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ABSTRACT

Aims: Among the antiepileptic drugs (AEDs) applied for secondary prophylaxis of post-
traumatic epilepsy (PTE), carbamazepine (CBZ) may cause severe side effects and
worsen traumatic brain injury (TBI).

Presentation of Case: Two days after a bicycle accident causing severe TBI, a 23yo
female developed a questionable seizure and received CBZ. Since then she required
substitution of sodium. Six days after the accident she was extubated. Serum sodium
was 123mmol/l. One day after transfer to the general ward, she was found comatose
with a serum sodium of 114mmol/l. Cerebral CT showed diffuse cerebral edema.
Electroencephalography did not record paroxysmal activity. After replacement of CBZ by
levetiracetam, her condition markedly improved with a favourable outcome.

Discussion and Conclusion: CBZ was made responsible for severe hyponatraemia in
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the presented case after exclusion of all other possible causes. Hyponatraemia may
trigger the recurrence of cerebral edema after TBI. Hyponatraemia from CBZ may
favourably respond to slow substitution of sodium with physiologic saline. CBZ for
secondary prophylaxis of PTE may cause hyponatraemia, cerebral edema, and
deterioration of pre-existing TBIl. Replacement of CBZ by levetiracetame may resolve the
condition. CBZ should be used with caution for secondary prophylaxis of PTE in TBI.

Keywords: Cranio-cerebral injury; post-traumatic  epilepsy;, sodium; side effect;
carbamazepine; antiepileptics.

1. INTRODUCTION

Posttraumatic epilepsy (PTE) is a recurrent seizure disorder following traumatic brain injury
(TBI, cranio-cerebral injury) [1]. TBI accounts for 10-20% of symptomatic epilepsy in the
general population and 5% of all epilepsy [1,2]. Occurrence of seizures after TBlI may be
categorized as immediate (<24h), early (1-7d), or late (>1w after TBI) [3]. Incidence of early
PTE is 3-10% [4,5]. Treatment of symptomatic epilepsy in TBI patients is challenging and
usually carried out by antiepileptic drugs (AEDs) such as phenobarbital (PB), phenytoin
(PHT), valproic acid (VPA), or carbamazepine (CBZ) [6]. We report a patient with TBI who
initially received CBZ and later PHT as secondary prophylaxis of PTE and developed severe
side effects.

2. PRESENTATION OF CASE

A 23-year-old female with normal serum sodium levels prior to admission experienced a TBI
after a bicycle accident. On admission she vomited and had an initial Glasgow-Coma-scale
of 6. She was intubated (hospital day (hd) 1). A CT-scan of the cerebrum and skull revealed
a left parieto-temporal subdural and epidural hematoma (4mm) and a parieto-temporal
subdural hematoma (4mm) on the right side. Within the frontal and temporo-basal sulci mild
blood accumulations, suggesting traumatic subarachnoid bleeding, were detected. There
was also mild left temporal contusional bleeding. The left temporo-frontal cortex/white matter
border was slightly blurred, thus a contusional edema was suspected. There were non-
dislocated fractures of the right os temporale and parietale, os occipitale, os sphenoidale, os
nasale, orbital roof, and ethmoidal and frontal sinuses. After a control cerebral CT had
shown increase of the right subdural hematoma to 17mm, increase of the left temporal
contusional bleeding, and compression of the right ventricle, she was transferred to a
hospital with neurosurgical service (hd2). A right osteoplastic trepanation was carried out.
Post-operative monitoring of the intra-cerebral pressure revealed normal values. On hd3 she
experienced a questionable tonic-clonic seizure, which is why CBZ (600mg/d) was started.
At that time she also received arterenol, midazolam, pantoprazole, ceftriaxone, enoxaparin,
and potassium-malat. Since then she required continuous substitution of sodium with 0.9%
saline infusions at 100ml/h. On hd7 she was extubated, contacted her surrounding, and
started to speak. The serum sodium level was 123mmol/l. The carbamazepine level was not
determined. She was tired, bradyphrenic, complained about occipital headache, and
experienced nausea and vomiting. Differential diagnoses of hyponatraemia considered were
vomiting and sweating. Between hd6 and hd9 intra-cerebral pressure continuously increased
(Fig. 1), but intra-cerebral pressure values were interpreted as implausible, since the ICP
curve was normal, the patient alert, but the intra-cerebral pressure 60mmHg. On hd9 the
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intra-cerebral pressure-transducer was removed and she was transferred to the general
ward. Sodium substitution was discontinued because of normal serum sodium values.
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Fig. 1. Intra-cerebral pressure values showing increasing tendency on hd7 and hd8

On hd10 she was found comatose with non-reactive pupils. There was no tongue bite,
secessus, or cloni. Serum sodium, however, was reduced to 114mmol/l. Cerebral CT
showed generalised cerebral edema (Fig. 2), which is why she was re-intubated and
received another intra-cerebral pressure-transducer, which recorded normal values. Though
EEG showed diffuse, low-amplitude, irregular alpha-beta activity, with frequent enclosure of
high-amplitude alpha-theta groups and delta-waves with the highest amplitude in the frontal
regions exclusively, phenytoin (1000mg/d) was added. Phenytoin was chosen since low
serum sodium levels did not allow a further increase of the carbamazepine dosage. During
the following days serum sodium normalised under continuous sodium substitution. On hd13
Phenytoin was discontinued and CBZ increased to 900mg/d. On hd15 a causal relation
between hyponatraemia and cerebral edema was suspected and CBZ replaced by
levetiracetam. Cerebral MRI showed subdural hematoma in the right parietal region and
contusional lesions in the temporal and frontal regions bilaterally (Fig. 3). No further
hyponatraemia or seizures occurred, and she was be successfully extubated on hd22.
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Fig. 3. Cerebral MRI on hd15 showing subdural hematoma in the right parietal region
and contusional lesions in the temporal and frontal regions bilaterally
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3. DISCUSSION

The presented case is interesting for the development of hyponatraemia under CBZ and
consecutive development of cerebral edema during recovery from severe TBl. Whether
sudden deterioration of the patient’s condition on hd10 is attributable to hyponatraemia
alone, to an unwittnessed seizure, or deterioration of TBI, remains speculative, but most
likely, hyponatraemia was the sole culprit. Hyponatraemia alone could explain cerebral
edema, and her complaints after extubation on hd7. Arguments against a seizure as the
explanation for the coma are that there was no tongue bite, no secessus, and absence of
paroxysmal activity on EEG. Arguments against a relapse of the TBI are that she has not
fallen out of the bed and that cerebral CT did not show ischemia, bleeding, or dislocation of
the previously described skull fractures or trepanation.

The cause of hyponatraemia in the presented patient remains speculative but most likely it
was due to a side-effect of CBZ. A syndrome of inadequate SDH secretion was excluded as
causative, since resolution of hyponatraemia was quickly achieved. There was no history of
diarrhoea, vomiting, extreme sweating, metabolic disturbance, or endocrine abnormality prior
to TBI and she had not taken drugs in addition to CBZ, which could explain hyponatraemia.
Nutrition on the intensive care unit was equalised for sodium but it is possible that sodium
intake was too low during the three days between first extubation and second intubation.
Hyponatraemia from CBZ may occur already in the first days of administration. The higher
the dosage the earlier hyponatraemia may occur.” Hyponatraemia may manifest as
inappetance, nausea or vomiting, irritability, excessive tiredness, confusion, hallucinations,
muscle weakness, or muscle cramps. Possible mechanisms of hyponatraemia due to CBZ
include syndrome of inadequate SDH secretion, altered sensitivity to serum osmolality by
hypothalamic osmoreceptors, or increased sensitivity of the renal tubules to circulating ADH.
Because of the causative relation between hyponatraemia and CBZ, sodium levels need to
be closely monitored, as soon as CBZ has been started, particularly in TBI patients. In case
hyponatraemia occurs, substitution of sodium needs to be slow and only physiologic saline
should be used [8]. Substitution should be slow and hypertonic saline should be strictly
avoided not to worsen the problem. Side effects of CBZ other than hyponatraemia include
anemia, thrombopenia, bruising or bleeding, hallucinations, depression, suicidal thoughts or
behaviour, increased rate of infections, water retention, blood pressure dysregulation,
arrhythmias, jaundice, kidney damage, or allergic reactions. PTE may occur in the acute
stage (<8d) of a TBI or years later [6]. The mechanism by which PTE develops is unknown
but the presence of a cerebral lesion seems to be a prerequisite for the genesis of epileptic
activity [6]. Treatment of PTE is under debate but previous studies have shown that
phenytoin [5] VPA, [2,5,9] or CBZ [5,10] are regarded effective for secondary prophylaxis of
PTE. Alternatives for secondary prophylaxis of PTE include levetiracetame [11,12] and
lamotrigine, alone or in combination with levetiracetame [13]. However, there are also
reports, which did not show any of the AEDs to be effective for secondary prophylaxis of
PTE [14] or studies which showed effectivity of secondary AED prophylaxis only for early but
not for late PTE [15]. An invasive therapeutic approach for PTE is PET-guided stereotactic
radiosurgery [16].

Concerning the question of primary prophylaxis of PTE, it is still under debate if TBI patients
should receive AEDs at all and in case they should receive AEDs, which agents are the most
appropriate. According to the Guidelines of the American Society of Neurosurgery, patients
with TBI should receive primary AED prophylaxis with phenytoin Chang and Lowenstein [17]
according to the American Brain-trauma Foundation, TBI patients should receive phenytoin
or CBZ [18,19]. Other AEDs recommended for primary prophylaxis of PTE were topiramate
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[20] or lamotrigine [13]. According to the Brain Injury Special Interest Group of the American
Academy of Physical Medicine and Rehabilitation, no primary AED prophylaxis of PTE is
indicated in TBI patients at all [21].

4. CONCLUSION

This case shows that treatment of early PTE with CBZ may result in severe hyponatraemia
causing cerebral edema and deterioration of pre-existing TBIl. Replacement of CBZ by
levetiracetame resolves side effects of CBZ. CBZ should be used with caution for secondary
prophylaxis of PTE in TBI.
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