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Letter to the Editor

Table 1. Older Adult Psychiatric Inpatients Grouped by 
Valproate Use

Variablea

Valproate 
Group
(n = 40)

Comparison 
Group

(n = 195) Analysis
Age, y 59 (15.0) 63 (16.0) U = 3,273; 

P = .109
Gender, n (%) χ2 = 2.33, df = 1, 

P = .127
Female 26 (65.0) 98 (50.3)

Race, n (%) χ2 = 0.00, df = 1, 
P = 1.00

White  22 (55.0) 103 (52.8)
Black  18 (45.0) 87 (44.6)
Other 0 (0) 5 (2.6)

Alcohol use disorder, 
n (%)

4 (10.0) 22 (11.3) χ2 = 0.00, df = 1, 
P = 1.00

Ammonia level 
(µmol/L)

40.5 (19.0) 30.0 (15) U = 2,323.5; 
P < .001

Hyperammonemia 
(≥ 35 µmol/L), n (%)

29 (72.5) 65 (33.3) χ2 = 19.6, df = 1, 
P < .001

AST (IU/L) 23.0 (7.5) 23.0 (9.0) U = 3,581.5; 
P = .415

ALT (IU/L) 17.5 (12.0) 19 (10) U = 3,576; 
P = .408

Valproate daily dose 
(mg)b

1,000 (875.0) Not applicable Not applicable

Valproate serum level  
(mg/L)c

52.5 (41.5) Not applicable Not applicable

aValues are presented as median (interquartile range) unless otherwise 
specified.

bN = 37.
cN = 26.
Abbreviations: ALT = alanine aminotransferase, AST = aspartate 

aminotransferase.

Valproate-Related Hyperammonemia in  
Older Adult Psychiatric Inpatients

To the Editor: Valproate is indicated for treatment of seizure 
disorders and mania in bipolar disorder and is prescribed off-label 
to treat impulsivity, aggression, irritability, and agitation in other 
disorders. Prescribing information for valproate includes warnings 
for hyperammonemic encephalopathy in individuals with urea 
cycle disorders and for hyperammonemia despite normal liver 
function tests. A cohort study of 123 valproate-treated psychiatric 
inpatients (mean age of 45.1 years) reported a valproate-related 
hyperammonemia rate of 51.2%.1 Neuropsychiatric manifestations 
of valproate-related hyperammonemia can include lethargy, 
tremor, ataxia, and mental status changes, although patients may 
be asymptomatic.1–3 In older adult patients, age-related metabolic 
changes and greater vulnerability of the aged brain may increase risk 
for mental status changes.

Published literature on valproate-related hyperammonemia in 
older adults is limited to case reports without comparison to patients 
not taking valproate.4 This study aimed to ascertain the clinical 
significance of valproate-related hyperammonemia in older adult 
psychiatric inpatients by determining (1) whether, in the absence of 
liver disease, valproate-related hyperammonemia is more frequent in 
older adult psychiatric inpatients taking valproate compared to those 
not taking valproate and (2) the frequency of clinically significant 
adverse effects of valproate-related hyperammonemia in older adult 
psychiatric inpatients.

Method. This retrospective chart review study, approved by the 
University of Maryland Institutional Review Board, examined the 
medical records of all admissions to the Older Adult Psychiatric 
Inpatient Unit at the University of Maryland Medical Center, 
Baltimore, Maryland, from October 2007 to April 2010. A total of 235 
patients met the following inclusion criteria: (1) age ≥ 50 years, (2) 
available routine admission screening levels of ammonia, aspartate 
aminotransferase (AST) and alanine aminotransferase (ALT), (3) 
AST and ALT levels less than twice the upper normal limits, and (4) 
no history of active liver disease. Hyperammonemia was defined as 
a plasma ammonia level ≥ 35 µmol/L.5

Patients were grouped by valproate status at admission. 
Continuous variables were analyzed by Mann-Whitney U test for 
grouped analyses and Spearman ρ for correlations. Categorical 
variables were analyzed by χ2 tests with continuity correction for 2 
group analyses. Analysis by race was limited to the 2 most populated 
categories. All tests were 2-tailed with statistical significance set as 
P ≤ .05 and performed using SPSS 21.0 (SPSS Inc, Chicago, Illinois).

Results. Median ammonia level and rate of hyperammonemia in 
patients taking valproate at admission were significantly greater than 
in patients not taking valproate at admission (Table 1). Otherwise, 
there were no significant differences between groups on variables 
assessed. In patients taking valproate, ammonia level correlated 
significantly with valproate dose (ρ = 0.337, n = 37, P = .042), but 
not with serum levels of valproate (ρ = −0.015, n = 26, P = .940), AST 
(ρ = 0.059, P = .718), or ALT (ρ = 0.181, P = .264). Diagnoses (DSM-
IV) of the 40 patients taking valproate were mood disorders (n = 18), 
schizoaffective disorder (n = 10), schizophrenia (n = 6), and dementia 
with behavioral disturbance (n = 6). The 29 patients with valproate-
related hyperammonemia were compared to the 11 patients taking 
valproate without hyperammonemia; the only variable demonstrating 
significant difference was valproate dose (U = 81, P = .033). Patients 
with hyperammonemia had a higher median valproate daily dose of 
1,000 mg compared to 750 mg in patients without hyperammonemia. 
Three of 29 patients with valproate-related hyperammonemia (mean 
ammonia level of 74 µmol/L) had clinically significant adverse 
effects—cognitive impairment in all 3 and tremors in one.

To our knowledge, this is the first study to examine the 
frequency of hyperammonemia in a sample of older adults taking 

valproate compared to those not taking valproate. Valproate use 
increased risk for hyperammonemia 2-fold (relative risk = 2.18, 
confidence interval = 1.65–2.86). Clinically significant adverse effects 
occurred in approximately 10% of patients with valproate-related 
hyperammonemia at ammonia levels around twice the upper normal 
limit. Clinicians should obtain ammonia levels when mental status 
changes arise in older adults taking valproate.
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