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Introduction: Hyperammonemic encephalopathy (HAE) is a serious adverse effect

of valproate semisodium, which is facilitated by the potential for drug interaction.

However, despite frequent co-prescription of valproate semisodium and lithium, the role

of this combination in the occurrence of HAE has not been defined in the literature.

This case report concerns the occurrence of HAE concomitant with the initiation of

lithium in a 29-year-old patient who had been placed on valproate semisodium for a

schizoaffective disorder.

Case Report: Due to a relapse while on a combined antipsychotic and mood-stabilizing

therapy (paliperidone palmitate and valproate semisodium), a cross-taper from valproate

semisodium to lithium was proposed. The initiation of lithium was accompanied by an

acute confusional syndrome, an elevated serum valproate level and hyperammonemia

suggestive of drug-induced HAE. The discontinuation of lithium and reduction of

valproate semisodium led to neurological improvement, until a recrudescence of

psychiatric symptoms justified a rechallenge of the combination within the framework of a

new cross-taper. As soon as Lithium was re-initiated, an increase in the serum valproate

level and hyperammonemia were again noted.

Discussion: The mechanisms of valproate-related HAE involve various metabolic

pathways. In this case, exploration of the iatrogenic hypothesis focused on the

imputability of concomitant cannabis use and co-prescriptions of benzodiazepines,

antipsychotics, and in all likelihood, mood stabilizers.

Conclusion: Therefore, this case study suggests that Lithium plays a role in serum

valproate level elevation, and supports the hypothesis of an association between an

elevated serum valproate level, hyperammonemia and reversible encephalopathy. A

more in-depth pharmacokinetic exploration would provide a better understanding of the

mechanisms of these interactions and support for the benefit-risk balance associated

with this frequent co-prescription.
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INTRODUCTION

Valproic acid—marketed as valproate or valproate semisodium—
is a non-barbiturate anticonvulsant drug and a GABAergic mood
stabilizer. It is indicated in neurology for the management
of focal or generalized epilepsy (1) and in psychiatry for
the management of manic and mixed episodes in bipolar
disorder, commonly employed in the course of combination
treatments (2–5). In the valproate semisodium adverse effects
(AE) profile, encephalopathy is described as “rare” (0.1–1%),
generally transient and which regresses on discontinuation
of treatment or dose reduction, but which could also lead
to serious complications requiring intensive (hemodialysis)
and/or resuscitative management (6, 7). While the mechanisms
underlying the occurrence of these AEs is still not perfectly
understood, many cases of hyperammonemic encephalopathy
(HAE) have been reported in the literature (8, 9) through which
various risk factors can be identified. One such risk factor is
the combination of several drugs which could contribute to this
AE by drug interaction (10). To date, none of these articles
have mentioned the risk of iatrogenic HAE specifically associated
with the co-prescription of lithium and valproate semisodium.
However, this combination of drugs is common (11). Therefore,
this case report concerns the concomitant occurrence of HAE
with the initiation of lithium in a 29-year-old patient with
schizoaffective disorder treated with valproate semisodium who
was hospitalized for acute manic relapse with mood-incongruent
psychotic features.

CASE REPORT

Case History
Somatically, the patient had no significant medical or surgical
history, and in particular no documented drug allergy or AE. He
had grade 1 obesity (99 kg, 180 cm, BMI: 30.56), was an active
smoker, and had a history of addiction (cannabis) from which he
had been abstinent for several years.

Psychiatrically, the patient had a history of schizoaffective
disorder diagnosed at the age of 19 (illness duration of 10
years) according to DSM5 criteria (12), in combination with
antisocial personality disorder and substance use disorder. Illness
recurrences came in the form of acute manic psychosis, which
were often triggered by a discontinuation of treatment and
required multiple psychiatric hospitalizations (5 within the past
2 years), the most recent of which were by involuntary care.

Therapeutically, the initiation of long-acting injectables (LAI)
in the form of Risperidone extended-release (ER) (50mg/14 days)
first of all ensured an initial period of clinical stability. However,
2 years before the onset of the current episode, a decompensation
while on a single antipsychotic agent had motivated the initiation
of a mood stabilizer (Valproate semisodium, 2,000 mg/d, with
serum valproate concentration of 62mg/L, within the therapeutic
range of 41–100 mg/L) combined with antipsychotic treatment
with paliperidone ER (100 mg/28 d). This dual therapy was
then replaced by a combination of valproate semisodium (2,000
mg/day) and Risperidone (4 mg/d) in a context of absenteeism
from outpatient follow-up. Six months prior to the onset of

the current episode, dual therapy with valproate semisodium
(2,000 mg/d) + paliperidone ER (100 mg/28 d) was re-initiated,
with a well-tolerated dosage increase (to 2,500 mg/d and 150
mg/28 d, respectively, accompanied by an elevation in serum
valproate levels from 67 mg/L before to 97 mg/L after drug
dosage increase) without any further adjustment in the 4 months
preceding this episode.

Current Episode
After a short period of clinical stability however, a further
interruption of both outpatient follow-up and drug treatment
was accompanied by an increase in both manic (elated mood
and psychomotor agitation) and psychotic symptoms (delusions
of grandeur and persecution) leading to behavioral disturbances
and hetero-aggressive threats against his neighbors. After police
intervention, the patient was transported to the psychiatric
emergency services for medical assessment, and hospitalized
without consent in a psychiatric care unit, where further
examinations were performed.

During Hospitalization
Due to a relapse with a serum valproate level suggestive of
drug non-compliance on admission (serological concentrations
of valproate measured at 23 mg/l on admission, below the
therapeutic range), the drug was re-prescribed at the usual
doses and supplemented with diazepam, a benzodiazepine
drug, and levomepromazine, a phenothiazine antipsychotic
with tranquilizer properties. When clinical deterioration (acute
manic psychosis with grandiose delusions and psychomotor
agitation) again occurred under effective treatment [i.e., despite
a serum valproate level within the therapeutic range (91 mg/l)],
a change in mood stabilizer was proposed in an overlap-
and-taper strategy, after pre-therapeutic assessment (with no
outstanding features). Considering that the patient had many
illness recurrences of manic polarity with psychotic symptoms,
as well as a high metabolic syndrome risk valproate was replaced
with lithium as mood stabilizer, which was initiated (day 0)
at 400 mg/d. However, after the third administration of slow-
release lithium salt, signs of fluctuating temporal disorientation
signaled the onset of an acute confusional syndrome (d3). An
iatrogenic etiology was immediately suspected, which led to the
discontinuation of lithium the same day (d3) and the confusional
syndrome was etiologically assessed.

Diagnostic Assessment and Etiological
Approach
Clinically, the patient presented with psychomotor retardation,
disorders of alertness and global cognitive impairment [Mini-
Mental State Examination (MMSE) score of 15/30 (13); Frontal
Assessment Battery (FAB) score of 3/18 (14)] with no clinical
signs on general or neurological examination). Biological
examinations (complete blood count, electrolytes, liver, kidney,
thyroid, coagulation and vitamin workup) revealed no significant
abnormality (day 3). The brain computed tomography (CT) scan
(day 5) showed nothing abnormal. The electroencephalogram
(EEG) (d5) showed no seizure activity but presented a pattern
indicating encephalopathy (fluctuating and slowing background
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activity with theta/alpha and delta waves, predominant in
the posterior regions, reactive to verbal stimulation and with
the change to eyes-open). Pharmacologically, serum lithium
level measured 24 h after the third intake (day 3) showed
subtherapeutic doses (undetectable <0.05 mmol/l; N: 0.8–1.2
mEq/l), whereas the serum valproate level was consistent with
an overdose (130 mg/l) and was accompanied by a threefold
elevation in serum ammonia level (182 µmol/l; N: 16–60).
In addition, the blood toxicology screen showed cannabis
use (THC-COOH: 16.9 ng/l) but did not suggest associated
substance use.

Diagnosis
The diagnosis of drug-induced hyperammonemic
encephalopathy (HAE) was therefore proposed, and the
valproate semisodium dose was decreased under clinical
supervision (2,000 mg/d on day 4, 1,500 mg/d on day 6). The
neurologist recommended no other urgent course of action.

Course of the Condition
Dose reduction resulted in rapid neurological improvement, both
clinically and on the electroencephalogram [check on day 7, i.e.,
3 days (steady-state) after the first valproate semisodium dose
reduction], associated with normalization of serum valproate
(79 mg/l on day 7; 5 mg/l on day 10) and serum ammonia
(66 µmol/l on day 7; 32 µmol/l on day 10) levels. However,
regression of the encephalopathic condition quickly gave way
to the reappearance of psychiatric symptoms due to the lack
of effective treatment, which justified a re-increase in valproate
semisodium dosage (2,500 mg/d on day 12, 5 days after the
regression of the neurological disorders) and a monthly injection
of paliperidone, which once again stabilized the patient without
any clinical or biological adverse effect observed in 1 month
(serum valproate level: 61 mg/l and serum ammonia level: 27
µmol/l on day 38, on valproate semisodium 2,500 mg/d).

Rechallenge
After requesting an opinion from a pharmacology specialist—
and in the absence of documentation in the literature regarding
the possibility that lithium may have contributed to the picture
presented, a change in mood stabilizer was again considered at
day 46 (day 0’) according to the same modalities. lithium was
initiated at 400 mg/d, valproate semisodium was progressively
decreased (2,000 mg/d on day 0’, 1,500 mg/d on day 3’ [...]
discontinuation on day 12’) and the patient was reassessed daily.
No clinical adverse effects were reported. However, biologically,
the results of the test done on day 6’ showed an infratherapeutic
serum lithium level (0.26 mEq/l with 400 mg/d of lithium) and a
6% increase in serum valproate level compared to the test done
2 weeks earlier (89 mg/l on day 6’ compared to 61 mg/l on day
38), despite a 40% decrease in the valproate semisodium dose
administered since the last test (1,500 mg/d on day 6’ compared
to 2,500 mg/d on day 38). In addition, this elevated serum
valproate level was again associated with hyperammonemia (90
mg/l), with no proven consumption of toxic substances (negative
urine toxicology screen).

In Brief
The first administration of lithium salts was temporally related
to an elevation of valproate serum levels, which was in turn
associated with hyperammonemia and signs and symptoms of
encephalopathy, which resolved after lithium discontinuation
and progressive reduction of valproate semisodium dosage. The
rechallenge of the combination long after the first episode
then enabled a more objective examination of another
increase in the serum valproate level, with more moderate
hyperammonemia (without encephalopathy or associated
clinical signs), concomitant with the re-initiation of lithium,
despite a progressive decrease in the doses of valproate
semisodium administered (Figure 1).

DISCUSSION

Several hypotheses have been put forward in the literature
regarding the mechanisms of valproate-related HAE (15, 16).
Valproate-related HA appears to be the result of a disturbance in
the ammonia production/elimination balance, involving various
metabolic pathways. In fact, in the liver, blockage of the urea cycle
by the active valproate semisodium metabolites (valproyl-CoA)
might be the source of an elimination defect of ammonia in the
water-soluble form. To a lesser extent, in the kidneys, valproate
semisodiummight induce an increase inmitochondrial transport
of glutamine and might stimulate the production of ammonia
during the transformation of glutamine into glutamate (6, 17).

In addition to these inhibition mechanisms (N-
acetylglutamate synthase) and enzyme induction (glutaminase),
the effects of valproate semisodium on the metabolic pathways
might also be related, one the one hand, to the production
of neurotoxic derivatives of the drug [2-ene-valproate, from
β-oxidation (18)] (19) and, one the other hand, to the spatial
configuration of valproate semisodium which is similar to that of
fatty acids (FAs). Because of this similarity, valproate semisodium
and FAs might compete during transport (linked to carnitine),
mitochondrial metabolization (competition with a β-oxidation
enzyme and metabolic deviation of FAs toward an ω-oxidation
pathway with an accumulation of hepatotoxic derivatives) and
urinary elimination (minority: 0.1%) as valproyl-carnitine (6).

Therefore, a pre-existing carnitine deficiency (undernutrition,
dialysis) could contribute to an elevated serum valproate level
which is then maintained by the effects of valproate semisodium
itself (6, 20). Consequently, L-carnitine supplementation has
been suggested in case of HAE, and has shown an effect on the
speed of serum ammonia normalization (not correlated to the
severity of encephalopathy) but without proving its effectiveness
on clinical outcomes (20, 21).

In addition to the neurotoxicity of valproate semisodium
metabolites, valproate-induced HA could also be responsible for
an alteration in astrocyte glutamatergic metabolism which causes
cerebral edema and an increase in sensitivity to oxidative stress
which is likely to contribute to the occurrence of encephalopathy
(15, 18, 22).

Nevertheless, there is no systematic deterministic correlation
between valproate semisodium, HA and encephalopathy. Not
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FIGURE 1 | Management summary: therapeutic strategy, clinical course and diagnostic tests. EEG, electroencephalogram; ER, extended release; NA, not

administered; N, normal values →; CT, computed tomography (brain) scan; T. , abnormal; ?, normal, within normal limits; ↑, elevated value, within normal limits; ↑↑,

elevated value, above normal or supratherapeutic; ↓, decreased value, within normal limits; ↓↓, decreased value, below normal or subtherapeutic; l: discontinued; →

Normal values: serum lithium level: N = (0.84–1.2) mg/l; serum valproate level: N = (41–100) mEg/l; serum ammonia level: N = (16–60) µmol/l.

all reported cases of valproate-related encephalopathy are
accompanied by HA (16, 23) and almost half (16–52%) of the
patients on valproate semisodium could have asymptomatic HA
(i.e. without the occurrence of HE) (15, 23) that might not require
therapeutic adjustment. Among the risk factors identified, age (0–
2 years), impaired renal or hepatic function, carnitine deficiency,
urea cycle disorders (including ornithine transcarbamylase
deficiency), and combination therapy [particularly antiepileptic
drugs (24)] appear to be associated with valproate-related HAE
(10). However, no association was found between the occurrence
of these AEs and the duration of treatment, the history of
valproate semisodium use, the dose administered, or the serum
valproate level [no dose effect (15, 23)] (10).

Therefore, if previous treatment attempts or the duration of
current treatment were not protective factors for this patient
regarding urea cycle, in principle, he had none of the above-
mentioned clinical risk factors either. In hindsight, however,
this study lacks information on the biological features that
could have altered the metabolic pathways. Genetic testing for
polymorphisms for the cytochrome P450 or other genes involved
in mitochondrial disease leading to hyperammonemia or deficit
of urea cycle has not be performed, and the presence of any
urea cycle defects was not systematically assessed (plasma amino
acid dosages, as well as urinary levels of orotate regarding OTC
deficiency). Yet, it should be noted that serum carnitine level
was not measured, but that clinical and biological improvement
was rapidly observed after therapeutic adjustment without
L-carnitine supplementation. Consequently, other parameters
could have contributed to the development of HAE several years
after the initiation of valproate semisodium, several months after
the last adjustment in the treatment dose, and 3 days after
combination with a mood stabilizer in a patient who also receives
antipsychotics and benzodiazepines, associated with a recent
unusual consumption of toxic substance (isolated cannabis use).

Cannabis
Pharmacokinetic studies conducted on the therapeutic form
of cannabis [cannabidiol—indicated in the management of
symptoms related to refractory spasticity in multiple sclerosis
and in syndromic seizures in children (25)] have shown a risk
of hepatocyte damage with elevated transaminases (not found in
the patient) during concomitant use of cannabidiol and valproate
semisodium, as well as an inhibitory effect on certain isoforms
of uridine-5’-diphospho-glucuronosyltransferases (UGT) and
cytochromes P450 (CYP). This interaction involved in particular
UGT1A6, 1A9, and 2B7 [the major valproate semisodium
metabolism pathway by glucuronidation (40%) (26)] and to
a lesser extent CYP2B6, 2C9, and 2C19 [also involved in
valproate semisodiummetabolism (27)] with an associated risk of
increased serum levels of drugs metabolized by these isoenzymes.
Therefore, cannabis use at the time of the first therapeutic
switch could probably have contributed to an increase in serum
valproate level by enzymatic inhibition [or even competition for
UGT 1A9 and 2B7 (25)]. However, it would be difficult to explain
the elevated serum valproate level observed during the second
switch by this mechanism, considering that the patient was no
longer using cannabis during this period.

Adjunctive Medicines
Although it has been suggested that “endogenous
benzodiazepines” (the γ-aminobutyric acid pathway) contribute
to the occurrence of hepatic encephalopathy (28), the role
of concomitant use of benzodiazepines in the occurrence of
valproate-related HAE (beyond an additional confusional effect)
does not appear to be based on any tangible evidence (22). In
addition, in this case, the doses of diazepam re-initiated on
admission (20 mg/d) were being reduced at the time of onset
of the symptoms (5 mg/d at the time of the first switch, 3 mg/d
at the time of the rechallenge). Similarly, if the concomitant
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administration of antipsychotics is to be taken into account in
the occurrence of valproate semisodium-related AEs, a particular
concern is the risk of extrapyramidal syndromes (29, 30) which
do not justify special systematic precautions when antipsychotics
are co-prescribed (2). For the patient, monthly injections of
paliperidone were administered 18 days before the first switch,
and 6 days before the second, with no documented signs of
intolerance, and the dose of levomepromazine administered on
admission (identical at the time of the rechallenge: 300 mg/d)
(day 46) had been reduced by a factor of 6 before the first switch
(55 mg/d) without preventing the occurrence of HAE.

Lithium
In order to maximize tolerability and reduce the occurrence
of side effects when initiating de novo lithium therapy, current
guidelines suggest that lithium should be administered in small
divided doses, and that the dose should be titrated gradually
(31–33). For this purpose, and due to the narrow therapeutic
index of lithium, the mood stabilizer was initiated (D0 and
D0’) at 400 mg/d and no dose increase was carried out before
the onset of symptoms that led to an anticipated measurement
of serum drug levels (undetectable levels on D3) or before
the routine therapeutic drug monitoring that was performed
in an asymptomatic patient (infratherapeutic levels on D6’).
Thus, despite the apparent temporal concordance between
the initiation of lithium and the onset of HAE, neither the
semiological and biological profile (isolated hyperammonemia)
of the encephalopathy, nor the onset of symptoms on day 3 of
initiation [given the half-life of the drug (34) and undetectable
blood levels on D3] supported the hypothesis of lithium-induced
encephalopathy, which was less likely in this context than a
hypothesis of valproate-induced encephalopathy. However, the
appearance of symptoms 3 days after the initiation of lithium and
their resolution 5 days after it was discontinued (associated with
the dosage reduction of valproate semisodium), in addition to a
direct relationship, suggests the possibility ofmediation by thium
in the occurrence of valproate-related HAE.

Valproate Semisodium + Lithium
Combination
The causality criteria in pharmacovigilance (35) find an intrinsic
imputability of level I5, “very likely” (combining a chronological
score of C3 “very likely” with a semiological score of S2 “likely”),
and an extrinsic imputability rated B2 in the context of an
adverse effect “not recognized in standard publications.” In
fact, despite frequent co-prescription of these two drugs (11),
there is little data available on the co-prescription of valproate
semisodium and lithium. To our knowledge, a specific search
for a drug interaction when lithium and valproate semisodium
are combined has only been the focus in one pharmacokinetic
study (a prospective controlled crossover study against placebo)
which showed no change in serum lithium level, but a “slight”
increase in the serum valproate level (minimum and maximum
concentrations and area under the plasma concentration-time
curve) with a dual mood-stabilizing drug therapy (36). However,
the AE profile was not noted to be altered in this study and the
AEs documented since then appear to be more related to the

cumulative toxicities of each drug than to an underlying drug
interaction (37).

Considerations on the Association
Although this case raises the question of a pharmacokinetic
interaction, the practice of prescribing lithium salts in
combination with valproic acid is a common therapeutic
strategy, which has interested several studies among bipolar I
patients. Indeed, despite a possible increase in reported adverse
events (including gastrointestinal distress, tremor, cognitive
impairment, and alopecia), the authors of a literature review
acknowledged that their imputability to the association rather
than to one of the two molecules was not established, and that
the co-administration of lithium plus valproate had generally
produced favorable results, with particular benefit in patients
with manic, mixed, and rapid-cycling features (38). More
recently, a naturalistic study concluded that bipolar I patients
on lithium plus valproate showed greater improvement in
mixed, anxiety, and psychotic symptoms than those on lithium
monotherapy and even suggested that a serum lithium level albeit
below the reference range seemed sufficient to maintain clinical
efficacy when associated with valproate (39). In the same way, a
multicentric study that focused on relapse prevention in bipolar
I patients showed in turn a superiority of combination therapy
over valproate monotherapy, with no difference regarding
adverse events and tolerability between the treatment groups
(11). Thus, it seems relevant to emphasize that co-prescription of
lithium and valproate is supported by evidence of clinical efficacy
(acute treatment and relapse prevention) as well as safety.

CONCLUSION

This case study raises the question of a possible drug interaction
between lithium and valproate, based on the observation of
an increase in serum levels of valproate when co-prescribed
with lithium, effects being notable as of the initiation of the
mood stabilizer (below the therapeutic thresholds) with robust
results on rechallenge of the dual therapy. At the same time,
these observations support the hypothesis of an association
between serum valproate level elevation, hyperammonemia and
reversible encephalopathy in a patient with no documented
history of valproate semisodium intolerance. Therefore, given
the frequency of the combination in everyday psychiatric
practice and the potential seriousness of the adverse effects
reported, a more in-depth pharmacokinetic exploration would
provide a better understanding of the mechanisms underlying
these interactions, as well as enable specification of the risk
factors associated with their occurrence and provide support
for the benefit-risk balance associated with the prescription of
these drugs.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author/s.

Frontiers in Psychiatry | www.frontiersin.org 5 May 2022 | Volume 13 | Article 875636

https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Levy et al. Valproate-Related Hyperammonemic Encephalopathy

ETHICS STATEMENT

Written informed consent was obtained from the individual(s)
for the publication of any potentially identifiable images or data
included in this article.

AUTHOR CONTRIBUTIONS

AL: writing. EV, FM, AJ, and PB: revising. LR: revising and
teaching. All authors contributed to the article and approved the
submitted version.

REFERENCES

1. ANSM. Résumé des Caractéristiques du Produit - DEPAKINE CHRONO

500mg, Comprimé Pelliculé Sécable à Libération Prolongée - Base de Données

Publique des Médicaments. Available online at: http://agence-prd.ansm.sante.
fr/php/ecodex/rcp/R0200190.htm (accessed Décember 11, 2020).

2. ANSM. Résumé des Caractéristiques du Produit - DEPAKOTE 500mg,

Comprimé Gastro-Résistant - Base de Données Publique des Médicaments.
Available online at: http://base-donnees-publique.medicaments.gouv.fr/
affichageDoc.php?specid=60797287&typedoc=R (accessed Décember 6,
2020).

3. Yatham LN, Kennedy SH, Parikh SV, Schaffer A, Bond DJ, Frey BN, et al.
Canadian Network for Mood and Anxiety Treatments (CANMAT) and
International Society for Bipolar Disorders (ISBD) 2018 guidelines for the
management of patients with bipolar disorder. Bipolar Disord. (2018) 20:97–
170. doi: 10.1111/bdi.12609

4. Stahl SM. Stahl’s Essential Psychopharmacology: Neuroscientific Basis and

Practical Applications. 4th ed. New York, NY: Cambridge University
Press (2013).

5. Nivoli AMA, Murru A, Goikolea JM, Crespo JM, Montes JM, González-Pinto
A, et al. New treatment guidelines for acute bipolar mania: a critical review. J
Affect Disord. (2012) 140:125–41. doi: 10.1016/j.jad.2011.10.015

6. Bedry R, Parrot F. Intoxications graves par l’acide valproïque. Réanimation.

(2004) 13:324–33. doi: 10.1016/j.reaurg.2004.03.014
7. Chauhan VS, Dixit S, Goyal S, Azad S. Valproate induced hyperammonemic

encephalopathy treated by haemodialysis. Ind Psychiatry J. (2017) 26:99–102.
doi: 10.4103/ipj.ipj_37_16

8. Mitschek MMM, Vanicek T, Unterholzner J, Kraus C, Weidenauer A,
Naderi-Heiden A, et al. How to prevent and manage hyperammonemic
encephalopathies in valproate therapy. J Affect Disord Rep. (2021) 5:100186.
doi: 10.1016/j.jadr.2021.100186

9. Baumgartner J, Hoeflich A, Hinterbuchinger B, Fellinger M, Graf
I, Friedrich F, et al. Fulminant onset of valproate-associated
hyperammonemic encephalopathy. Am J Psychiatry. (2019) 176:900–3.
doi: 10.1176/appi.ajp.2019.18040363

10. Chopra A, Kolla BP, Mansukhani MP, Netzel P, Frye MA. Valproate-
induced hyperammonemic encephalopathy: an update on risk factors,
clinical correlates and management. Gen Hosp Psychiatry. (2012) 34:290–8.
doi: 10.1016/j.genhosppsych.2011.12.009

11. Rendell J, Goodwin GM, Azorin J-M, Cipriani A, Ostacher MJ, Morriss
R, et al. Lithium plus valproate combination therapy versus monotherapy
for relapse prevention in bipolar I disorder (BALANCE): a randomised
open-label trial. Lancet. (2010) 375:385–95. doi: 10.1016/S0140-6736(09)61
828-6

12. American Psychiatric Association, American Psychiatric Association, éditors.
Diagnostic and Statistical Manual of Mental Disorders: DSM-5. 5th ed.
Washington, DC: American Psychiatric Association (2013).

13. Folstein MF, Folstein SE, McHugh PR. ”Mini-mental state“. A practical
method for grading the cognitive state of patients for the clinician. J Psychiatr
Res. (1975) 12:189–98. doi: 10.1016/0022-3956(75)90026-6

14. Dubois B, Slachevsky A, Litvan I, Pillon B. The FAB: a frontal
assessment battery at bedside. Neurology. (2000) 55:1621–6.
doi: 10.1212/WNL.55.11.1621

15. Verrotti A, Trotta D, Morgese G, Chiarelli F. Valproate-induced
hyperammonemic encephalopathy. Metab Brain Dis. (2002) 17:367–73.
doi: 10.1023/A:1021918104127

16. Segura-Bruna N, Rodriguez-Campello A, Puente V, Roquer J. Valproate-
induced hyperammonemic encephalopathy.Acta Neurol Scand. (2006) 114:1–
7. doi: 10.1111/j.1600-0404.2006.00655.x

17. Aires CCP, van Cruchten A, IJlst L, de Almeida IT, Duran M, Wanders
RJA, et al. New insights on the mechanisms of valproate-induced
hyperammonemia: inhibition of hepatic N-acetylglutamate synthase activity
by valproyl-CoA. J Hepatol. (2011) 55:426–34. doi: 10.1016/j.jhep.2010.11.031

18. Dupuis RE, Lichtman SN, Pollack GM. Acute valproic acid overdose. Drug
Saf. (1990) 5:65–71. doi: 10.2165/00002018-199005010-00006

19. Sztajnkrycer MD. Valproic acid toxicity: overview and management. J Toxicol
Clin Toxicol. (2002) 40:789–801. doi: 10.1081/CLT-120014645

20. Lheureux PER, Hantson P. Carnitine in the treatment of
valproic acid-induced toxicity. Clin Toxicol. (2009) 47:101–11.
doi: 10.1080/15563650902752376

21. Brown LM, Cupples N, Moore TA. Levocarnitine for valproate-induced
hyperammonemia in the psychiatric setting: a case series and literature review.
Ment Health Clin. (2018) 8:148–54. doi: 10.9740/mhc.2018.05.148

22. Wolfhugel E, Michel B, Javelot H, Roser M, Kobayashi H. À propos d’un cas
d’encéphalopathie hyperammoniémique. Rôle possible de l’acide valproïque.
Le Pharm Hosp Clin. (2016) 51, 59–62. doi: 10.1016/j.phclin.2015.08.006

23. Marescaux Ch, Warter JM, Laroye M, Rumbach L, Micheletti G, Koehl
C, et al. Le valproate de sodium: une drogue hyperammonemiante: étude
chez l’épileptique et chez le volontaire sain. J Neurol Sci. (1983) 58:195–209.
doi: 10.1016/0022-510X(83)90217-4

24. Yamamoto Y, Takahashi Y, Suzuki E, Mishima N, Inoue K, Itoh
K, et al. Risk factors for hyperammonemia associated with valproic
acid therapy in adult epilepsy patients. Epilepsy Res. (2012) 101:202–9.
doi: 10.1016/j.eplepsyres.2012.04.001

25. EMA. Epidyolex. European Medicines Agency (2019). https://www.ema.
europa.eu/en/medicines/human/EPAR/epidyolex (accessed Décember 11,
2020).

26. DEPAKOTE 500mg cp Gastrorésis. VIDAL. https://www.vidal.fr/https://www.
vidal.fr/ (accessed Décember 11, 2020).

27. Zhu M-M, Li H-L, Shi L-H, Chen X-P, Luo J, Zhang Z-L. The
pharmacogenomics of valproic acid. J Hum Genet. (2017) 62:1009–14.
doi: 10.1038/jhg.2017.91

28. Albrecht J, Jones EA. Hepatic encephalopathy: molecular mechanisms
underlying the clinical syndrome. J Neurol Sci. (1999) 170:138–46.
doi: 10.1016/S0022-510X(99)00169-0

29. Nanau RM, Neuman MG. Adverse drug reactions induced by valproic acid.
Clin Biochem. (2013) 46:1323–38. doi: 10.1016/j.clinbiochem.2013.06.012

30. Bondon-Guitton E, Perez-Lloret S, Bagheri H, Brefel C, Rascol O, Montastruc
J-L. Drug-induced parkinsonism: a review of 17 years’ experience in a
regional pharmacovigilance center in France.Mov Disord. (2011) 26:2226–31.
doi: 10.1002/mds.23828

31. Malhi GS, Tanious M, Gershon S. The lithiumeter: a measured approach.
Bipolar Disord. (2011) 13:219–26. doi: 10.1111/j.1399-5618.2011.00918.x

32. Malhi GS, Gershon S, Outhred T. Lithiumeter: version 2.0. Bipolar Disord.
(2016) 18:631–41. doi: 10.1111/bdi.12455

33. Malhi GS, Tanious M, Das P, Berk M. The science and practice
of lithium therapy. Aust N Z J Psychiatry. (2012) 46:192–211.
doi: 10.1177/0004867412437346

34. ANSM. Résumé des Caractéristiques du Produit - TERALITHE LP 400mg,

Comprimé Sécable à Libération Prolongée - Base de Données Publique

des Médicaments. Available online at: http://agence-prd.ansm.sante.fr/php/
ecodex/rcp/R0121511.htm (accessed Décember 11, 2020).

35. Bégaud B, Evreux JC, Jouglard J, Lagier G. [Imputation of the unexpected or
toxic effects of drugs. Actualization of the method used in France]. Therapie.
(1985) 40:111–8.

36. Granneman GR, Schneck DW, Cavanaugh JH, Witt GF. Pharmacokinetic
interactions and side effects resulting from concomitant administration of
lithium and divalproex sodium. J Clin Psychiatry. (1996) 57:204–6.

Frontiers in Psychiatry | www.frontiersin.org 6 May 2022 | Volume 13 | Article 875636

http://agence-prd.ansm.sante.fr/php/ecodex/rcp/R0200190.htm
http://agence-prd.ansm.sante.fr/php/ecodex/rcp/R0200190.htm
http://base-donnees-publique.medicaments.gouv.fr/affichageDoc.php?specid=60797287&typedoc=R
http://base-donnees-publique.medicaments.gouv.fr/affichageDoc.php?specid=60797287&typedoc=R
https://doi.org/10.1111/bdi.12609
https://doi.org/10.1016/j.jad.2011.10.015
https://doi.org/10.1016/j.reaurg.2004.03.014
https://doi.org/10.4103/ipj.ipj_37_16
https://doi.org/10.1016/j.jadr.2021.100186
https://doi.org/10.1176/appi.ajp.2019.18040363
https://doi.org/10.1016/j.genhosppsych.2011.12.009
https://doi.org/10.1016/S0140-6736(09)61828-6
https://doi.org/10.1016/0022-3956(75)90026-6
https://doi.org/10.1212/WNL.55.11.1621
https://doi.org/10.1023/A:1021918104127
https://doi.org/10.1111/j.1600-0404.2006.00655.x
https://doi.org/10.1016/j.jhep.2010.11.031
https://doi.org/10.2165/00002018-199005010-00006
https://doi.org/10.1081/CLT-120014645
https://doi.org/10.1080/15563650902752376
https://doi.org/10.9740/mhc.2018.05.148
https://doi.org/10.1016/j.phclin.2015.08.006
https://doi.org/10.1016/0022-510X(83)90217-4
https://doi.org/10.1016/j.eplepsyres.2012.04.001
https://www.ema.europa.eu/en/medicines/human/EPAR/epidyolex
https://www.ema.europa.eu/en/medicines/human/EPAR/epidyolex
https://www.vidal.fr/https://www.vidal.fr/
https://www.vidal.fr/https://www.vidal.fr/
https://doi.org/10.1038/jhg.2017.91
https://doi.org/10.1016/S0022-510X(99)00169-0
https://doi.org/10.1016/j.clinbiochem.2013.06.012
https://doi.org/10.1002/mds.23828
https://doi.org/10.1111/j.1399-5618.2011.00918.x
https://doi.org/10.1111/bdi.12455
https://doi.org/10.1177/0004867412437346
http://agence-prd.ansm.sante.fr/php/ecodex/rcp/R0121511.htm
http://agence-prd.ansm.sante.fr/php/ecodex/rcp/R0121511.htm
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles


Levy et al. Valproate-Related Hyperammonemic Encephalopathy

37. Finley PR. Drug interactions with lithium: an update. Clin Pharmacokinet.

(2016) 55:925–41. doi: 10.1007/s40262-016-0370-y
38. Pies R. Combining lithium and anticonvulsants in bipolar disorder: a

review. Ann Clin Psychiatry. (2002) 14:223–32. doi: 10.3109/104012302091
47461

39. Muti M, Del Grande C, Musetti L, Marazziti D, Pergentini I, Corsi M, et al.
Prescribing patterns of lithium or lithium+valproate in manic or mixed
episodes: a naturalistic study. Int Clin Psychopharmacol. (2013) 28:305–11.
doi: 10.1097/YIC.0b013e3283642348

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Levy, Very, Montastruc, Birmes, Jullien and Richaud. This is an

open-access article distributed under the terms of the Creative Commons Attribution

License (CC BY). The use, distribution or reproduction in other forums is permitted,

provided the original author(s) and the copyright owner(s) are credited and that the

original publication in this journal is cited, in accordance with accepted academic

practice. No use, distribution or reproduction is permitted which does not comply

with these terms.

Frontiers in Psychiatry | www.frontiersin.org 7 May 2022 | Volume 13 | Article 875636

https://doi.org/10.1007/s40262-016-0370-y
https://doi.org/10.3109/10401230209147461
https://doi.org/10.1097/YIC.0b013e3283642348
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles

	Case Report: A Case of Valproic Acid-Induced Hyperammonemic Encephalopathy Associated With the Initiation of Lithium: A Re-duplicable Finding
	Introduction
	Case Report
	Case History
	Current Episode
	During Hospitalization
	Diagnostic Assessment and Etiological Approach
	Diagnosis
	Course of the Condition
	Rechallenge
	In Brief

	Discussion
	Cannabis
	Adjunctive Medicines
	Lithium
	Valproate Semisodium + Lithium Combination
	Considerations on the Association

	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	References


