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ABSTRACT

In the 19™ century, barbiturates were first-line treatment as
hypnotic and anticonvulsants, then gradually replaced by
agents with a safer clinical profile. However, its ongoing use
medicine and steadfast

in  Australian veterinary

prescriptions in  developing countries/our migrant

population, still contributes to overdoses.

We present a case of a middle-aged man with a life-
threatening phenobarbital overdose. Haemofiltration was
trialled, causing a rapid fall in phenobarbital levels and a
speedy recovery. Through a review of the literature,
treatment options of barbiturate overdose presentations
will be discussed. It is imperative clinicians are aware of
barbiturate’s mechanism and its enhanced elimination
through extracorporeal treatment.
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Implications for Practice:

1. What is known about this subject?
Barbiturates were once a very common cause of drug
dependence and overdoses. Extracorporeal elimination has

been trialled in low-quality evidence only, with positive
conclusions.

2. What new information is offered in this case study?
Phenobarbital overdose of this prolonged period has rarely
been reported in the literature. The trial of haemofiltration
successfully eliminated the drug, facilitating early recovery.

3. What are the implications for research, policy, or

practice?
In the absence of adequate phenobarbital elimination with
forced alkaline diuresis, clinicians should consider

extracorporeal treatment; so as to prevent prolonged
hospital stay and complications.

Background

Barbiturates were commonly prescribed as an anti-epileptic
and sedative in the 1930s and 1940s, peaking to 24.7 million
American barbiturate prescriptions in 1968." Its major
drawbacks of dependence and overdose-related deaths
subsequently led to heavy restriction laws.” Prescription
rates have also declined with the development of safer anti-
levetiracetam  and

epileptics  like anxiolytics  like

benzodiazepine.3 Despite these two factors, acute
barbiturate poisoning is still common due to its affordability
in developing countries and ongoing prescription in
human/animal epilepsy disorders such as partial and tonic-

. . . 4
clonic generalized seizures.

Clinicians need to recognise the symptoms and physiology
of barbiturate overdose. In a minor toxicity scenario,
supportive care and forced alkaline diuresis may be
sufficient therapeutic However, in

options. severe

overdoses, early recognition of when conservative
management is no longer justified and consideration of
extracorporeal treatment is critical; this will enhance drug
elimination. Speedier neurological and clinical recovery will
decrease hospital stay and complication risks such as

. . . 3,4
ventilator-associated pneumonia and pressure ulcers.

Case details

A 45-year-old man with no past medical history was found
unconscious at home and brought to the Emergency
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department. At the scene, paramedics noted empty
packaging for 200x30mg phenobarbital tablets (60g),
50x600mg potassium chloride extended release (slow-K)
tablets (30g), and a 40mg clonazepam liquid bottle. He last
had contact with a relative 19 hours prior. He had recently
moved to Australia and had no known stressors or previous
substance abuse. A polypharmacy induced coma was

suspected.

The patient’s respiratory rate (RR) was 10 breaths per
minute, with 96 per cent oxygen saturation on 10L Hudson
mask, tachycardic at 140 beats per minute (bpm), non-
invasive blood pressure (NIBP) 100/60mmHg and febrile at
38.8 degrees Celsius. ECG showed no arrhythmias or
electrophysiological signs of hyperkalaemia. With a Glasgow
Coma Scale (GCS) score of 3/15 and bilaterally 2mm reactive
pupils,
otherwise unremarkable.

he was intubated. Systemic examination was

Other than a creatinine kinase(CK) of 1820IU/L (normal
range 60-220I1U/L), blood results and toxicology screen
were unremarkable. Importantly, potassium was normal at
4.2mmol/L, confirming that he had not ingested the slow-K.
His abdominal X-Ray showed no undissolved tablets hence
whole bowel irrigation was deemed unnecessary. Chest X-
Ray and CT brain were—performed and did not reveal
another cause. Post fluid resuscitation, he was transferred
to intensive care for ventilation and vasopressor support
with noradrenaline. No sedation was given. Forced alkaline
diuresis with sodium bicarbonate was commenced.

The first phenobarbital level approximately 19 hours from
time of ingestion was 172.9mg/L (normal range 15.1—
39.4mg/L). After approximately four days of forced alkaline
diuresis, he still had no clinical neurological response
(GCS3/15- Eyes 1/4, Verbal 1/5, Motor 1/6) and the second
phenobarbital level was 162.4mg/L (see Figure 1).

Given his weight of 67kg, his estimated Total Water Content
(TWC) was 40.2L (60 per cent of 67kg). The volume of drug
distribution was estimated at 347.02L
(V4=D/Cy=60g/0.1729g/L). 10-hour trial of
intermittent haemofiltration was commenced via right

Hence, a

femoral vascular catheter. An AV600S filter was used;
settings included a blood flow rate of 250ml/minute with
pre-dilution 100ml/minute, with part A HD/F2, potassium at
4mmol/L, sodium 140mmol/L, and bicarbonate 32mmol/L
at 36.5 degrees Celsius. A heparin infusion was used
concurrently at 300 units per hour, with target APTT range
50-80 seconds.

Approximately four hours after commencement of
haemofiltration, spontaneous eye movements and semi-
purposeful movements returned. Propofol sedation at
50mg/hour was commenced for airway safety. After 10
hours haemofiltration, his phenobarbital level dropped to
119.7mg/L. nine hours later, his GCS was 13/15 (E3, V4,
M&6), in association with a drug level of 49mg/L (See Figure
1). The patient was extubated 5 days post-intubation and 1
with  full

neurological recovery (See Table 1). Given his full recovery

day post haemofiltration commencement,
with a phenobarbital level of 49mg/L, we did not repeat the
test till it was Omg/L. This is because it was neither cost
effective nor clinically needed. It is likely to decrease with
ongoing liver metabolism over time. His rhabdomylysis
resolved and post psychiatric review, he was discharged into

his family’s care.

Discussion

Phenobarbital is a long-acting barbiturate that binds to
gamma-amino butyric acid (GABA) receptors increasing
GABAergic transmissions. This inhibits central nervous
system excitability.” With a potential toxicity level at
>4Omcg/mL,5 post ingestion of 60g of the drug, our patient’s
initial serum level was 172.9mg/L. Toxicity presents as
sedation that can ultimately progress to coma, respiratory
depression, hypotension, and cardiac arrest or death.® With
a prolonged half-life of 53—-118 hours, secondary to its liver
metabolism and renal excretion, serum drug levels take
days to decline.® For our patient, this resulted in 4 days of
prolonged intubation. It was likely further compounded by
the additional 40mg clonazepam that was ingested, a
central nervous system depressant.5

The fundamentals of poisoning management include
supportive care, prevention of further poison absorption,
enhanced elimination and antidote administration.” Our
patient received supportive care in the form of invasive
airway and ventilatory support and haemodynamic support
(intravenous fluid therapy and noradrenaline). Multiple
dose activated charcoal was deemed a low-yield
intervention given the clinical lack of bowel motility
increasing the risk of bowel obstruction. Charcoal therapy
was also deemed inappropriate because plasma
concentrations generally peak 1-4 hours post-ingestion and

the patient had presented 19 hours after ingestion.5

Phenobarbital plasma concentrations were analysed with

the Emit® 2000 Assay, a test with high sensitivity. It is based
on competition for antibody binding sites between the
sample’s drug and drug labelled with the glucose-6-
(G6PDH)

phosphate dehydrogenase enzyme. As our
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patient’s drug level was above the assay range (80mg/L),
sample dilution was required.7

We considered using flumazenil, a non-specific competitive
antagonist of the benzodiazepine (BZD) receptor,8 to
reverse his overdose. However, its use remains highly
controversial, due to the risk of precipitating seizu res.?

Due to two reasons, we speculated that the 40mg
clonazepam was unlikely to be contributing to his coma at
four days post-ingestion. Firstly, clonazepam, a long-acting
BZD, has a half-life of 18-50 hours (up to date ref). Like any
other drug, after four half-lives, only 6.25 per cent of the
drug is left; resulting in a negligible therapeutic effect.’
Given our patient was relatively young with no liver
impairment, it would have taken approximately 72 hours
(18x4) to
phenobarbital is an inducer of CYP3A4, a liver enzyme that

reach less than 6.25 per cent. Secondly,
metabolizes benzodiazepines to a significant extent.® This
enhanced metabolism would have further reduced his
clonazepam level. Hence, there would have been minimal or
no clonazepam to contribute to his coma status at day 4 (96
hours) post-ingestion.

Based on the recent Extracorporeal Treatments in Poisoning
(EXTRIP) workgroup guidelines, our patient was suitable for
extracorporeal treatment.” He was in a prolonged coma
ventilation,

necessitating mechanical with persistently

elevated serum barbiturate concentrations. There have

been multiple case reports regarding successful
extracorporeal  treatment in severe barbiturate
. . .. 346914

intoxication.

Haemodialysis involves solute removal by diffusion whereas
haemofiltration uses convection with hydrostatic pressure
inducing plasma water filtration across the haemofilter.®
Haemoperfusion is ideal in the removal of lipid soluble or
highly
haemofiltration is highly effective for phenobarbital due to

protein  bound drugs.6 Haemodialysis and
its high-water solubility, low molecular weight and small
volume of distribution.® Its plasma clearance by high-flux
haemodialysis is 30 times that of hepatic clearance, and 10
215 Although the

estimated V4 was high at 347.02L, suggesting that there was

times that of activated charcoal clearance.

a higher concentration in tissues than in plasma, the other
factors mentioned above convinced us that extracorporeal
treatment was still feasible. Due to the high cost and lack of
availability with haemoperfusion, and our haemodialysis
machines having low-efficiency with low blood flow rates,
we opted for haemofiltration.

Given that haemofiltration removes low molecular weight
substances, we also compared the removal of other small
(BUN) and
creatinine. As illustrated in Table 2, they were measured

molecules such as Blood Urea Nitrogen

pre-haemofiltration, during, and after- dropping in a similar
fashion to his phenobarbital level (Figure 1).

Robert and Buckley’s systematic review16 of 94 publications
found no role for urine alkalinisation. This was echoed in
our case where 4 days of urine alkalinisation only decreased
the patient’s barbiturate levels by 6 per cent. The trial of
haemofiltration in our case significantly decreased
phenobarbital level by 26 per cent immediately post
haemofiltration and a total decrease of 69.8 per cent. This
stark contrast in elimination rates of the drugs from 69.8
per cent with haemofiltration and 6 per cent with urinary
alkalinsation confirms the superiority of extracorporeal
modalities in reducing coma duration.*

The clinical benefit of haemofiltration is evident in our

patient’s rapidly improved neurological function and
progressive drop in phenobarbital blood concentration in
association with 10 hours of haemofiltration (Figure 1 and
Table 1). Complications such as mechanical ventilation-
associated pneumonia, cardiorespiratory compromise and
pressure ulcers were also avoided/ minimised. In addition to
the clinical benefits, reduction in length of ICU stay would
also reduce overall healthcare costs. The value of
extracorporeal haemofiltration can be further extrapolated
to the treatment of other drug poisonings, although further

research is necessary.

Conclusion

Thus, our case illustrates a significant decrease in
phenobarbital blood levels with haemofiltration, where
initial supportive care was unsuccessful. This enhanced
elimination rate far exceeded endogenous elimination rates,
facilitating early recovery with no complications and also
decreasing ICU and hospital length of stay. Haemofiltration
appears a valuable therapeutic option in severe
phenobarbital intoxication, with further evaluation needed

to help determine Australian guidelines.
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Figure 1: Graph demonstrating phenobarbital elimination over time

Figure 1. Graph demonstrating phenobarbital elimination over time.
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Table 1: Timeline of the interventions and corresponding patient neurological progress

Day 0 Day1 Day 2 Day3 Day 4 Day5
3/15
5/15 (4 hours
GCS 3/15 3/15 3/15 3/15 into HF) 15/15
13/15 (19 hours
post HF)
Intubation Extubation

Intervention Forced alkaline diuresis

Hemofiltration

(HF)
119.7 (10 hours
Phenobarbital post HF)
level (mg/L) 172.9 162.4 49 (19 hours post
HF)

Table 2: Comparison of Creatinine, Urea, and Blood urea nitrogen levels with the intervention of haemofiltration

Time in relation to 4 hours 3 hours 1 day 2 days
haemofiltration (HF) Pre- HF into HF post HF post HF post HF
Cr (60-110mmol/L) 69 42 47 54 76
Ur2.8-8.1mmol/L 4.6 2.4 2.8 43 5.7

BUN (2.5-7.1mmol/L) 2.15 1.12 1.31 2.24 2.66




