technique of perspective, as far as Art historian can ascertain, was the
brilliant Florentine Filippo Brunelleschi. He created two demonstration panels in around



1415 which showed for the first time realistic depictions of depth. Tragically these landmark
works are now lost. His ideas would not become widely disseminated however for another
decade, when Alberti, published his “Della Pittura”, in which he carefully described with
mathematical precision the way in which the illusions of depth and perspective could be
constructed. He is the first to mention the idea of the “vanishing point”, which he termed the
“centric point”. One of the aspects that makes the famous doors of the Baptistery in Florence
a priceless masterpiece is the works of Lorenzo Ghiberti which show the results of the new
techniques described in the Della Pittura.

Alberti described how he would turn his intended painting into a window divided into panes
of a precise quadrangular grid and from this grid work with mathematical precision to
construct a series of horizontal lines known as transversals and a series of “centric points”
all around which he produced image that had a realism never before seen. Though his scenes
are those of the traditional religious motifs of the middle ages they are depicted in an entirely
new way - a new humanistic vision world - an earthly world that has a beauty and
significance of its own, quite apart from any religious or moral message.

Today a new renaissance greets us in the Art of Toxicology. We now look at our patient’s
ECG in a far more humanistic and scientific way when we examine the age- old motif of the
QT interval. A mathematical grid has been designed for us upon which we may paint the QT
interval in a far more realistic way than ever before depicted!
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Left: The figure of Isaac, from the east doors of Florence’s Baptistery, divided into
Ghiberti’s three braccio. Right: Ghiberti’s scene showing the transversal lines and “centric”
points of Alberti upon which Ghiberti constructed his Early Renaissance masterpiece.



ECG IN TOXICOLOGY

Introduction

The 12 lead ECG is an essential part of the assessment of patients who present with
drug overdose.

It can identify early and otherwise occult signs of potentially lethal cardiac conduction
abnormalities.

For this reason toxicologists recommend it as a screening test in all patients who present
with deliberate self-poisoning.

Of particular importance is the QT interval.

) Drugs can cause prolongation of the QT interval, alone or in combination, potentially
leading to fatal arrhythmias such as torsades de pointes.

° When prescribing drugs that prolong the QT interval, the balance of benefit
versus harm should always be considered.

° Readouts from automated ECG machines are unreliable. The QT interval should be
measured manually.

° Changes in heart rate influence the absolute QT interval. Heart rate correction
formulae are inaccurate, particularly for fast and slow heart rates.

) The QT nomogram, a plot of QT interval versus heart rate, can be used as a risk
assessment tool to detect an abnormal QT interval.

v The QT interval is the duration between the start of the Q wave and the end of
the T wave on an ECG. Older methods of measuring the QT interval,
correcting for heart rate and determining what is an abnormal interval are
outdated and provide a poor risk assessment for patients. The QT nomogram
is now used to assess this interval in the setting of Toxicology, (but is not
used outside of this setting).

ECG analysis is a dynamic assessment. Serial recordings will often be needed to monitor
progression or resolution of toxicity.

Benefits
The utility of the 12 lead ECG in toxicology includes;
) The 12 lead ECG can provide real time prognostic information about the target

organ (myocardium) that is not otherwise available from clinical assessment or
laboratory investigation.



° Serial ECGS provide valuable ongoing monitoring of patients who have taken
cadiotoxic drugs. This can monitor progression or regression of toxicity.

° The ECG can guide decision making regarding, treatment, the need for ongoing
monitoring and disposition decisions.
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The normal ECG intervals
Heart rate:  60-100 b.p.m
P-R: < 200 msecs (or 5 small squares or 1 large square).
One small square is 0.04 seconds (which is equal to 40 milliseconds).
QRS: < 100 msecs (or 2.5 small squares).

QTc: In the toxicology setting the QT nomogram should be used to determine this.



Normal Electrophysiology

The Cardiac Action Potential
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The pattern of action potentials from non-pacemaker cardiac cells and pacemaker cardiac
cells.

For non-pacemaker tissue:

Phase 0: Rapid depolarisation due to rapid sodium influx
Phase 1: Initial repolarisation due to potassium and chloride efflux
Phase 2: The plateau where there is a balance of potassium efflux and calcium influx

Phase 3: Rapid repolarisation due to potassium efflux



Phase 4: The resting membrane potential before the next depolarisation

Electropathophysiology
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The principled drug induced myocardial toxic mechanisms include:

1. Fast sodium channel blockade:

2. Potassium efflux blockade during repolarisation.
3. Sodium-potassium ATPase pump blockade.

4. Calcium channel blockade.

5. Beta-adrenargic blockade.

6. Myocardial ischaemia.

7. Hyperkalemia.

8. Hypocalcemia.



Fast sodium channel blockade:

Blockade of the fast sodium channels results in a flattening of phase 0 of the cardiac action
potential.

ECG changes will show:

1. Widening of the QRS.

2. Increased prominence of the terminal R wave of AVR
) Terminal R wave in AVR >3 mm
° R/S ratio > 0.7 in AVR

See also Appendix 1 below.

Potassium efflux blockade during repolarisation, (QT prolongation):

This results in prolongation of the QT interval, which may precipitate torsades des pointes
or monomorphic VT

Most drugs known to cause QT prolongation block the rapid component of the delayed
rectifier potassium channel. This prolongs the action potential and lengthens the QT interval.

Delayed ventricular repolarisation will lead to early after-depolarisations, which can result in
re-entrant pathways or focal activity and torsades de pointes

Many drugs have been implicated in QT prolongation, but the actual risk of this occurring
is unclear in most cases, (see Appendix 2 below).

To complicate matters there are some drugs, such as amiodarone, that cause QT
prolongation, but rarely, (if ever), cause torsades de pointes.

For some drugs, such as sotalol, amisulpride and citalopram or escitalopram, there is a lot
of information on the risk of QT prolongation and torsades de pointes.

Conversely, for other drugs such as quetiapine, venlafaxine and risperidone there is a large
amount of normal QT interval data to support a very low risk of torsades des pointes.

Genetics account for a large amount of the variability in the QT interval in healthy
individuals. This may explain why some individuals are more predisposed to QT
prolongation.

Drug interactions:

Note that QT prolongation may be due to multiple factors or more than one drug.



It is important to consider both pharmacodynamic and pharmacokinetic drug interactions
when prescribing drugs.

Concomitant use of two drugs that prolong the QT interval, such as escitalopram and sotalol,
will increase the risk of QT prolongation and torsades de pointes due to a pharmacodynamic
interaction.

Pharmacokinetic interactions can also lead to QT prolongation, such as erythromycin
inhibiting the metabolism of cisapride via cytochrome P450 (CYP) 3A4.

Non-drug factors:

Note that there is also a range of non-drug related causes of prolonged QT interval, (see
also separate document on Prolonged QT Syndromes in CVS folder).

Sodium-potassium ATPase pump blockade.

This is seen in particular with cardiac glycosides.

There will be:
1. Increased automaticity
2. Impaired AV node conduction
° First, second or third degree heart block

Calcium channel blockade.

This will show:

1. Sinus bradycardia.

2. Impaired AV node conduction
° First, second or third degree heart block
3. Intraventricular conduction delays.

Beta-adrenergic blockade.

This will show:
1. Bradycardia.
2. Impaired AV node conduction

° First, second or third degree heart block



Myocardial ischaemia.

This may be seen in particular with cocaine, amphetamines and amphetamine derivatives.

This will show:

1. ST segment elevation or depression.
2. Conduction abnormalities.
Hyperkalemia.

This will show:

1. Peaked T waves

2. Reduced P waves
3. Widened QRS

4. Conduction delays

Hypocalcemia.

This can result in QT prolongation.

Systematic Analysis

A systematic approach to the assessment of the ECG in a drug poisoned patient may proceed
as follows:

1. Rate
2. Rhythm:

° Including enhanced automaticity
3. Conduction delays:

° P-R interval

° Second or third degree heart block.

4, QRS interval

° Use lead 11



QT interval
(msec)

Q-Tc interval:
The “normal” QT interval is dependent on the heart rate.

In general terms the average 24-hour QTc interval is:

° 440 msec in men
° 460 msec in women
° 450 msec overall.

Traditionally various “rules of thumb” or formulae (such as Bazett’s formula or
the Half R-R rule) were used to calculate the QT- ¢, however all are unreliable.

Automated QT-c readings from 12 lead ECG machines are also unreliable.

The arrhythmogenic risk for drug induced QT prolongation can be predicated
by the QT nomogram. 2
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The QT nomogram is a plot of the QT interval versus the heart rate. A QT—heart rate
pair above the line is associated with an increased risk of torsades de pointes.



There is some evidence that the further above the line the QT - heart rate pair is, the
greater the risk of torsades de pointes. However, other factors such as hypokalaemia
or individual (genetic) susceptibility probably also play a role.

The method of measurement is as follows:

Obtain 12 lead ECG:

The QT interval length is manually measured in 6 leads on the ECG, usually:

° 3 limb leads: I, Il and aVF

° 3 chest leads: V2, V4 and V6

Measure the absolute QT interval:

The QT interval is manually measured from the start of the Q wave until the T wave
returns to baseline

On a standard ECG at 25 mm per second this is best done by counting the number of
small squares:

° 5 small squares = 200 milliseconds

° 8 small squares = 320 milliseconds

Do not use the ECG automated readout or QTc
Calculate the median QT:

The median is the middle number of all 6 measured QT intervals when arranged in
numerical order

If there are 2 middle numbers, e.g. position 3 and 4, then the average of these 2
measurements is the median

Determine the heart rate:

The heart rate is the average measurement derived from the RR interval on the 12
lead ECG and is most accurate when read from an automated ECG.

Plot QT on the nomogram:

The median QT length is then plotted against the heart rate on the QT nomogram.

If the QT—heart rate pair is above the line on the nomogram it is a prolonged QT and
there is an increased risk of torsades de pointes.



7.

The overall risk:

In addition to assessing a single QT—heart rate pair on a nomogram, it is
important to also consider the known risk of the drug involved and whether the
patient has an underlying abnormal QT interval.

This may be difficult to determine, but if old ECGs can be obtained this will
provide a useful comparison.

Utility of Single Lead Readings:

If a single lead only is examined - then there is some evidence that lead V2 is the
most appropriate lead to examine - although more work needs to be done to establish
whether this is as reliable as the “Median of 6 rule”.

Specific signs of fast sodium channel blockade:

° Widening of the QRS.

° Increased prominence of the terminal R wave of AVR, (in technical terms
this is a right axis deviation of the terminal R wave).

This can be a normal variant or a pathological one. If normal then the features
remains constant throughout the course of the poisoning. In poisoning changes
are dynamic. Comparison with previous ECGs are useful.

It is particularly seen in cases of TCA poisoning, but is not specific to theses
and may be seen in any case of fast sodium channel blockade.

Look for:
v Terminal R wave in AVR >3 mm

v R/S ratio > 0.7 in AVR

.
GRS e

Dominant R wave in avVR
i1 aVL

Hyperkalemia:



° Look specifically for any evidence of hyperkalemia.

8. Myocardial ishcaemia:
° ST segment elevation/ depression.
Serial ECGs

Note that ECG analysis is a dynamic assessment.

Serial recordings will often be needed in order to:

° Monitor progression or resolution of toxicity.

° Determine the level of care and ongoing monitoring required

° Assist in decisions regarding the most appropriate disposition.



Appendix 1

Drugs that block fast sodium channels (QORS widening):

These include:

1. Class 1a arrhythmic agents or drugs with some class 1a activity:
° Quinidine
° Procainamide
° Disopyramide

Some class l1a activity:

° TCAs
° Phenothiazines
2. Class 1c anti-arrhythmic agents:
° Flecainide
3. Local anesthetic agents:
° Bupivicaine
° Ropivacaine
° Cocaine
4. Others:
° Propranolol
° Venlafaxine/ desvenlafaxine
° Bupropion
° Dextropropoxyphene
° Carbamazepine

° Chloroquine/ Hydroxychloroguine



Appendix 2

Drugs implicated in QT prolongation and torsades de pointes:

Note that there is also a range of non-drug related causes of prolonged QT interval

The drug causes of QT prolongation in toxicology include:

1. Class la anti-arrhythmics:
° Quinidine, procainamide, disopyramide
) Including drugs with Ia or “quinidine like” effects:

v TCAs, phenothiazines

2. Class Ic drugs:

° Flecainide
3. Class Il anti-arrhythmics:

L Sotalol

° Amiodarone (rare in practice)
4. Others:

In particular:

° Organophosphates

° Some non-sedating antihistamines.
° Antipsychotic agents to variable degrees:

v These may include both “typical” and “atypical” agents.
° Some antibiotics:

v Macrolides: erythromycin, azithromycin.
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Eastern doors of the Baptistery, Florence, 1425 - 1452, Lorenzo Ghiberti.
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