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1   |   INTRODUCTION

Valproic acid (VPA) is a branched short-chain fatty acid 
derived from valeric acid, a low molecular weight carbox-
ylic acid.1 VPA is a broad-spectrum anti-epileptic drug. It 
is the first-line drug for various types of epilepsy and is 
the first choice for mandatory seizures.2,3 VPA has also 
been effective in bipolar disorder, mania, anxiety, and mi-
graine.4–6 Because of its wide clinical use and narrow safety 
range, the effective concentration range is 50–100 mg/L,7 
We often encounter high doses of VPA for acute poison-
ing caused by suicide. The leading life-threatening toxicity 

and complications of VPA poisoning are central nervous 
system toxicity, hyperammonemia encephalopathy, acute 
liver, and renal failure.8 Rescue of acute VPA poisoning 
mainly includes in  vitro elimination such as hemoper-
fusion (HP), hemodialysis (HD), hemofiltration (HF),9 
and drug rescue such as L-carnitine, meropenem.10,11 
However, there are some disputes over the use of drugs. 
We reported three cases of HP, HD, and continuous renal 
replacement therapy (CRRT) based on blood concentra-
tion monitoring to eliminate VPA to rescue acute VPA poi-
soning, and provide a reference for emergency treatment 
of acute valproic.
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Key Clinical Message
Valproic acid (VPA) is a wide-ranging anti-epileptic medication that primarily af-
fects bipolar disorder, mania, and migraine. The leading causes of mortality asso-
ciated with acute poisoning from VPA are nervous system toxicity, drug-induced 
shock due to encephalopathy from hyperammonemia, as well as acute liver and 
kidney failure, and respiratory depression that contribute to hemodynamic insta-
bility. Treatment of acute VPA poisoning primarily involves in vitro elimination 
methods, including hemoperfusion (HP), hemodialysis, and hemofiltration, as 
well as drug remedies such as L-carnitine and meropenem. Nonetheless, there 
are conflicting opinions regarding drug usage. This article details the three cases 
of acute poisoning from VPA. The fundamental approach to treatment employs 
HP assisted by blood concentration monitoring to alleviate shock and stabilize 
hemodynamics. This investigation presents guidance for the treatment and man-
agement of acute poisoning with VPA in clinical settings.

K E Y W O R D S

continuous renal replacement therapy, hemoperfusion, poisoning, rescue, therapeutic drug 
monitoring, valproic acid

https://doi.org/10.1002/ccr3.8367
www.wileyonlinelibrary.com/journal/ccr3
https://orcid.org/0000-0002-2771-4607
mailto:
http://creativecommons.org/licenses/by-nc/4.0/
mailto:lcyx58214813@163.com


2 of 7  |      LIU et al.

2   |   CASE REPORT

Case 1: The patient, a 14-year-old female weighing 50 kg 
and measuring 160 cm in height, was discovered uncon-
scious in bed at her home 3 h ago. She was unable to 
breathe or respond to stimulation. At the earlier time of 
12 h before January 16, 2023, the patient's family members 
reported finding four bottles empty of sustained-release 
magnesium valproate tablets (120 tablets, 250 mg/tablet, 
30 g) and two plates empty of quetiapine fumarate tablets 
(20 tablets, 0.1 g/tablet, 2 g). The patients were expedi-
tiously taken to the emergency department for a routine 
gastric lavage with standard saline before being trans-
ferred to the ICU.

The patient had a history of depression. Magnesium 
valproate and quetiapine fumarate were used to treat 
depression. Medical examination: Body temperature: 
36.8°C, Pulse: 102 times/min, Respiratory Rate: 14 
times/min, Blood pressure: 106/56 mmHg. Laboratory 
examination showed that muscle enzymes, myoglo-
bin, and elevated aspartate aminotransferase increased 
significantly, reducing glutathione to protect the liver 
from drug-related muscle damage. Blood ammonia 
showed plus aseptic ornithine acid and lactulose relief. 
The blood concentration of VPA was 635.77 mg/L. The 
doctor diagnosed VPA poisoning in the patient. To re-
move excess VPA, open venous channels, deep venous 
catheterization, HD combined with HP, and CRRT to 
release drugs. Blood drug concentrations at 12 h and 
24 h after admission were 196.50 mg/L and 193 mg/L, re-
spectively, significantly lower than before. However, the 
36-h blood concentration was 263.2 mg/L, and the 48-h 
blood concentrations were 263.2 mg/L and 351.6 mg/L. 
On the third day of admission, the patient complained 
of a headache, a rapid heart rate of 120 beats per minute, 
and a blood pressure of 155/73 mmHg. The doctor con-
sidered intracranial hypertension as the patient's blood 
pressure increased several times. Therefore, the manni-
tol was used to reduce intracranial pressure. Laboratory 
tests showed increased pH, suggesting a high likelihood 
of metabolic alkalosis, slightly higher lactic acid, mar-
ginally lower blood potassium, and intravenous po-
tassium chloride supplementation. Continue HP and 
CRRT to remove VPA. The blood concentration was 
134.93 mg/L. On the fourth day, he was conscious and 
could answer questions accurately. The blood concen-
tration was 71.05 mg/L and transferred from the ICU 
to the regular ward. The blood drug concentration was 
further reduced during hospitalization, the patient was 
discharged after finding no apparent abnormalities.

Case 2: The patient is a 13-year-old female, weighing 
55 kg and measuring 167 cm in height. On March 7, 2021, 
the patient ingested sodium valproate (0.2 g * 68 tablets) and 

vitamin D (400 units * 4 tablets) 6 h ago. Three hours ago, 
the patient vomited with only food residue and no trace of 
drugs residues was seen. The patient reported feeling fa-
tigued and drowsy, was unresponsive to questions, and had 
no other discomforts. The patient presented to our hospital 
with visible yellow gastric juice and received gastric lavage 
treatment. The patient had been experiencing symptoms of 
depression for over 5 months, sought treatment at a psychi-
atric hospital, was diagnosed with depression, and orally 
took sertraline dispersible tablets and Shugan Jieyu Capsule. 
The mood became more unstable and irritable after medi-
cation administration. On the day before admission, the 
doctor ceased the medication and switched to sodium val-
proate and vitamin D. The blood concentration of VPA was 
507.00 mg/L, eliminated by HP apparatus. Heparin was ad-
ministered for anticoagulation, while dopamine helped sta-
bilize blood pressure. The blood pump speed was 150 mL/h. 
By the third day, the patient improved during their stay in 
the hospital without any apparent discomfort.

Case 3: The 14-year-old female patient weighed 58 kg 
and measured 160 cm in height. On October 3, 2022, she 
ingested 21 tablets of sustained-release sodium valproate 
(0.5 g/tablet) 4 h prior to admission, resulting in a dis-
turbance of consciousness characterized by drowsiness 
and impaired wakefulness. Upon discovery, the patient 
was transported by the family to the emergency depart-
ment, where immediate treatment involved gastric lavage. 
After being diagnosed with anxiety and depression in the 
hospital's psychological department, he was prescribed 
oral sertraline hydrochloride tablets, sodium valproate 
sustained-release tablets, and quetiapine fumarate tablets. 
He remained on this medication until his hospitalization. 
The blood concentration of VPA was measured at 317. An 
HP device was employed for HP treatment, with a blood 
pump speed of 150 mL/H. The initial blood concentrations 
of the patient were 178.78 mg/L and 176.88 mg/L at 6 h and 
12 h post-admission, respectively, showing a significant de-
cline compared to the readings before admission. However, 
the blood concentrations at 36 h and 48 h were 144.15 mg/L 
and 122.46 mg/L, respectively, indicating a slow clearance 
rate. The patient was administered a dose of furosemide 
with the intention of releasing diuretic protoxin. Naloxone 
was used to revive the patient. Additionally, 3000 U of hep-
arin was administered intravenously as an anticoagulant, 
and dopamine was used to stabilize the patient's blood 
pressure. HP treatment was continued. On the third day 
of admission, the patient was conscious and able to answer 
questions accurately. On the fourth day, their blood con-
centration was 31.89 mg/L. The patient demonstrated im-
provement and was subsequently discharged.

The laboratory examination of each patient during the 
hospital is shown in Table 1, and the VPA blood concen-
tration change is shown in Figure 1.
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3   |   DISCUSSION

Acute intake of too much VPA, blood concentration 
greater than 125 mg/L often reduces white blood cells 
and platelets,12 plasma concentrations above 180 mg/L 
often lead to central nervous system dysfunction in 
patients, such as tremors, agitation, brain edema, and 
other neurological damage. High VPA concentrations 
in tissues and organs can damage the liver, brain, kid-
ney, and other vital organs.13 It converted the median 
lethal dose of VPA in rats to 0.13–0.16 g/kg in humans,14 
the median lethal dose of patients in case 1 was about 
0.6 g/kg, the median lethal dose of patients in case 2 was 
about 0.23 g/kg, and the median lethal dose of patients 
in case 3 was about 0.18 g/kg, which was of active life-
saving significance.

VPA is a small molecule compound with strong water 
solubility. The drug has a relatively low molecular weight 
(144 Da). It can quickly absorb VPA after oral admin-
istration, its bioavailability is greater than 90%, and its 
sustained-release preparation is about 70%. The plasma 
protein binding rate ranged from 74% to 90%, mainly be-
cause of the saturation of its binding to plasma protein, 
which also made its pharmacokinetics present nonlinear 
metabolism.15

Each sustained-release magnesium valproate tablet 
contains 250 mg, and each sustained-release sodium 
valproate tablet contains 500 mg of sodium valproate. 
The absorption of VPA sustained-release tablets was 

slower than that of standard tablets after oral admin-
istration, and the blood concentration peaked at about 
14 h, which could last for about 16 h. The release of 
sustained-release tablets is slower than ordinary tab-
lets, so their absorption is slow, resulting in no linear 
relationship between blood concentration and drug 
dose. Gastric lavage is one method of removing poison 
poisoning from the digestive tract, it can reduce mor-
tality in acute (especially severe) poisoning patients.16 
Although there is no specific antidote for excessive use 
of sodium valproate, there is no contraindication for 
gastric lavage. For patients with severe acute poisoning 
who do not have a specific antidote, elimination of VPA 
by gastric lavage, even if it has been over 6 h,16 FDA 
guidelines also noted that gastric lavage treatment is 
still effective within 10–12 h of drug intake.17

Valproate is a strong alkali and weak acid salt. It is 
weakly alkaline after dissolution in water. The pH is 7.5 
to 9.0. Strengthening diuresis may promote valproate 
release and elimination of VPA by CRRT combined 
with HP. HD and HP can speed up the elimination of 
VPA. In one case study, HD reduced the half-life of VPA 
from 8.5 h before treatment to 5.8 h after treatment. It 
extended the half-life to 22 h after discontinuation of 
HD.18 Therefore, gastric lavage was performed on all 
three patients to eliminate any remaining VPA present 
in their stomachs.

HP is when blood flows through a perfusion column 
equipped with a solid-phase adsorbent (activated carbon 

F I G U R E  1   Serum VPA levels (mg/L) during hospital. HP, hemoperfusion; CRRT, continuous renal replacement therapy. The serum 
drug concentration in acute valproic acid (VPA) poisoning is well above the normal range. In case 1, the initial concentration reached 
635.77 mg/L. HP and CRRT measures will rapidly reduce the serum drug concentration of VPA. As the drug concentration in the tissues and 
organs is still high, the drug redistribution leads to an increase in the blood drug concentration. It should be considered that HP and CRRT 
measures should be repeated or repeated to ensure rapid elimination of the drug.



      |  5 of 7LIU et al.

or resin) to remove exogenous drugs or poisons through 
adsorption to purify the blood. That is mainly used for 
toxicants with a high protein binding rate, high-fat solu-
bility, and large and medium molecular weight. HP may 
not correct the water, electrolyte, and acid–base balance 
disorder and may cause platelets, white blood cells, clot-
ting factors, glucose, and divalent cations to decrease, 
which should be monitored and supplemented promptly. 
In Case 1, the clinician urgently opened central venous 
access and performed CRRT+HP treatment to rapidly and 
stably reduce the concentration of free sodium valproate 
in the patient's blood. After 10 h of CRRT+HP treatment, 
the blood concentration of sodium valproate decreased 
from 635.77 mg/L to 193.00 mg/L, and the blood concen-
tration rebounded to 263.20 mg/L after 12 h. The blood 
concentration of sodium valproate may rebound after 
one time of blood purification,19 because drug concen-
tration in tissues and organs is still significant, drug re-
distribution increases blood drug concentration again. 
The protein binding rate of sodium valproate is high. 
The CRRT is mainly used to remove toxic substances 
with high water solubility, small molecules, and low pro-
tein binding rate, and the removal effect of sodium val-
proate binding is not good. HP is mainly used for toxic 
substances with high protein binding rates, high-fat sol-
ubility, and relatively large molecular weight. The resin 
perfusion device has better removal of protein binding 
and fat-soluble molecules. Based on CRRT, combined 
with HP treatment, after 10 h of CRRT+ HP treatment, 
the blood concentration of sodium valproate decreased 
from 351.6 mg/L to 71.05 mg/L, and the removal effect 
was significant. In  vivo, sodium valproate binds to the 
corresponding receptor in a free state to produce efficacy. 
Because of sodium valproate's high plasma protein bind-
ing rate, changes in plasma protein content can signifi-
cantly affect the concentration of free sodium valproate, 
affecting efficacy or producing toxic adverse reactions.20 
Studies have confirmed that with the same amount of 
sodium valproate with the increase of plasma protein, 
free sodium valproate blood concentration showed a 
downward trend,21 when the patient's plasma albumin 
decreases when appropriate, albumin supplementation 
can reduce the side effects of sodium valproate. For case 
2, there was a significant decrease in the blood concen-
tration of VPA after a single HP treatment. As for case 
3, although the blood concentration decreased after HP 
was used, there was no significant decrease at 12 h and 
48 h after treatment. However, after a second administra-
tion of HP, the blood concentration returned to the nor-
mal range. It should be noted that the concentration of 
the drug in tissues and organs remained high, resulting 
in a rise in the drug concentration in the blood due to 
redistribution.

Elevated blood ammonia is caused by sodium val-
proate and related hyperammonia encephalopathy, man-
ifested as mental disorders, seizures, and lethargy. It can 
progress to coma or even death. It is material attention 
to the changes in blood ammonia in patients.22 In case 
1, on the day of admission and the second day, the blood 
ammonia of the patient was 53.4 and 54.6 μmol/L. The 
patient was treated with ornithine aspartate for an injec-
tion of 10 g every day. Ornithine aspartate may provide 
the substrate for the synthesis of urea and glutamine. 
Glutamine is the detoxification product of ammonia 
and the storage and transportation form of ammonia. 
Ornithine involves the activation of the urea cycle and 
the entire process of ammonia detoxification. Aseptic 
acid synthesizes nucleic acid in hepatocytes to facilitate 
the repair of damaged hepatocytes.23 L-carnitine may 
treat hyperammonia by VPA, but there is no standard 
for treating VPA toxicity.24 Some literature reported that 
meropenem was used to treat VPA overdose,25 because 
meropenem significantly reduced VPA plasma drug 
concentration by inhibiting acyl peptide hydrolase, pre-
venting reabsorption of VPA metabolites and leading to 
increased elimination.25,26 However, because of some 
management reasons, meropenem cannot be used for 
outpatients and non-infected patients.

The first-line treatment for acute poisoning by VPA 
is to enhance excretion of the drug. Apart from using 
HP, CRRT, and gastric lavage, drug excretion can also be 
achieved by increasing blood volume and urine flow. In 
Case 1, infusion volume was expanded to increase blood 
volume, whereas in Case 3, furosemide was administered 
to enhance drug elimination. Hypokalemia is a common 
occurrence during acute drug poisoning. In Case 1, low 
blood potassium levels were observed during hospitaliza-
tion and treated with potassium chloride.

4   |   CONCLUSION

Acute poisoning by VPA often results from the ingestion of 
a single large dose. To prevent VPA poisoning, it is recom-
mended to consider the following strategies. Reasonable 
storage of medication should be considered to prevent 
non-patients and children from accidentally consuming 
drugs. Additionally, for long-term use of VPA in antiepi-
leptic and antipsychotic patients, physicians should avoid 
prescribing large amounts of medication at one time to 
prevent patients from potentially misusing VPA drugs to 
commit suicide, particularly if their depression is poorly 
controlled.

Acute VPA poisoning often damages organs, causes 
physiological dysfunction, and cause death. Monitoring 
the patient's blood concentration based on age, dosage, 
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discovery time, absorption, and renal function can guide 
the elimination of acute VPA poisoning and add symp-
tomatic drugs to eliminate adverse reactions caused by 
VPA while using HP and CRRT.
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