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Abstract- Phenobarbital is still one of the drugs of choice in managing patients with brain injury in the 

intensive care unit (ICU). However, the impact of acute physiological changes on phenobarbital 

pharmacokinetic parameters is not well studied. This study aimed to evaluate the pharmacokinetic parameters 

of parenteral phenobarbital in critically ill patients with brain injury. Patients with severe traumatic or non-

traumatic brain injury at high risk of seizure were included and followed for seven days. All patients initially 

received phenobarbital as a loading dose of 15 mg/kg over 30-minutes infusion, followed by 2 mg/kg/day 

divided into three doses. Blood samples were obtained on the first and fourth day of study at 1, 2, 5, 8, and 10 

hours after the end of the infusion. Serum concentrations of phenobarbital were measured by high-pressure 

liquid chromatography (HPLC) with an ultraviolet (UV) detector. Pharmacokinetic parameters, including the 

volume of distribution (Vd), half-life (t1/2), and the drug clearance (CL), were provided by MonolixSuite 

2019R1 software using stochastic approximation expectation-maximization (SAEM) algorithm and compared 

with previously reported parameters in healthy volunteers. Data from seventeen patients were analyzed. The 

mean value±standard deviation of pharmacokinetic parameters was calculated as follows: Vd: 0.81±0.15 L/kg; 

t1/2: 6.16±2.66 days; CL: 4.23±1.51 ml/kg/h. CL and Vd were significantly lower and higher than the normal 

population with the value of 5.6 ml/kg/h (P=0.002) and 0.7 L/kg (P=0.01), respectively. Pharmacokinetic 

behavior of phenobarbital may change significantly in critically ill brain-injured patients. This study affirms 

the value of early phenobarbital therapeutic drug monitoring (TDM) to achieve therapeutic goals.  

© 2022 Tehran University of Medical Sciences. All rights reserved.  
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Introduction 
 

The story of the clinical use of phenobarbital as an 

anticonvulsant agent is back to 1912. It has revolutionized 

epilepsy treatment and is still one of the drugs of choice 

for status epilepticus (1). World Health Organization 

(WHO) recommended phenobarbital as the first line of 

treatment in developing countries due to high efficacy 

and low price; however, it is less welcome in Western 

medicine probably because of adverse effects profile 

(2,3). Despite the widespread use of this medication in 

intensive care units (ICUs), including prevention of early 

seizures after brain damage (4-7), treatment of refractory 

seizures (8), alcohol withdrawal (9,10), and some more 

specific situations like cerebral salvage following 

traumatic and/or hypoxic brain injury (11), the need for 

pharmacokinetics study in various populations could not 

be ruled out. 

Physiological changes in critically ill conditions can 

significantly alter the pharmacokinetics of prescription 

medications (12,13). A head injury can cause 

physiological changes, unpleasant complications, 
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including acute and delayed changes in cardiovascular 

variables, hypercapnia, cerebral hypoxia, ischemia, 

metabolic disorders, changes in intracranial pressure 

(ICP), seizure, epilepsy, changes in behavior, cognitive 

and motor disorders, sleep problems, and so on (14,15). 

Systemic inflammatory response syndrome (SIRS) 

indicates a general inflammation beyond local 

involvement (16). An inflammatory response is related to 

the severity and complexity of the disease and may also 

impact on pharmacodynamics and pharmacokinetics of 

administered drugs (17).  

The proper use of drugs requires an accurate 

understanding of the potential effects of these critical 

conditions on the processes of absorption, distribution, 

metabolism and drug excretion (18). Phenobarbital 

pharmacokinetics has been evaluated many years ago in 

healthy volunteers and patients with status epilepticus 

(19,20). Phenobarbital clearance can be affected by 

specific prescribed drugs for the patient, the disease 

condition, and the patient's age. The clearance in children 

aged 1 to 19 years is 0.0082±0.0031 L/kg/h, in adults 

aged 19 to 65 years is 0.0056±0.0026 L/kg/h and in 

geriatrics is described 0.0024 L/kg/h (11). One concept 

regarding drug clearance to keep in mind is that under-

dosing leading to inadequate drug concentrations are 

more likely than overdosing leading to adverse drug 

reactions under critical conditions (16). 

Up to now, several studies confirmed the alteration of 

pharmacokinetic behavior of different drugs administered 

to patients under critical conditions (21). The present 

study was designed regarding several brain-injured cases 

on phenobarbital with impaired pharmacokinetics in our 

center and aimed to evaluate the pharmacokinetic 

parameters of parenteral phenobarbital in a larger 

population of critically ill patients with brain injury and 

edema. 

 

Materials and Methods 

 

Study design 

This descriptive pharmacokinetics study was 

performed at the ICUs of “Sina” Hospital, affiliated to 

Tehran University of Medical Sciences (TUMS).  

Adults with an age range of 18 to 70 years of old with 

severe brain injury presented with Glasgow Coma Scale 

(GCS) less than 8, the consequent risk of seizure and 

secondary brain damage during their stay in the ICU, 

radiological evidence of brain edema and increased ICP, 

and intubated were included. Patients with unstable 

hemodynamics, known hypersensitivity to barbiturates, 

hepatic or renal impairment, history of seizure, and taking 

phenobarbital during the last month were excluded.  

 

Drug dosing and blood sampling 

Patients who had been on phenobarbital within 72 

hours after brain injury were enrolled based on the 

inclusion criteria. Informed consent was obtained from all 

participants’ guardians included in the study. 

All patients initially received phenobarbital as a 

loading dose of 15 mg/kg of total body weight over 30-

minutes intravenous (IV) infusion, and after 12 hours, the 

IV maintenance dose of 2 mg/kg/day was divided into 

three doses, which was experimentally determined as the 

effective dose in this particular population by intensive 

care specialists of our center, usually administered up to 

7 days. 

Blood samples were obtained on the first and fourth 

days of the study. Serum concentrations of phenobarbital 

were measured at the following times after the end of the 

loading dose on the first day: at 1, 2, 5, 8, and 10 hours. 

On the fourth day, sampling was done before 

administration of the ninth dose and at 1, 2, 5, and 8 hours 

after the end of the infusion. The samples were 

centrifuged, and extracted serum was stored at -70° C until 

the final analysis. 

The serum concentration of phenobarbital was 

determined by High-performance liquid chromatography 

(Smartline HPLC Series KNAUER) equipped with a C-8 

reverse-phase column with an internal diameter of 46 mm 

and a length of 15 cm, and a variable-wavelength UV 

detector set at 240 nm. The mobile phase was 10% 

acetonitrile and 22.5% methanol in distilled water at a 

flow rate of 1 ml/min. 

 

Patientsˈ data gathering  

The clinical and demographic data and source of brain 

injury were documented by reference to the medical 

records of the patients. Routine clinical tests in ICU 

patients were recorded at daily visits of patients. 

 

Population pharmacokinetic parameters estimation  

Estimation of individual parameters of the volume of 

distribution (Vd), half-life (t1/2), and the drug clearance 

(CL) were provided by MonolixSuite 2019R1 as the 

mean of their posterior distribution using stochastic 

approximation expectation-maximization (SAEM) 

algorithm. 

 

Results 
 

A total of 17 (82.4% men) brain-injured patients with 

a mean age of 51.88 were enrolled in the study. Patients 
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with severe traumatic brain injury (TBI) represented the 

majority of cases included (58.8%). Table 1 describes the 

demographic information of patients, and Table 2 shows 

the causes of admission to the ICU. 

 

 

 

 

 

 

The phenobarbital for three patients was discontinued 

before reaching the fourth day of study. It was due to an 

increase in consciousness and improvement of the general 

condition in one of the patients. The phenobarbital order 

was interrupted because of unknown reasons in another 

patient. The last patient was expired on the third day of 

the study; therefore, blood sampling in these three 

patients was taken only on the first day.  

The mean value±standard deviation of 

pharmacokinetic parameters was calculated as follows: 

CL: 4.23±1.51 ml/kg/h; Vd: 0.81±0.15 L/kg; t1/2: 

6.16±2.66 days. The pharmacokinetic parameters of 

phenobarbital are pinpointed in Table 3. The correlation 

between detected phenobarbital concentrations and 

predicted ones by our model is shown in Chart 1. 

The results revealed that Vd was significantly higher 

than the normal population, which has previously been 

described as 0.7 L/kg (11) (P=0.01). CL was significantly 

lower than the normal population with a value of 5.6 

ml/kg/h (11) (P=0.002). T1/2 was significantly higher than 

the normal population, which is considered to be four 

days (11) (P=0.004). 

From the data in Table 4, despite the apparent 

differences in the pharmacokinetic parameters of patients 

with different causes of brain injury, only a significant 

difference was found between the Vd of the two groups 

due to the small sample size. 

 

 

Table 3. Pharmacokinetic parameters of patients during the acute phase in comparison with normal 

population 

Variable Number Mean value SD 

Standard 

Deviation of 

the Random 

Effects 

Normal 

Population 
P 

CL (ml/kg/h) 17 4.23 1.51 0.451 5.6 0.002 

Vd (L/kg) 17 0.81 0.15 0.198 0.7 0.01 

T1/2 (days) 17 6.16 2.66 - 4 0.004 

Abbreviations: SD, standard deviation; CL, clearance; t1/2, half-life; Vd, the volume of distribution; Standard Deviation of the Random Effects 

was calculated by Monolix software 

 

Table 1. Demographic parameters of patients 

Demographics Number Mean±Std. Deviation 

Gender (male/female) 14/3 - 

Age 17 51.8±18.7 

Total body weight 15 81.7±20.4 

eGFRa (ml/min/1.73 m2) 17 72.9±21.4 

APACHEb Score* 17 18.1±4.6 

SOFAc Score* 17 9.4±2.3 

NRSd 16 4.5±0.9 

aeGFR: estimated glomerular filtration rate; bAPACHE Score: Acute Physiology, Age, and Chronic Health Evaluation Score; 

cSOFA Score: Sequential Organ Failure Assessment Score; dNRS: Nutrition Risk Screening. *APACHE and SOFA scores were 

calculated at the admission, but the worst score was considered for NRS 

Table 2. Causes of admission to ICU 

Source Frequency Percent 

Brain Tumor 1 5.9 

Status epilepticus 1 5.9 

Stroke 5 29.4 

Traumatic Brain Injury 10 58.8 

Total 17 100.0 
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Chart 1. Correlation between observed phenobarbital concentrations and individual predictions 

 

 

 

 

Discussion 
 

Pharmacokinetic parameters of IV phenobarbital 

remarkably change in the acute physiologic phase of 

brain damage in ICU patients. Considering the range of 

20 to 40 mg/L as the therapeutic goal of phenobarbital 

therapy (11), interestingly, a group of patients (35.3%) 

would experience steady-state concentrations (Cssmin) ≤30 

mg/L, and with the current dosing system, the rest of the 

patients would have Cssmin >30 mg/L with an extensive 

variation. Patients with estimated Cssmin ≤30 mg/L had CL 

calculated 4.8 ml/kg/h, which is significantly different 

from those with an estimated value >30 mg/L, and this 

would confirm the need for therapeutic drug monitoring 

(TDM). According to assessments, 25.5±4.9 mg/kg of 

loading dose would be needed to reach the trough level of 

30 mg/L on the first day, and 2.5±1.5 mg/kg/day is 

desired as a maintenance dose to reach Cssmin of 30 mg/L. 

This study affirms the value of early phenobarbital 

TDM in critically brain-injured patients. To the best of 

our knowledge, this is the first published study that 

evaluates the pharmacokinetic parameters of IV 

phenobarbital in the acute phase of brain damage. As it 

seems, higher initial doses are needed for individualized 

dosing to achieve therapeutic goals in critically brain-

injured patients, which would generally consider 

concentrations of 20-40 mg/L in which patient respond 

should guide us through proper dose adjustment. Despite 

a significant decrease in CL compared with the normal 

population, there is a wide range of CL values among the 

patients. In cases of refractory status epilepticus, the 

recommended therapeutic range is even determined by 

more than 70 mg/L, and for cerebral salvage from 

hypoxic or traumatic brain damage, this amount is 

considered more than 75 mg/L (11). These high 

concentrations may induce barbiturate coma as a 

therapeutic strategy. Results and risk of adverse events 

related to toxic blood concentrations should be 

considered. The effect of barbiturate coma can vary 

regarding various factors such as age (22). As shown in 

the results section, the regular dosing of phenobarbital 

may not result in effective concentration and desirable 

response in this population. Due to the low troughs on the 

first day and high estimated Cssmin in the majority of the 

Table 4. Comparison of pharmacokinetic parameters in patients with stroke and TBI 

 Source Number Mean value ± SD. 

Vd (L/kg)  
Stroke 5 0.7 ± 0.15 

TBI 10 0.87 ± 0.12 

CL (ml/kg/h) 
Stroke 5 4.14 ± 0.73 

TBI 10 4.65 ± 1.69 

t1/2 (days) 
Stroke 5 5 ± 1.29 

TBI 10 6.07 ± 2.83 

Abbreviations: SD, standard deviation; CL, clearance; t1/2, half-life; Vd, the volume of distribution; TBI, Traumatic Brain Injury 
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patients, TDM is necessary. 

Several physiological events following brain damage, 

including cytokine cascades, catecholamine storm, 

decoupling, endothelial and vascular problems, brain 

hypoxia, ischemia, metabolic disturbances, ICP changes, 

and hundreds of other cases, can affect pharmacokinetic 

parameters (14,15,23). All of them lead the practitioner 

not to be able to predict the behavior of the drug during 

initial therapy after brain injury, and this insists on the 

importance of TDM in this population, especially during 

the acute phase. 

Despite phenobarbital CL decrease, all the measured 

blood concentrations were in the therapeutic range and 

none of the patients experienced drug toxicity due to short 

duration of treatment. Some studies contradict what we 

found. The CL of pentobarbital from the barbiturates 

family in TBI patients increases for several days. CL of 

phenytoin has also increased in the acute phase after brain 

injury (12). Plasma levels of pentobarbital were evaluated 

by Heinemeyer G et al., in 16 ICU patients suffering from 

severe brain injury who received a dose of 30 mg/kg/day. 

It was observed that plasma concentrations of 

pentobarbital decreased continuously in ten patients, 

while total plasma CL increased from 0.81 to 1.06 

ml/kg/min (24). Our experiences also confirm the 

previous study of cyclosporine clinical pharmacokinetics. 

It was showed that cytochrome P450-mediated 

cyclosporin metabolism was hampered by an 

inflammatory response after bone-marrow 

transplantation. The maximum concentration of 

cyclosporin was correlated with interleukin 6 and C-

reactive protein (biomarkers of acute inflammatory 

response) blood levels (17).  

Another key concept is phenoconversion which 

considers the conversion of genotypic extensive 

metabolizers (EMs) into phenotypic poor metabolizers 

(PMs) of drugs so similar to genotypic PMs (25). 

Potential effects of several inflammatory conditions 

leading to phenoconversion were studied, for instance, 

human immunodeficiency virus infection, cancer, and 

liver disease which all of them are associated with 

cytokines elevation and are clinically acceptable as 

causes of NAT2, CYP2C19, and CYP2D6 

phenoconversion. There is also clinical evidence 

confirming infection-induced down-regulation of 

CYP1A2, CYP3A4, and CYP2C9. Contrary to initial 

belief, this is not a rare phenomenon that affects the 

pharmacokinetics of the drugs and patients’ clinical 

outcomes. phenoconversion highlights the importance of 

personalized medicine (25,26).  

Samaras and Deitz found that the pentobarbital 

behavior was hyperbolized in rats treated with trypan 

blue, an immune system stimulating substance. They 

observed that pentobarbital metabolism was impaired 

during the inflammatory response. Many studies have 

shown the association between cytokines levels such as 

interleukin-6 and diminished drug CL consisting of 

theophylline, antipyrine, hexobarbital, and midazolam. 

The remarkable result of reviewed data is that brain 

edema, and inflammation does not only suppress the local 

cytochromes but also peripheral cytochromes can be 

affected (27). It is important to consider environmental 

factors causing a mismatch of genotypes with phenotypes 

through alteration of enzyme expression (28). 

Another possible explanation of decreased CL could 

be related to liver blood flow. A severe decrease in 

hepatic blood flow usually occurs in shock. This is not the 

case with the current study; however, liver blood flow 

may also be affected by our patients. Macnab et al., 

introduced six patients in shock with a significant 

decrease in morphine CL (29). Reduced CL becomes 

more important for drugs that have a narrow therapeutic 

index, and also, in the population with genotype PM, it 

can lead to negligible metabolism of drugs (27). 

Considering the observed increase in Vd, we stratified 

the patients based on the etiology of brain damage, and 

we observed a significant number of patients with TBI 

had increased Vd. Phenobarbital is a lipophilic drug with 

low Vd and protein-binding (11). Therefore, the 

determining pharmacokinetics parameter is CL. It may be 

possible to justify an increase in Vd by changing liver 

function and the accumulation of endogenous substances 

(30). However, this phenomenon in patients with TBI 

may not be interpreted easily, and further studies are 

required. Changes in liver blood flow, mechanical 

ventilation in patients, increase in the levels of stress 

hormones such as cortisol, increase in acute phase 

proteins, damage to the hypothalamic-pituitary system, 

increased ICP, age, and factors related to nutrition all can 

affect the CL and Vd of different drugs prescribed in this 

population; therefore, monitoring of drug plasma 

concentrations is strongly suggested. 

 

Limitations 

Although the significant results from the study led us 

to stop it with the mentioned number of patients to 

prevent the waste of resources, the small sample size of 

this study could be one of its limitations. Also, our 

patients were not homogeneous; a percentage of them 

underwent craniotomy surgery, some of them had a 

hematoma, and also they had different causes of brain 

injury. These differences are expected to affect the 
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pharmacokinetic parameters of the drug. Patients in the 

ICU receive different drugs at the same time. They can 

interact with each other in terms of pharmacokinetics or 

pharmacodynamics, which could not be avoided in our 

study too. Almost all patients were on phenytoin 

concurrently. The onset of inducible effects of phenytoin 

takes time. It has been reported that concomitant use of 

phenytoin and phenobarbital initially decreases 

phenobarbital CL (31). This may have affected the results 

of this study. It has been shown that ICP monitoring may 

reduce mortality rates in operated patients, length of ICU 

stay, radiation exposure and brain specific interventions 

(32). Due to a lack of facilities and existing conditions, 

we were unable to measure the ICP of the patients and 

evaluate its relationship with pharmacokinetic parameters 

of phenobarbital which can be considered in later studies. 

Phenobarbital pharmacokinetic parameters may 

change remarkably in the critically ill brain-injured 

patients; it is noteworthy that a significant decrease in CL 

is very important and affects the treatment process. Given 

this finding, early TDM is necessary to adjust the 

appropriate dose. 
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