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Apollo and Daphne, in marble, Gian Lorenzo Bernini 1622-1625, Galleria Borghese,
Rome, Italy



...S0 ran the god and girl, he sped by hope
And she by fear. But he, borne on the wings
Of love, ran faster, gave her no respite,

Hot on her flying heels and breathing close
Upon her shoulders and her tumbling hair.
Her strength was gone; the travail of her flight
Vanquished her, and her face was deathly pale.
And then she saw the river, swift Peneus,
And called: “Help, father, help! If mystic power
Dwells in your waters, change me and destroy
My baleful beauty that has pleased too well.”
Scare had she made her prayer when through her limbs
A dragging languor spread, her tender bosom
Was wrapped in thin smooth bark, her slender arms
Were changed to branches and her hair to leaves;
Her feet but now so swift were anchored fast
In numb stiff roots, her face and head became
The crown of a green tree; all that remained
Of Daphne was her shining loveliness.

And still Apollo loved her; on the trunk
He placed his hand and felt beneath the bark
her heart still beating, held in his embrace
her branches, pressed his kisses on the wood;
Yet from his kisses still the wood recoiled.
“My bride”, he said, “since you can never be,
At least, sweet laurel, you shall be my tree. ...

Ovid, The Metamorphoses, Bk 1, 8 AD.

As Daphne races frantically through the forest pursued by the lustful god Apollo she calls
out to her father the river god, Peneus to save her from being ravaged. Peneus instantly
turns her into a laurel tree and Apollo’s frustrated pursuit comes to an abrupt end.
Bernini captures the instant of Daphne’s transformation into a Laurel tree, her arms
have already turned to branches, her left thigh transformed into bark just as Apollo grabs
her by the waist. Apollo is devastated; he breaks off some laurel branches, forms them
into a wreath and wears it in his hair in order to still possess her. The laurel wreath
thereafter becomes the symbolic crown of Roman generals victorious in battle.

Ovid’s 15 books on the Metamorphoses written in the early First century AD, are a series
of myths and legends largely concerning the beginning of the world. The recurring theme
throughout is that life never stays the same. It continually changes, metamorphoses, from
one form to another, permanence is merely an illusion. Daphne has not died, she has
merely been transformed. And so it is that all life is in a continual state of
metamorphosis, nothing remains the same forever and not even the gods themselves can
prevent this.

When treating our patients for valproate overdose, we should recall Ovid’s message that
nothing is static. Whilst our patient may initially seem quite safe and stable, with time
this situation can dramatically change for the worse.



VALPROATE TOXICITY

Introduction

Sodium valproate or valproic acid (VPA) is a commonly used anticonvulsant agent
which has significant toxicity if taken in overdose including death, from cerebral edema
and multiorgan failure.

Its use has recently increased due to newer applications in psychiatry, and because of this,
acute intentional overdose with this agent is becoming relatively more frequent.

It is vital to realise that signs of toxicity may be delayed by many hours in cases where
overdose is large and/or slow release preparations have been taken.

Any patient presenting with significant overdose of valproate must be admitted for
at least 16-24 hours monitoring especially if a sustained release or enteric coated
preparation has been taken, or if the nature of the preparation cannot definitely be
determined.

Early hemodialysis is the best treatment when life-threatening toxicity is
anticipated.

Chronic poisoning is also possible with this agent ! and may be associated with life-
threatening and idiosyncratic toxicities including:

° Hyperammonaemia
° Hepatotoxicity.

Pharmacokinetics

Absorption
° Valproic acid is absorbed well and rapidly from the Gl tract.
° Peak serum concentrations are recorded at 1-4 hours. However, with large or

extended-release formulation overdoses, peak absorption may be erratic and
significantly delayed - up to 16 hours.

) Drugs that slow the GI tract may delay absorption of VPA (opiates,
antihistamines) during co-ingestion.

Distribution
° The volume of distribution is small at 0.1- 0.2 L/ kg
° VPA is 90% protein bound.

° Valproate can cross the human placenta.



° Valproate is distributed into human breast milk in small amounts only.

Metabolism and elimination

° VPA is extensively metabolised in the liver. Less than 3% of the initial dose is
excreted in the liver.

) The half-life is 8-17 hours in adults, and up to 30 hours in those with an acute
overdose.

Pathophysiology

Valproic acid (VPA) appears to act via an indirect mechanism that results in elevation of
brain gamma aminobutyric acid (GABA), levels.

In large overdoses it can also interfere with mitochondrial metabolism.

The most serious complications include:

1. Neurological:

The most serious complication is cerebral edema

This may occur as late as 12-18 hours after acute ingestion and may even
occur as serum valproate levels are decreasing.

It has also been observed in cases of chronic subtherapeutic dosing.

Elevated serum ammonia (NH3) levels are thought to precipitate the
edema.

2. Respiratory

° Respiratory depression.
3. Multi-organ failure:
° May occur with large overdoses

Risk Assessment

Dose dependent CNS depression may be delayed up to 12 hours.

Amount ingested:

Dose ingested

Clinical features




< 200 mg/kg: Asymptomatic or mild drowsiness/ ataxia

200-400 mg/kg: Variable CNS depression/ airway protection not usually required.

400-1000 mg/kg: | Significant CNS depression is likely
Delayed coma may occur (12-18 hours)

Multisystem toxicity of increasing severity.

> 1000 mg/kg Potentially lethal with profound and prolonged coma and
multiorgan failure.

Serum valproate levels:

The therapeutic range is 350-700 micromol/L, (50 - 100 mg/L or micrograms/mL).

Serum valproate levels correlate well with the degree of CNS depression and the
risk of multiorgan failure.

Serum level Clinical features
< 3500 micromols/L ( < 500mg/L) Multiple organ effects not usually seen.
> 3500 micromols/L (> 500mg/L) Coma usually seen. Multi-organ effects.

> 7000 micromols/L (>1000mg/L) Life threatening multiorgan effects.

> 14,000 micromols/L (>2000 mg/L) | Death expected without urgent hemodialysis.

Note that initial valproate levels may be normal, even in the presence of a life
threatening overdose. There must be close monitoring of levels.

Clinical Features

The major features of valproic acid toxicity are:

° CNS depression.




Respiratory depression.

Multi-organ failure.

Patients may initially appear relatively asymptomatic even following large
overdoses.

Progressive deterioration in conscious state is paralleled closely by rising serum

levels.

In severe poisoning coma and other signs of toxicity may persist for several days even
after serum valproate levels have returned to normal.

Toxicological features include the following:

1.

GIT:

° Nausea and vomiting are common initial features.

° Fulminant liver failure is a potentially fatal but rare complication.
° Pancreatitis may occur.

CNS:

The most common toxic manifestation of overdose is CNS depression.

° Restlessness
° Confusion
° Depressed conscious state

In more severe cases:

° Coma:
v This can be prolonged and may even persist for several days after
valproate levels have returned to normal.
° Seizures

Respiratory:
° Respiratory depression in more severe toxicity.

CVS:



° Hypotension:
v This can be refractory to both fluid therapy and vasopressor agents.

5. Metabolic:

° An increased anion gap metabolic acidosis.
Investigations
Blood tests:
1. FBE
2. U&Es/ glucose:

Hypoglycemia may occur.

The following may be seen, and can indicate a worse prognosis: 2

° Hypernatraemia
° Hypocalcaemia
3. Serum valproate levels:

The therapeutic range is 350-700 micromol/L.

° Serum valproate levels correlate well with the degree of CNS
depression and the risk of multiorgan failure, (see above)

They are essential to stratify risk and the need for dialysis.
Note that initial valproate levels may be normal, even in the presence
of a life threatening overdose. There must be close monitoring of

levels.

If CNS depression develops or > 400mg/kg has been taken, serum
valproate levels should be taken every 4 hours, until they begin to

decrease.
4, Serum ammonia levels:
) Note that patients may be hyperammonemic with a normal valproate level.

This may be used as a marker for potential impending toxicity.

5. Serial ABGs/ lactate levels in the unwell patient.



6. As for any overdose consider the possibility of co-ingestants, alcohol,

paracetamol
ECG
° As for any unwell patient.
° QT prolongation may occur with large overdoses. 3
CXR
) Aspiration in those with coma.

CT scan of the Brain

) This must always be considered in any patient with a depressed conscious state.

° In the setting of valproate cerebral edema with signs of raised intracranial
pressure may be seen.

Management

There is no specific treatment, management therefore is supportive.

1. Immediate attention to any ABC issues:
° In those with declining conscious state intubation should be performed
early.

2. Establish ECG monitoring.

3. Hypotension:

) Fluids and vasopressor agents as clinically indicated.
4. Charcoal:
° This may be considered if the patient presents within one hour, or after

4 hours if a sustained release preparation (of >400 mg/kg) has been taken.
It should not however be given if there is any depression of conscious
state.

° Following intubation multi-dosing may be considered (repeat after 4
hours) in cases of large ingestions of valproate as there is some entero-
hepatic circulation.

5. Whole bowel irrigation:



) This has been advocated for overdose with sustained release preparations,
providing the conscious state is not depressed and the patient presents
within 4 hours and if >1000 mg/kg has been taken, if the patient is
intubated.

However the risk for depressed conscious state makes this procedure
hazardous, and it is usually not feasible in the intubated patient and so
early hemodialysis is a far more effective treatment for serious overdoses.

6. Hemaodialysis - or high flux haemofiltration:

Hemodialysis removes valproate efficiently and is indicated whenever life-
threatening systemic toxicity is anticipated.

It is ideally performed before multiorgan dysfunction becomes apparent.

Suggested indications include: *

° Ingestion of > 1000 mg/kg with a serum level > 7000 micromols/L,
(>1000mg/L)

° A serum level >> 6000 umol/L (or 850 mg/L) at any time. 3

° Severe clinical poisoning with lactic acidosis (pH < 7.1) or cardiovascular

instability or cerebral edema.
7. Carnitine:

) This has been suggested as antidote for valproate poisoning, to counteract
its mitochondrial effects.

The evidence for this is tenuous however, being based on case reports and
extrapolation from treatment of children with selected inborn errors of

metabolism. Currently carnitine is not recommended for valproate
overdose.

Disposition:
Any patient with severe poisoning should be discussed with a clinical toxicologist.

Because of the risk of delayed toxicity, patients who have ingested < 200 mg/kg should
still be observed for at least 12 hours following ingestion. 3

The period of observation should be longer (16-24 hours) in cases where:
° An overdose of > 200 mg /kg has been ingested

° Slow release or enteric coated preparations have been taken.



Absorption can be slow and erratic following larger overdoses and sustained release
preparation overdoses and so there is the possibility of delayed effects.

All patients who are to be admitted for observation, even if they initially appear well
should be discussed with ICU.

Patients can be discharged when serial levels of valproate are within therapeutic range
and declining and clinical toxicity has resolved.
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