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CASE REPORT
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the manuscript. 
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INTRODUCTION 
Valproic acid (VPA) is an antiepileptic drug used for the 
treatment of various seizure types, psychiatric disorders, 
and migraines.1 It has a complex mechanism of action, 
most likely associated with potentiating the effect of 
γ-aminobutyric acid (GABA) in the central nervous system 
and thus inhibiting neuronal excitation.2,3 VPA has good 
oral bioavailability, is widely distributed in the body, and is 
highly protein bound (up to 90%), mainly to albumin.4,5 It 
is metabolized in the liver primarily through glucuronida-
tion and β-oxidation and should be used cautiously in those 
at risk of liver dysfunction.6 

Given its narrow reference range, wide intra- and 
inter-patient variability, and diverse toxicity profile, VPA is 
a prime candidate for therapeutic drug monitoring. Cur-
rent therapeutic drug monitoring practices involve measur-
ing total VPA levels in the serum, even though it is the free 
drug that exhibits pharmacologic effect. Because of its high 
protein binding, conditions that result in an acute decrease 
in albumin would thus shift the equilibrium to a higher free 
fraction of VPA, resulting in more drug being available to 
elicit effect and increasing the risk of toxicity. Furthermore, 
VPA toxicity has a range of presentations, making its clin-
ical diagnosis challenging.7-9 

This case report describes a unique presentation of VPA 
toxicity and emphasizes the importance of determining free 
VPA levels, especially in the setting of hypoalbuminemia. 

CASE REPORT
A patient in their late 40s was admitted to hospital from a 
long-term care facility with severe agitation and hypoten-
sion.* The patient had vague abdominal pain, decreased oral 
intake, and weight loss of about 4.5 kg over the course of a 
month. Two years before the current presentation, the patient 
had experienced a left middle cerebral artery ischemic stroke, 

which caused significant cognitive deficits and right-side 
hemiparesis. Shortly after the stroke, the patient had a first 
episode of an isolated tonic-clonic seizure, and VPA 500 mg 
orally, twice a day, was initiated. During the year preceding 
admission to hospital, the patient had been maintained on 
the same dose, with documentation of therapeutic total VPA 
level and normal albumin, and there was no documented 
recurrence of seizure activity or adverse effects. 

The patient’s past medical history was pertinent for 
celiac disease, thrombocytosis (baseline platelet count 500 
to 700 × 109/L), type 2 diabetes mellitus, and recurrent epi-
sodes of aspiration pneumonia; one of these episodes led to a 
hospital admission 3 months before the current presentation. 
The regimen of medications before admission was stable, with 
no drug–drug interactions noted. In addition to VPA, the 
pre-existing home medications were atorvastatin, apixaban, 
topiramate, gabapentin, pantoprazole, calcium, and vitamins. 

On admission, the patient had an albumin level of 
10 g/L (reference range 34–54 g/L), profound hypotension, 
and lactate of 4.7 mmol/L (reference range 0.5–1 mmol/L). 
Fluid resuscitation was accomplished with 7 L of IV crystal-
loids; in addition, 25% albumin was given by the IV route 
every 6 hours for 24 hours, and norepinephrine and vaso-
pressin were initiated. Piperacillin–tazobactam, vanco-
mycin, and hydrocortisone were initiated empirically for 
possible septic shock, and the patient was transferred to the 
intensive care unit (ICU) for ongoing management.  

The results of laboratory tests at the time of admission 
showed the following coagulation abnormalities: platelet 
count 185 × 109/L (reference range 150–400 × 109/L) and fib-
rinogen 0.7 g/L (reference range 2.0–4.0 g/L). Several elec-
trolyte derangements were also noted: potassium 3.1 mmol/L 
(reference range 3.5–5.1 mmol/L), sodium 125 mmol/L (ref-
erence range 135–145 mmol/L), magnesium 0.59 mmol/L 
(reference range 0.75–1.2 mmol/L), phosphate 0.67 mmol/L 
(reference range 0.8–1.45 mmol/L), and ionized calcium 
0.97 mmol/L (reference range 1.13–1.4 mmol/L). The electro-
lyte abnormalities were believed to reflect poor nutritional 
status. Measurement of total VPA serum trough concentra-
tion was ordered to rule out acute VPA toxicity; the level was 
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slightly subtherapeutic, at 341 µmol/L (reference range 350–
850 µmol/L), and VPA was therefore continued. 

Cultures of blood, sputum, and urine samples obtained 
on admission did not grow any pathogens. Computed tomog-
raphy (CT) of the head, to rule out structural causes of agita-
tion, showed no acute abnormalities. CT of the abdomen and 
pelvis was also done to investigate potential organic causes 
of abdominal pain; this imaging revealed diffusely increased 
subcutaneous fat throughout the torso and thighs suggestive 
of anasarca, multifocal and extensive thickening of the colon 
suggesting colitis, and mild sigmoid diverticulosis. At this 
point, a gastroenterology consultation was requested. 

Testing for tissue transglutaminase immunoglobu-
lin A yielded a positive result, and it was noted (follow-
ing confirmation with the long-term care facility) that the 
patient had not been receiving a gluten-free diet since 
the most recent discharge from hospital about 3 months 
beforehand. A protein-losing enteropathy was diagnosed, 
which explained the severely low albumin and associated 
anasarca. Throughout the admission, coagulation markers 
continued to decline, with fibrinogen and platelet nadirs of 
0.5 g/L and 95 × 109/L, respectively. A hematology opinion 
was requested, and hemolysis was ruled out. 

On day 3 of the ICU admission, measurement of serum 
ammonia level was requested, and a send-out test for free 
VPA level was arranged. These tests showed elevation of 
both ammonia and free VPA (274 µmol/L; reference range 
17–76 µmol/L). At this time, the VPA was discontinued 
and levetiracetam 500 mg orally, twice daily, was started. 
Approximately 1 week after discontinuation of VPA, the 
patient’s fibrinogen and platelet counts began to recover 
(Figure 1), and the agitation resolved.  

DISCUSSION

VPA has complex pharmacokinetics, including a low hep-
atic extraction ratio and nonlinear profile due to saturable 
protein binding.1 When the dose of VPA is increased, the 
change in total serum concentration is not proportional 
to the change in dose. Rather, the change in total serum 
concentration is less than might be expected with a dose 
increase, whereas the change in free VPA is much greater 
than expected, because albumin binding sites are already 
occupied. Therefore, in situations involving alterations in 
albumin, there can be a substantial effect on the free frac-
tion of VPA, disproportionate with total concentration. 

Akin to its pharmacological effect, unbound VPA 
causes toxic effects, and the incidence and severity of these 
adverse effects depends on the concentration. The clinical 
presentation of toxicity is variable and can affect many 
body systems, making it challenging to predict what will 
occur. Commonly observed adverse effects include nau-
sea, dyspepsia, tremor, and visual disturbances. In rare 
circumstances, patients may experience neurotoxicity, 

which manifests as myoclonus, miosis, severe agitation, 
or seizures, and hematological toxicities, including hypo-
fibrinogenemia and thrombocytopenia. In cases of severe 
toxicity or overdose, anion gap metabolic acidosis, respira-
tory depression, hypotension, acute respiratory distress 
syndrome, and cerebral edema may also occur.7-11 

Significant elevation of free VPA in patients with hypo-
albuminemia has been highlighted previously in several 
case reports and observational studies.12-15 However, little 
has been reported concerning critically ill patients. Ele-
vated free VPA in critically ill patients has been reported in 
4 case reports and a case series of 15 patients (median per-
centage of free VPA 48%, interquartile range 15%–89%).16-20 
However, not all patients exhibited probable VPA toxicity. 
Reported adverse drug events that were possibly related to 
VPA were hyperammonemia, elevation of liver enzymes, 
thrombocytopenia, and lethargy.16-20 

To our knowledge, the case reported here is the first 
to describe diverse presentation of VPA toxicity second-
ary to the elevated free fraction (hematological abnormal-
ities combined with agitation) in a critically ill patient. In 
addition, this case highlights the prompt reversal of such 
adverse effects upon discontinuation of VPA. In this case, 
the patient had thrombocytosis at baseline and presented 
with a remarkable drop in platelet count. Additionally, the 
patient’s fibrinogen levels were low at the time of admission 
and continued to decline over the first few days of the hos-
pital stay. Upon discontinuation of VPA, both platelet count 
and fibrinogen level began to recover. 

A modest amount of literature suggests that VPA can 
affect fibrinogen, including a case report of intracranial 
hemorrhage secondary to VPA-induced hypofibrinogen-
emia.21,22 The mechanism of this effect has not been well 
documented, and recovery is generally quick (within 5 days 
of VPA discontinuation).21 In our case, other differential 
diagnoses for the patient’s hematological abnormalities were 

FIGURE 1. Platelet count and fibrinogen levels throughout the first 
week of hospital admission. The dotted line reflects the day when 
valproic acid (VPA) was discontinued.
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excluded by our hematology colleagues. This patient also 
presented with severe agitation, which is an unusual mani-
festation of VPA toxicity. Given the proposed action of VPA 
on GABA receptors, we would typically expect patients with 
VPA toxicity to present with depressed mental status. How-
ever, some previous literature suggests that VPA neurotox-
icity can present as agitation and in some instances can also 
lead to further seizures.10,23 Ultimately, this patient’s labora-
tory abnormalities and clinical symptoms began to normal-
ize after discontinuation of VPA. On the basis of the patient’s 
presentation and recovery, we calculated the Naranjo score 
to help determine the likelihood that the symptoms were a 
result of VPA.24 The Naranjo score was 6, suggesting that 
the presenting abnormalities were “probably” due to VPA. 
No other medication changes were made at the same time 
as the VPA discontinuation, aside from hydrocortisone dis-
continuation, which was less likely than VPA to have con-
tributed to the current finding.

Current practice for therapeutic drug monitoring of 
VPA is to measure total trough concentrations, because of 
the limited availability and greater cost of measuring free 
levels (although the cost varies from one centre to another). 
In this case, testing of free VPA was not available in any 
of the local centres, and the sample was therefore sent out-
side the province for analysis, which led to additional ship-
ping costs. Unfortunately, no equations are available that 
allow accurate calculation of free VPA concentration from 
total serum concentration, and the greatest discordance 
appears to occur in critically ill patients.25,26 

This case highlights that total VPA concentration 
can be misleading in patients with hypoalbuminemia, 
and it emphasizes the importance of monitoring free, or 
unbound, VPA concentration. Because albumin is a nega-
tive acute-phase reactant, patients who are acutely ill and 
receiving VPA are at the highest risk of experiencing toxic 
effects, and VPA should therefore be used with caution and 
concentrations should be monitored carefully. Patients 
with low albumin levels often have various other comor-
bidities (including chronic kidney disease, older age, acute 
illness, and malnourishment) that put them at greater risk 
of adverse drug reactions; measuring only the total VPA 
serum concentration in these patients may be misleading. 

This report is limited by the inherent nature of case 
reports. The description of a single patient case limits the 
generalizability of the findings. In addition, there is a risk of 
bias secondary to overinterpretation of the patient’s clinical 
progress. Nonetheless, this case serves to emphasize that 
clinicians must be vigilant in monitoring free VPA in crit-
ically ill patients with hypoalbuminemia.

CONCLUSION 

VPA toxicity can present in many ways, and it can there-
fore be challenging to diagnose clinically. Total VPA levels 

may underestimate the true drug exposure in patients with 
hypoalbuminemia and can potentially result in failure to 
recognize toxicity. Measuring free VPA levels in patients 
with hypoalbuminemia, particularly in settings of acute 
changes in albumin, is a better predictor of VPA exposure.
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