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PHENYTOIN TOXICITY

“Odalisque ”, Francesco Paolo Michetti, oil on canvas, 1873

The night was oppressively hot despite the gentle breeze coming in off the Bosphorus.
Leyla tossed and turned wondering if the Sultan would be coming to her tonight. Under
Ibrahim in 1648 the Harem had reached its most impressive dimensions. He had installed
an unheard of number of 900 girls for his personal gratification. He had lavished
unprecedented luxury on to the Harem, multitudes of running fountains, exotic



fragrances that filled every room, and intricate and beautiful artwork covered the marble
walls and floors, and fabulous textiles from all corners of the Empire lay strewn about.
Although the Sultan had a great many women for his personal pleasure, Leyla was one of
his current favourites and so a visit requiring that she perform her “duties” was more
likely than not - yet he had not come for several nights. Something was wrong in the
palace.

There was a tense air of political intrigue. Leyla sensed dissatisfaction among powerful
figures toward the current Sultan. He had allowed the Ottoman Empire to decline into
ruin. He was lazy and dissolute, disinterested in the affairs of the Empire, interested only
in his own voracious sexual appetite spending every waking moment within the walls of
the Harem. He had brought shame to the memory of the great Suleiman the Magnificent.
Leyla could just make out muffled voices behind the great drapes of the Harem. The
Valide, matron of the Harem and possibly the most powerful person in the Empire apart
from the Sultan himself, was being respectfully addressed in hushed whispers by the Aga
of the Janissaries;

“Gracious mistress, the folly and madness of the Padishah have put the world in danger,
the infidels have taken forty castles on the frontier of Bosnia and are blockading the
Dardanelles with eighty ships while the Padishah thinks only of pleasure, debauch and
the selling of offices”.

It became clear to Leyla that a coup was being planned, Ibrahim would be deposed and
strangled and the prince Mehmed would take his place as the new Sultan. Upon realising
what was taking place her heated agitation turned to fever pitch that not even her lemon
tea or favourite parrot could distract her from. Added to her anxiety was her knowledge
that had the plotters known that they had been overheard, they would have instantly
abducted her, sewn her into a sack and tossed her over the walls of the city to drown in
the Bosphorus below - a time honoured palace method of disposal of unwanted Harem
girls! With these horrible thoughts the walls of the Harem seemed to contract in on her,
suffocating her. Even the fine silk sheets that covered her, only 0.4 of a millimeter in
thickness, seemed oppressive in the inferno of the night. She decided she would discard
them altogether. She must not leave them lying about on the marble floor however lest
she incur the wrath of the Valide. Her eyes darted around the hall, resting on a small
fabulously jeweled box not used for anything of importance. She guessed that if she could
fold the silk sheets enough times she could place the sheets into it and thus avoid the
wrath of the Valide. She looked at her sheets, and then at the small box - about forty folds
should do it she thought to herself!

History would later record that Leyla would fail miserably in her target of forty folds of
her silk sheets. She would only just be able to attain 7 folds and only then with extreme
difficulty. Worse than this the whole mass became hopelessly bulky and refused to be
placed within the jeweled box. Forty folds do not seem very much for a large sheet a
mere 0.4 millimeters in width, but the astonishing fact is that had she been able to
achieve 40 folds, she could have slept on the Moon! Sheet or paper folding is one
example of a mathematical exponential or geometrical progression. Things begin slowly
but then progress at ever greater rates until within a relatively few steps progression
proceeds on a truly cosmic scale! The pervading wisdom until recently was that in fact a



sheet of paper could only be folded 7 or 8 times, until a brilliant young Californian high
school mathematician by the name of Britney Gallivan managed to fold a thin very long
sheet of tissue 12 times! She did this as part of her high school mathematics project
where she worked out a formula that characterized the limit on the number of times a
sheet of paper of a given initial length, (L) and thickness (t) can be folded in a single
direction. Her formula showed that in order to achieve (n) folds the initial length of
paper, L, must equal ( t/6) x (2" + 4) x (2" - 1). By studying this equation it can be
worked out that a natural limit must be reached to the number of folds that are physically
possible - folding cannot simply occur indefinitely, (otherwise Leyla would have reached
the Moon with her 40 folds!). It turns out that on each fold a certain amount of paper (or
sheet) is lost at the edge that forms the fold. This amount increases dramatically on each
fold. This is fine for the first small number of folds where this amount remains small, but
ultimately there is simply not enough paper to be able to cover the distance of the turn at
the edge in order to proceed to the next fold. Mathematicians have named this limitation
the “bed sheet problem”.

The metabolism of phenytoin is “saturable”, meaning that once a certain point is
reached it cannot be metabolized at a faster rate. Blood levels will then rise dramatically,
even with the smallest of increments in dosage. This level will not be raised in an
exponential sense; however the story of the bed sheets does remind us that it is not
necessarily true that seemingly minor additions always have directly proportionate
consequences - they may in fact be far greater!
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PHENYTOIN TOXICITY

Introduction

Phenytoin toxicity can result from:

° Acute deliberate overdose.
° Repeated supratherapeutic dosing.
° Rapid IV administration.

Toxicity is not usually fatal following ingestion and will predominantly involve dose
related:

° Ataxia
° CNS depression.

Phenytoin metabolism is saturable, so that when this point is reached, relatively
small additional doses may result in very significant increases in toxicity.

Management of acute overdose is supportive

History

Phenytoin was first synthesized by the German chemist Heinrich Biltz in 1908.

Biltz sold his discovery to Parke-Davis, which did not find any immediate use for it.

In 1938 H. Houston Merritt and Tracy Putnam discovered phenytoin’s usefulness as an
anticonvulsant, without the sedative effects associated with the barbiturates which were
used for epilepsy in those days.

In contrast to the earlier accidental discoveries of the anticonvulsant properties of
bromide and phenobarbital, phenytoin was the product of a deliberate search among non-
sedating structural analogues of phenobarbital. It was tested in electroshock convulsion
experiments in laboratory animals.

It entered clinical practice as an anticonvulsant in the US in 1953.

Preparations

Phenytoin sodium as:

Tablets/ capsules:

° 30 mg, 50 mg, 100 mg, 200 mg.



Liquid:

° Paediatric suspension 30 mg / 5ml
Ampoules:

° 100 mg / 2 ml of phenytoin sodium
° 250 mg / 5mL of phenytoin sodium

Toxicology

Phenytoin blocks fast sodium channels. This mechanism is the basis of its therapeutic
action, but in excess os also the basis of its toxicity.

Pharmacokinetics

Absorption:

° Absorption is slow and erratic following oral overdose.
° Peak serum levels may be delayed 24-48 hours.
Distribution:

° The volume of distribution is 0.6 L/kg

° Protein binding is high (about 90%)

° Phenytoin is excreted into breast milk

° Phenytoin crosses the human placenta.

Metabolism and excretion:

° Phenytoin is metabolized by cytochrome p450 in the liver to inactive metabolites.
° Phenytoin exhibits zero order elimination Kinetics
The metabolism of phenytoin is saturable and plasma levels as well as elimination
half-life can rise dramatically with small increases in dose when saturation has
occurred.

Elimination half-lives in overdose may vary from 24 hours up to 230 hours.

Note that cytochrome p450 (2C9), exhibits genetic polymorphism which means
that elimination rates can also vary between individuals.



Risk Assessment

Dose related risk assessment:

Dose Effects

10-15 mg / kg Standard therapeutic loading dose.

20-100 mg / kg Ataxia/ dysarthria/ nystagmus.

> 100 mg / kg Potential for coma and seizures.

Clinical Features

Following oral ingestion:

1. GIT upset:
° Mild upset may occur within 2 hours of acute overdose.
2. CNS:

The onset of neurological toxicity develops gradually over hours following acute
overdose.

Dose dependent neurological features include:

° Nystagmus (slow horizontal or vertical)

° Cerebellar ataxia is very characteristic.

° Ophthalmoplegia

° Dysarthria.

° Extrapyramidal effects: tremor/ involuntary movements.
With massive overdose:

More severe symptoms may be seen including:



° Coma. Note however that coma is uncommon in isolated phenytoin
overdose and other causes will need to be considered.

° Rigidity.
° Seizures.

Neurological symptoms of toxicity typically resolve slowly over 2- 4 days as
serum levels gradually fall.

In prolonged and severe intoxication, there may be permanent cerebellar injury.
3. CVS:
° CVS symptoms are not seen with overdose ingestions.

Chronic toxicity

Chronic toxicity usually presents with the gradual onset of:
° Cerebellar ataxia.

) Nystagmus

° Dysarthria

Phenytoin toxicity should be considered in any patient taking phenytoin who
presents with difficulty walking.

Following IV administration:

The recommended maximum rate of phenytoin administration IV is 50 mg / min.
If phenytoin is given too rapidly IV the following may be seen:

° Hypotension

° Bradyarrhythmias/ asystole

° Ventricular arrhythmias

These effects are actually due to propylene glycol diluent. 2

Investigations

1. FBE

2. U&Es/ glucose



3. 12 lead ECG

4. Consider coingestion:
° Blood alcohol
° Serum paracetamol levels
5. Serum phenytoin levels:
° Elevated levels are needed to confirm the diagnosis.
) Levels will correlate with the degree of clinical toxicity.
Serum level Clinical effects
80-130 micromols/L Nystagmus is likely to be seen.
GIT upset
130-160 micromols/L Is associated with significant ataxia.
Bradycardia, hyperreflexia, dysarthria,
drowsiness, ophthalmoplegia
> 200 micromols/L May result in coma/ seizures
° In mild to moderate intoxication, management will be guided by the

clinical features rather than blood levels and so repeated levels are not
generally necessary.

° In severe intoxication, serial levels (e.g. 6 hourly 2) are useful to monitor
for any ongoing absorption and response to intervention.

Management
Following overdose from acute ingestion:
1. Attend to any immediate ABC issues.

™ IV access



2. ECG monitoring:

) Routine ECG monitoring is not necessary following oral overdose or in
cases of chronic toxicity.

3. Charcoal:

° Charcoal may be given to alert and cooperative patients who present
within 4 hours of ingestion.

Multi-dose activated charcoal may enhance elimination of phenytoin and
should be considered in intubated patients in patients with severe clinical

features. 2
4. Treatment is otherwise supportive, there are no specific treatments.
5. Charcoal hemoperfusion and plasmapheresis:
° These have been used in severe cases, to enhance elimination, but these

are not routine interventions, as benefit has not be proven.
Discuss with a Clinical Toxicologist.
Disposition:

Complete resolution of ataxia is an important consideration in the medical clearance of
patients with phenytoin toxicity as falls represent a particular hazard.

It may take several days for phenytoin toxicity to resolve



“They were so many that their number rose up faster than the chessboard doubling ”

Dante Aligheri Paradiso, (1306-1317)

A geometric progression of wheat candy on a chessboard. 2 A hungry lady bird sits on the
16" square - when her square is filled, she will never want for wheat candy again - her
square will contain 65,546 pieces!

The first recorded mention of mathematical geometric progression is thought to have
been made by the Arabic scholar Ibn Khallikan in the year 1256. The first recorded



mention in the “West” appears possibly in the early Fourteenth century in the “Divine
Comedy” of Dante who closely followed the latest advances of science, art, astronomy,
music, and mathematics.

Ibn Khallikan recorded that legend had it that it was the Grand Vizier Sissa ben Dahir
who invented the game of chess. The game’s popularity rapidly spread throughout the
Middle Eastern world and eventually it reached a great and powerful Indian King,
Shiram. Shiram was so taken with the new game he wished to bestow on its inventor any
wish that he desired. The wise Grand Vizier replied, “Majesty, I would be happy if you
were to give me a grain of wheat to place on the first square of the chessboard, and two
grains of wheat to place on the second square, and four grains of wheat to place on the
third square, and eight grins of wheat to place on the fourth, and so on for the sixty-four
squares”.

The King’s mathematician suddenly paled but before he could advise his master, King
Shiram, not being a mathematician, exclaimed dumbstruck, “You fool! I can grant you
your greatest wish and this is all you ask? He promptly granted the Vizier his wish. It was
only later that Shiram’s mathematician was able to explain the nature of geometrical
progression. He would have to provide the Grand Vizier with 2% grains of wheat - a
number that came to 18,446,744,073,709,551,615 grains! The mathematician Jan
Gullberg estimated just what this amount represents when he wrote, “With about 100
grains to a cubic centimeter, the total volume of wheat would be nearly...two hundred
cubic kilometres, to be loaded onto two thousand million wagons, which would make up a
train reaching a thousand times around the Earth!!” The Grand Vizier was no fool!
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