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INTRODUCTION:  Intracranial  hypertension  that  is  not  responsive  to  other  therapies  can  be  managed
through  the  use of a  barbiturate  induced  coma.  Although  potentially  effective,  there  are  known  com-
plications  associated  with  this  treatment,  and  as such  it is typically  reserved  for  the  most  severe  cases.
One such  sequela  of  barbiturate  induced  coma  therapy  is refractory  hypokalemia  and  subsequent  rebound
hyperkalemia.
PRESENTATION  OF  CASE:  This  case  report  discusses  a patient  who  experienced  hypokalemia  during
pentobarbital  induced  coma  for  unmanageable  elevations  in  intracranial  pressure  and  was treated  con-
servatively  to avoid  rebound  hyperkalemia  depicting  successful  deployment  of permissive  hypokalemia.
DISCUSSION:  It is  vital  that  clinicians  understand  the  possible  adverse  effects  associated  with  barbitu-
entobarbital
hiopental
ypokalemia

rate  induced  coma  therapy,  and  that  a careful  balance  be  struck  between  hypokalemia  and  potassium
supplementation  to avoid  rebound  hyperkalemia.
CONCLUSION:  Given  that  the risk  of  rebound  hyperkalemia  is  of significant  concern  in patients  who
experience  hypokalemia  on  barbiturate  induced  coma  therapy,  permissive  hypokalemia  can  be  a  viable
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. Introduction

High-dose Barbiturates, and in particular pentobarbital have
een effective in controlling intracranial pressure (ICP) in patients
hat have undergone standard medical and surgical therapies with-
ut success [1]. Typical initial therapy for an elevated ICP should

nclude standard therapies such as mannitol, hypertonic saline,
ormothermia maintenance, hyperventilation, and elevation of
ead to a 30-degree angle in order to maintain a therapeutic tar-
et of <20 mmHg  ICP and >60 mmHg  cerebral perfusion pressure
CPP) [2]. Should the standard therapies fail, high-dose barbitu-
ates can be used as a second line approach to effectively manage
CP via several mechanisms including alterations in vascular tone,
uppression of metabolism, and inhibition of free radical mediated
ipid peroxidation [3]. The majority of current publications examine
he use of thiopental, including its effectiveness at reducing ICP as
ell as adverse effects associated with it. One such study conducted

eported that the vast majority of its participants experienced com-
lications associated with thiopental use. The study reported 87 %
f participants had hepatic dysfunction, 82 % had hypokalemia, 76

 had respiratory complications (8 % of whom developed acute res-
iratory distress syndrome), 55 % had infections, with the majority

ue to Staphylococcus aureus lower respiratory tract infections, 58

 had arterial hypotension, and 47 % had renal dysfunction [4]. One
f the most potentially life threatening of these complications is

∗ Corresponding author.
E-mail address: Mawad2@sgu.edu (M.  Awad).

ttps://doi.org/10.1016/j.ijscr.2020.05.032
210-2612/© 2020 The Author(s). Published by Elsevier Ltd on behalf of IJS Publishing Grou
rg/licenses/by/4.0/).
lowering  the  potassium  replacement  target  threshold  in such  patients.
shed  by  Elsevier  Ltd  on behalf  of IJS  Publishing  Group  Ltd.  This  is  an  open
le under  the CC  BY  license  (http://creativecommons.org/licenses/by/4.0/).

the development of severe refractory hypokalemia and a rebound
hyperkalemia due to excessive repletion. This case presentation
shows that with proper monitoring and management, the rebound
hyperkalemia may  be nullified. This work has been reported in line
with SCARE criteria [5].

2. Case presentation

A 36-year-old male pedestrian with no past medical history
according to family who  was  at bedside was struck by a vehi-
cle which was  reported by witnesses to be going approximately
50mph. The man  was reported to have been found by emergency
personnel approximately 75 feet from the impact site. He was
intubated on the scene and presented to the trauma bay with a
Glasgow coma scale (GCS) of 3 T. Computed tomography (CT) of the
brain showed evidence of traumatic brain injury including subdu-
ral, subarachnoid, intraparenchymal hemorrhages, and small areas
of hemorrhage in brainstem consistent with diffuse axonal injury
(Fig. 1).

Neurosurgery was immediately consulted and recommended
no surgical intervention at that time, the patient be placed on
mannitol for presumed increases in ICP, Levetiracetam for seizure
prophylaxis, continued ventilator for breathing, and that a repeat
head CT be done in 6 h.
The next morning (Day 1), a repeat head CT showed global cere-
bral edema and a new right frontal epidural hematoma. At that time
the patient met  criteria for invasive ICP monitoring and was  taken
to the operating room for device placement through a left frontal
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Table  1
Potassium concentration in relation to intracranial pressure and Pentobarbital infusion.

Day # Time Since Pentobarbital
Infusion Started

Time Since Pentobarbital
Infusion Cessation

Potassium Concentration
(mmol/L)

Intracranial
Pressure (mmHg)

0 – – 4.7 Unknown
1  – – 4.6−4.9 10−35
2  – – 4.4 15
3  2 h – 3.6 50
4  10 h – 3.6 22
4  22 h – 1.6 22
5  26 h Cessation Begun 1.8 15−20
5  30 h 4 h 2.6 15−20
5  38 h 12 h 4.8 15−20
6  50 h 24 h 4.5 15−20

Fig. 1. CT scan of head on admission showing subdural, subarachnoid, intrap-
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renchymal hemorrhages and small areas of brainstem hemorrhage.

urr hole. The ICP monitor was placed in the left frontal lobe with
n opening pressure of 35 mmHg  and within minutes of elevation
f the head of the bed, hyperventilation, and hypertonic saline infu-
ion had lowered to 10 mmHg  (goal <20 mmHg). The patient was
hen transferred back to the surgical intensive care unit for mon-
toring and care where his hypertonic saline was continued with

 goal sodium of 145−155. His Propofol was continued for pain
ontrol, and the patient was placed on norepinephrine, phenyle-
hrine, and vasopressin to maintain a CPP between 50−70 mmHg,
nd mean arterial pressures (MAP) >65.

On day 2, a repeat head CT showed no increase in intra or extra
xial collections, the vasopressors started to be weaned, the patient
ad a tracheostomy placed percutaneously for breathing via ven-
ilator, and his potassium was measured to be 4.4. The next day,
he patient was continued on norepinephrine and vasopressin to

aintain goal pressures and underwent a repeat head CT which
howed progressive ventricular widening and frontal pneumo-
ephalus (Fig. 2). The patient was given a bolus of pentobarbital
10 mg/kg over 30 min  followed by 15 mg/kg over 3 h) with a con-
inuous infusion started at 1 mg/kg titrated up to 3 mg/kg to achieve
urst suppression and placed on a video EEG to monitor brain activ-

ty during his induced coma. His ICP monitor was also adjusted by
he neurosurgery team due to a kink in the fiberoptic cable causing

uctuating ICP readings ranging from -4 to 50 mmHg, after adjust-
ent the ICP was reported to be steadily reading 50 mmHg  and the

atient was tachycardic and hypertensive.
Fig. 2. CT scan of head on day 3 showing progressive ventricular widening and
frontal pneumocephalus.

On day 4, his potassium 10 h after pentobarbital infusion was
started measured 3.6, the patient had an ICP of 22 with EEG show-
ing burst suppression, and the neurosurgery team recommended
keeping the patient in a pentobarbital induced coma for 5–7 days
through the maximal swelling period and slowly titrating it down
after that. 12 h after the last measurement of potassium, a repeat
study showed a potassium concentration of 1.6 mmol/L and the
patient was  given 8 doses of 20 mEq/h of potassium chloride.

The next day, 4 h after the previous potassium measurement,
potassium was  measured to be 1.6 and after potassium chloride
supplementation, serum potassium only increased to 1.8. Due to
fear of arrhythmia the pentobarbital was  titrated down over a
period of 12 h and replaced by increasingly high dose Midazolam
continuous infusion starting at 15 mg/hr and achieving burst sup-
pression at 50 mg/hr. The patient’s potassium concentration 12 h
after stopping the pentobarbitol infusion was 4.8 and has remained
between 3.6 and 4.8 for the remainder of his stay in the SICU (Table 1
and Graph 1 ). The patient was stable hereafter and later tran-
sitioned to propofol and fentanyl instead of the midazolam and
remained in the hospital with a GCS of 3 T for the total follow up
period of 30 days and was  later transferred to a long term acute
care facility still with a GCS of 3 T, in a persistent vegetative state.

3. Discussion
High-dose barbiturate induced coma therapy is known to be an
effective method in controlling elevated intracranial pressures that
are refractory to medical and surgical treatments. A review of bar-
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raph 1. Graphical depiction of potassium concentration in relation to Pentobarbi-
al infusion.

iturate coma therapy (BCT) in 92 semicomatose patients with a
lasgow Coma Scale (GCS) of 7 or less with elevated ICP refrac-

ory to typical therapy reported better outcomes of patients that
nderwent BCT therapy compared to a control group which did not
eceive BCT. At 3 months after insult a Glasgow outcome scale (GOS)
as reported and patients with BCT therapy had a good outcome,

efined as a GOS of 4 or 5, 27.5 % of the time compared with 5.8 % in
he control group (p < .01) [6]. Although, the use of BCT is indicated
nd useful in patients who experience an elevated ICP the threat
f severe and life threatening dyskalemia must be kept in mind
uring administration of high dose barbiturates. Potassium moni-
oring is vital in the setting of high-dose barbiturate use in order to
nsure that hypokalemia is recognized early and treated effectively
hile also not overtreating it to avoid rebound hyperkalemia. The

eading hypothesized mechanism for BCT induced hypokalemia
nd subsequent hyperkalemia revolves around neuronal voltage-
ependent potassium currents. The authors of leading research

n this field found that barbiturates reversibly inhibit neuronal
oltage-dependent potassium currents which leads to a decrease in
xtracellular potassium and increase of intracellular potassium in

 dose dependent manner [7]. This may  then be reversed upon ces-
ation of barbiturate therapy and subsequently lead to increased
xtracellular potassium if there has been rapid administration of
otassium supplementation. In a more recent case series examin-

ng the relationship between BCT and electrolyte abnormalities, the
ean potassium replacement during hypokalemia was higher in

atients who developed hyperkalemia compared to those who  did
ot 230 ± 135 mmol  versus 66 ± 70 mmol) [8]. The report suggested
hat a lower potassium replacement target threshold of 3.0 mmol/L

ight be appropriate in the absence of cardiac arrhythmias. Cur-
ent research is emerging that states other options for coma therapy

ay  be as effective for intracranial pressure control with lower risks
f dyskalemia. In one such study which analyzed 60 patients who
eceived coma therapy for increased intracranial pressures using
ither propofol or thiopental, propofol was less frequently asso-
iated with moderate to severe hypokalemia (K < 3.0 mmol/L) in
omparison to thiopental (13 % vs. 51.4 %, p = 0.003) and less fre-
uently associated with rebound hyperkalemia (K > 5.0 mmol/L)

ollowing cessation of infusion (8−4.3% vs 32.4 %, p = 0.010) [9].
ith careful monitoring of potassium concentrations, potassium

upplementation, titration of barbiturates, and use of other anal-
esics to achieve the desired coma therapy, patients stand to benefit
n both short term and long term outcomes.

. Conclusion
In anticipation of both hypokalemia and hyperkalemia this
atient’s potassium level was monitored often and repeatedly.
lthough the patient did develop hypokalemia, he did not develop
yperkalemia. This is owed to both careful use of potassium reple-
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[
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tion, ensuring that upon cessation the patient was  not inundated
with extracellular potassium, and a gradual titration of the pen-
tobarbital infusion in order to closely monitor potassium levels.
Although further research is needed examining the safety of lim-
iting potassium repletion and lowering the potassium target, this
case presentation has demonstrated that it is an effective deterrent
of rebound hyperkalemia. It is therefore recommended that clini-
cians are not only aware of this sequela associated with high dose
barbiturate use, but actively monitor potassium before, during, and
after barbiturate infusion. It is also recommended that potassium
repletion should not exceed a target threshold of 3.0 mmol/L in the
absence of cardiac arrhythmias. Future studies are needed to eval-
uate other means of correcting hypokalemia that will not result in
hyperkalemia upon barbiturate cessation.
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