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ranges between 82% and 89.4%1,18,19). A case series reported that 
34% of patients had rebound hyperkalemia after stopping thio-
pental coma therapy18). There have also been several reports of 
serious adverse events due to hypokalemia and rebound hyper-
kalemia16,25). Dyskalemia is life-threatening and a major obsta-
cle to barbiturate coma therapy.

Propofol has been demonstrated to be an effective drug for the 
regulation of ICP10,22). It decreases ICP in normal subjects and as 
well as in patients with an elevated ICP10). It reduces the cerebral 
metabolic rate by 40% in a dose-dependent fashion and decreas-
es cerebral blood flow by metabolism-flow coupling26,27). Propo-
fol is known to cause hypotension, hypertriglyceridemia, and 
propofol-related infusion syndrome (PRIS)13,20). Unlike thio-
pental, however, research has not fully evaluated the effect of 

INTRODUCTION

Barbiturates are widely used to control refractory intracrani-
al hypertension. They indirectly lower intracranial pressure 
(ICP) via a coupled reduction in cerebral metabolic rate of ox-
ygen (CMRO2) and cerebral blood flow. The maximum de-
crease (roughly 50%) in CMRO2 occurs when the electroen-
cephalographic readings become isoelectric2,17). Barbiturate 
therapy, however, is associated with adverse effects, including 
hypotension and immunosuppression24). Additionally, barbitu-
rates can induce hypokalemia after the induction of coma 
therapy and cause rebound hyperkalemia after the cessation of 
therapy4,16,19).

The incidence of hypokalemia after thiopental induction 
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Measurement
In all patients, serum potassium was measured before therapy. 

Serum potassium was measured with various intervals (3–8 h) 
during and after therapy. The same protocol was applied to both 
groups. The primary outcome in this study was the incidence of 
hypokalemia during thiopental or propofol continuous infusion. 
The secondary outcome was the incidence of hyperkalemia after 
the cessation of thiopental or propofol therapy.

Data collection
Electronic medical records were used to extract and analyze 

the following parameters : patient’s age, sex, past medical histo-
ry, duration and dose of both therapies, serum potassium level, 
ICP, Glasgow Coma Scale score prior to therapy, acute physiol-
ogy and chronic health evaluation II (APACHE II) score, light 
reflex prior to therapy, the length of ICU stay, ICU mortality, 
and duration of mechanical ventilation. Variables that possibly 
contributed to dyskalemia, including urine output, body tem-
perature, vasopressors, inotropes, insulin, mannitol, diuretics, 
and transfusion, were also extracted and analyzed.

Statistical analyses
Statistical analyses were performed using SPSS 19.0 (SPSS 

Inc., Chicago, IL, USA). All numerical data are summarized as 
the mean (standard deviation) or median (interquartile range). 
Categorical data were compared using the chi-square or Fisher’s 
exact test, if appropriate. Student’s t-test was used to compare 
continuous data. To determine risk factors for hypokalemia and 
rebound hyperkalemia, univariate analyses were performed 
and only variables with p<0.2 were entered into the binary lo-
gistic analysis with a forward stepwise condition. All tests were 
two-tailed; p<0.05 was considered statistically significant.

RESULTS

Seventy-one patients were admitted to the surgical ICU during 
the study period for coma therapy to control refractory intracra-
nial hypertension or for deep sedation to prevent a further in-
crease in ICP. A total of 11 patients without ICP monitoring were 
excluded; thus, 60 patients were included in this study. Thiopen-
tal was used in 37 patients and propofol was used in 23 patients. 

There were no statistically significant differences between the 
two patient groups with respect to age, sex, weight, APACHE II 
score, neurologic status before therapy, ICP before therapy, and 
the number of patients having refractory intracranial hyperten-
sion (Table 1). A total of 23 (62.2%) patients in the thiopental 
group had a vascular problem and 15 (65.2%) patients in the 
propofol group had a tumor. 

Changes in serum potassium during and after 
thiopental or propofol continuous infusion

The overall changes in serum potassium level during thiopen-
tal or propofol continuous infusion are shown in Fig. 1. The ini-

propofol continuous infusion on serum potassium levels, espe-
cially when used for the regulation of ICP. 

The aim of this study was to determine the effect of thiopen-
tal and propofol continuous infusion on serum potassium lev-
els when used for ICP control.

MATERIALS AND METHODS

This retrospective study was approved by the Institutional Re-
view Board of Seoul National University Hospital (IRB no. 
H-1307-047-504) and was in accordance with the Declaration 
of Helsinki. Patients who were consecutively admitted to the 
surgical intensive care unit (ICU) to receive coma therapy for 
the treatment of refractory intracranial hypertension or deep 
sedation for the prevention of a further increase in ICP from 
January 2010 to January 2012 were included. Patients without 
ICP monitoring were excluded from the analysis.

Group assignment
In this study, head elevation, deep sedation, analgesia, use of 

osmotic agents, and cerebrospinal fluid drainage were used as 
the first-tier methods to control ICP in patients with elevated 
ICP. Coma therapy was used when the first-tier therapies failed 
to reduce ICP to 25 mm Hg.

The patients received one of two regimens for the regulation 
of ICP, including thiopental (n=37) or propofol (n=23). In 
those using thiopental continuous infusions, a loading dose 
(250 mg) was administrated for about 30 min, followed by a 
continuous infusion of 3–7 mg/kg/h. In those using propofol 
continuous infusions, a loading dose (100–150 mg) was admin-
istrated for about 30 min, followed by a continuous infusion of 
3–7 mg/kg/h. During both treatments, the cerebral perfusion 
pressure was maintained at 60–80 mm Hg. Once no further in-
creases in ICP from baseline were detected for 9–18 h in pa-
tients with a baseline ICP of <25 mm Hg, in whom deep seda-
tion was needed for ICP control, or if the ICP decreased to ≤24 
mm Hg and the decrease in ICP was maintained for 24–36 h in 
patients with refractory intracranial hypertension, both treat-
ments were slowly weaned over 3–12 h.

Definition
Hypokalemia (defined as a serum potassium level <3.5 mmol/

L) was managed by potassium replacement (target serum po-
tassium >3.0 mmol/L), while hyperkalemia (defined as a serum 
potassium level >5.0 mmol/L) was managed with conservative 
methods such as sodium bicarbonate, insulin, and diuretics. 
Mild hypokalemia was defined as a serum potassium level of 
3.0–3.5 mmol/L. Moderate hypokalemia was defined as a se-
rum potassium level of 2.5–3.0 mmol/L and severe hypokale-
mia was defined as a level less than 2.5 mmol/L. Hypothermia 
was defined as a core temperature <35°C. Refractory intracra-
nial hypertension was defined as ICP >25 mm Hg despite the 
use of first-tier therapies for ICP control.
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Clinical outcomes
Clinical outcomes such as ICU mortality, duration of the 

ICU stay, and the duration of mechanical ventilation were simi-
lar in both groups (Table 3). 

Factors associated with hypokalemia or hyperkalemia
Based on a univariate analysis, only urine output [odds ratio, 

95% confidence interval, 2.31 (1.06–5.02); p=0.035] was associ-
ated with hypokalemia during continuous infusion. Thiopental 
and refractory intracranial hypertension were associated with 
moderate to severe hypokalemia during continuous infusion in 
univariate analysis (Table 4). Only thiopental [odds ratio, 95% 
confidence interval, 7.04 (1.78–27.81); p=0.005] was predictive 
of moderate to severe hypokalemia in binary logistic regression 
analysis after adjusting for the type of injury, refractory intracra-
nial hypertension, beta agonist, hypothermia. A univariate analy-
sis for rebound hyperkalemia development after stopping con-
tinuous infusion is shown in Table 5. According to a binary 

tial serum potassium level prior to therapy (3.9±0.6 mmol/L vs. 
3.9±0.5 mmol/L, p=0.800), total dose administered (5.3±1.5  
mg/kg/h vs. 5.3±1.8 mg/kg/h), and therapy duration (60.2±46.3 
h vs. 44.1±32.3 h, p=0.150) were comparable between thiopen-
tal and propofol group. A total of 11 patients had initial serum 
potassium level less than 3.5 mmol/L (8 in thiopental group vs. 
3 in propofol group, p=0.506). The incidence of hypokalemia 
following the induction of therapy was not significantly differed 
in the thiopental group and propofol group (Table 2). Mean-
while, the incidence of moderate to severe hypokalemia follow-
ing the induction of therapy was significantly higher in the 
thiopental group than in the propofol group (51.4% vs. 13.0%, 
p=0.003). The average lowest serum potassium level was lower 
in the thiopental group than in the propofol group (2.9±0.6 
mmol/L vs. 3.2±0.4 mmol/L, p=0.020). Also, the average lowest 
potassium level in patients showing hypokalemia was lower in 
the thiopental group than in the propofol group (p=0.009). The 
time to the lowest serum potassium concentration was 21.7± 
13.4 h in thiopental group and 15.2±12.9 h in propofol group. 
The patients in the thiopental group required greater potassium 
replacement than the propofol group patients (p<0.001).

When therapy was discontinued, the serum potassium levels 
were 3.5±0.8 mmol/L in the thiopental group and 3.6±0.5 mmol/
L in the propofol group (Fig. 2). After continuous infusion was 
stopped, twelve patients in the thiopental group and one patient 
in propofol group experienced rebound hyperkalemia (p=0.010) 
(Table 2). Two patients in the thiopental group suffered from 
ventricular fibrillation (potassium level 8.4 mmol/L) and non-
sustained ventricular tachycardia (potassium level 7.4 mmol/L) 
due to hyperkalemia. The average peak serum potassium level 
was higher in the thiopental group than in the propofol group 
(4.8±1.1 mmol/L vs. 4.2±1.1 mmol/L, p=0.038). But, the average 
peak serum potassium level in patients showing hyperkalemia 
was comparable in both groups. The time to the peak serum po-
tassium concentration was 39.3±24.8 h in thiopental group.

Table 1. Characteristics of patients

Thiopental (n=37) Propofol (n=23) p value
Age [yr, mean (range)]     54 (19–82)    51 (19–82) 0.378
Sex (M)     20 (54.1%)    13 (56.5%) 0.852
Weight (kg)  60.9 (1.7) 61.9 (2.2) 0.712
Type of injury (n) 0.001
    Trauma       7 (18.9%)       3 (13.0%)
    Tumor       7 (18.9%)     15 (65.2%)
    Vascular     23 (62.2%)       5 (21.7%)
APACHE II score 23.2±5.2 22.6±5.9 0.683
Craniectomy (n)     13 (35.1%)     10 (43.5%) 0.590
Decompressive lobectomy (n)       2 (5.4%)       1 (4.3%) >0.999
GCS before therapy [median (IQR)]       3 (3–4)       3 (3–3) 0.014
No light reflex (n)     10 (27.0%)       6 (26.1%) >0.999
ICP before therapy (mm Hg)  21.7 (15.4)  19.6 (21.5) 0.665
Refractory intracranial hypertension (n)     11 (29.7%)       4 (17.4%) 0.443

Data are presented as number (proportion) or mean (standard deviation) or median (IQR). IQR : interquartile range, APACHE : acute physiology and chronic health evalu-
ation, GCS : Glasgow Coma Scale, ICP : intracranial pressure

Fig. 1. Mean (standard deviation) serum potassium against time after 
induction of thiopental or propofol continuous infusion.
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In a recent study, the incidence of hypokalemia was 7.5% in pa-
tients admitted to an ICU after brain surgery5), whereas the inci-
dence of hypokalemia was 80–90% in patients receiving thiopen-
tal coma therapy19,24). In the present study, hypokalemia developed 
in 89.2% of patients receiving thiopental therapy which was com-
parable with what has been previously reported. Interestingly, 
this study showed similar incidence of hypokalemia in thio-
pental and propofol-infused patients. However, the incidence 
of moderate to severe hypokalemia was lower in propofol-in-
fused patients than in thiopental-infused patients. 

Propofol has been demonstrated to be an effective drug for the 
regulation of ICP10,22). It has a short elimination half-life of <1 h 
and permits frequent and rapid titration. Also, propofol offers 
faster, more predictable awakenings, and earlier extubation than 
thiopental or other sedative agents7,9). Thus, it may be a useful 

logistic regression analysis, thiopental [8.82 (1.00–77.81); 
p=0.049] and duration of continuous infusion [1.02 (1.00–1.04); 
p=0.016] were associated with rebound hyperkalemia after ad-
justing for the type of injury, the amount of potassium replaced 
during the therapy, beta agonist, mannitol, hypothermia.

DISCUSSION

The present study demonstrates that the incidence of hypo-
kalemia was similar in patients receiving thiopental continuous 
infusion and in patients receiving propofol continuous infu-
sion. However, the incidence of moderate to severe hypokale-
mia and rebound hyperkalemia were significantly higher in the 
thiopental group patients. Only thiopental was associated with 
moderate to severe hypokalemia and rebound hyperkalemia.

Table 2. Serum potassium change during and after thiopental or propofol continuous infusion

Thiopental (n=37) Propofol (n=23) p value
During therapy
    Baseline serum potassium (mmol/L)   3.9 (0.6)   3.9 (0.5) 0.800
    Hypokalemia (K<3.5 mmol/L, n)    33 (89.2%)    19 (82.6%) 0.468
        Severity (n)
            Mild (3.0≤K<3.5 mmol/L)    14 (37.8%)    16 (69.6%) 0.034
            Moderate (2.5≤K<3.0 mmol/L)    11 (29.7%)      2 (8.7%) 0.105
            Severe (K<2.5 mmol/L)       8 (21.6%)      1 (4.3%) 0.134
        Onset (h) 13.3 (11.2) 15.2 (12.9) 0.583
        Lowest level of potassium (mmol/L)   2.8 (0.5)   3.1 (0.4) 0.009
    Total potassium replaced (mEq/kg/h) 0.08 (0.04) 0.02 (0.01) <0.001
After therapy
    Serum potassium when therapy ceased (mmol/L)   3.5 (0.8)   3.6 (0.5) 0.878
    Hyperkalemia (K>5.0 mmol/L, n)    12 (32.4%)      1 (4.3%) 0.011
        Severity (n)
            Mild (5.0<K≤6.0 mmol/L)       7 (19.9%)      0 (0%) 0.037
            Moderate (6.0<K≤8.0 mmol/L)       4 (10.8%)      1 (4.3%) 0.640
            Severe (K>8.0 mmol/L)       1 (2.7%)      0 (0%) >0.999
        Onset (h) 26.0 (27.3)      6 0.497
        Highest level of potassium (mmol/L)   6.1 (1.1)   6.2 0.907

Data are presented as number (proportion) or mean (standard deviation) 

Fig. 2. Mean (standard deviation) serum potassium against time after cessation of thiopental or propofol continuous infusion.
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Table 3. Clinical outcomes of patients receiving thiopental or propofol continuous infusion for intracranial pressure regulation

Thiopental (n=37) Propofol (n=23) p value
Mechanical ventilation duration (d) 12.2 (14.5) 10.1 (20.1) 0.634
Tracheostomy (n)        14 (37.8%)          4 (17.4%) 0.093
ICU mortality (n)        11 (29.7%)          4 (17.4%) 0.283
Duration of ICU stay [d, median (IQR)]         10.4 (6.7–22.9)           8.7 (4.9–12.8) 0.345

Data are presented as number (proportion) or mean (standard deviation) or median (IQR). IQR : interquartile range, ICU : intensive care unit

Table 4. Comparison of variables associated with moderate to severe hypokalemia during thiopental or propofol continuous infusion

 
Moderate to severe hypokalemia Univariate analysis
Yes (n=22) No (n=38) OR 95% CI p value

Drug (n)
    Thiopental    19 (86.4%)    18 (47.4%) 7.04 1.78–27.81 0.005
    Propofol      3 (13.6%)    20 (52.6%)
Type of injury (n) 0.080
    Trauma      4 (18.2%)      6 (15.8%)
    Tumor      4 (18.2%)    18 (47.4%) 0.33 0.06–1.76 0.196
    Vascular    14 (63.6%)    14 (36.8%) 1.50 0.35–6.50 0.588
Renal disease (n)      2 (9.1%)      1 (2.6%) 0.27 0.02–3.17 0.999
GCS before therapy   3.6 (1.2)   3.4 (1.1) 0.83 0.52–1.32 0.421
ICP before therapy (mm Hg) 23.9 (14.1) 19.2 (19.7) 1.01 0.99–1.05 0.340
Refractory intracranial hypertension (n)      9 (40.9%)      6 (15.8%) 3.69   1.09–12.48 0.035
K level before therapy (mEq)   3.9 (0.6)   3.9 (0.5) 1.14 0.41–3.14 0.800
RBC transfusion (n)      8 (36.4%)    12 (31.6%) 0.81 0.27–2.44 0.705
Urine output (mL/kg/h)   4.6 (1.9)   4.3 (2.0) 1.09 0.83–1.42 0.535
Beta agonist (n)    16 (72.7%)    20 (52.6%) 2.40 0.77–7.46 0.130
Insulin (n)      1 (4.5%)      5 (13.2%) 0.31 0.03–2.88 0.306
Mannitol (n)    10 (45.5%)    15 (39.5%) 1.28 0.44–3.70 0.651
Hypothermia (n)    16 (72.7%)    20 (52.6%) 0.42 0.13–1.30 0.130

Data are presented as number (proportion) or mean (standard deviation). OR : odds ratio, CI : confidence interval, GCS : Glasgow Coma Scale, ICP : intracranial pres-
sure, RBC : red blood cell

Table 5. Comparison of variables associated with hyperkalemia development after cessation of thiopental or propofol continuous infusion

Hyperkalemia Univariate analysis
Yes (n=13) No (n=47) OR 95% CI p value

Drug (n)
    Thiopental    12 (92.3%)    25 (53.2%) 10.56 1.27–87.88 0.029
    Propofol      1 (7.7%)    22 (46.8%)
Type of injury (n) 0.109
    Trauma      3 (23.1%)      7 (14.9%)
    Tumor      1 (7.7%)    21 (44.7%) 0.91 0.19–4.34 0.900
    Vascular      9 (69.2%)    19 (40.4%) 0.10 0.01–0.87 0.037
Duration of therapy (h) 86.8 (64.2) 45.0 (28.2) 1.02 1.01–1.04 0.005
Renal disease (n)      1 (7.7%)      2 (4.3%) 0.53 0.05–6.39 0.620
Refractory intracranial hypertension (n)      4 (30.8%)    11 (23.4%) 1.46 0.37–5.65 0.589
K level after stopping the therapy (mmol)   3.5 (1.2)   3.6 (0.5) 0.80 0.32–2.00 0.633
K replace during the therapy (mmol/kg/h) 0.07 (0.03) 0.05 (0.05) 2.57 0.07–9.41 0.114
RBC transfusion (n)      4 (30.8%)    16 (34.0%) 1.16 0.31–4.36 0.825
Urine output (mL/kg/h)   3.8 (1.2)   4.5 (2.1) 0.79 0.54–1.16 0.226
Beta agonist (n)    10 (76.9%)    26 (55.3%) 2.69   0.66–11.06 0.169
Insulin (n)      1 (7.7%)      5 (10.6%) 0.70 0.07–6.58 0.755
Mannitol (n)      3 (23.1%)    22 (46.8%) 0.34 0.08–1.40 0.135
Hypothermia (n)    10 (76.9%)    26 (55.3%) 0.37 0.09–1.53 0.169

Data are presented as number (proportion) or mean (standard deviation). OR : odds ratio, CI : confidence interval, RBC : red blood cell
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therapy4,19). In the previous studies, rebound hyperkalemia oc-
curred within 6 h with sudden cessation, but occurred 31 h af-
ter cessation with gradual weaning of over 12–24 h4,19). It is be-
lieved that the intracellular accumulation of potassium during 
thiopental therapy causes rebound hyperkalemia after the ces-
sation of therapy11). Our study showed that the incidence of re-
bound hyperkalemia was significantly higher in thiopental-in-
fused patients than in propofol-infused patients. Thiopental 
and the duration of therapy were significant predictors of re-
bound hyperkalemia after the cessation of therapy. 

Dyskalemia associated with barbiturates can be life-threaten-
ing4,16,18). Both hypokalemia and hyperkalemia are potentially 
fatal. In this study, one patient in the thiopental group suffered 
from ventricular fibrillation and another patient suffered from 
non-sustained ventricular tachycardia caused by rebound hy-
perkalemia. When thiopental is used to control ICP, clinicians 
should be aware of dyskalemia associated with barbiturate ther-
apy, and serum potassium levels should be closely monitored.

There were several limitations to this study. Since this study 
was performed retrospectively, data collection was a limitation. 
The sample size was small. The type of surgery was also hetero-
geneous. But, our results showed that the type of surgery was 
not associated with hypokalemia development on the binary lo-
gistic analysis. In this study, we focused on serum potassium 
disturbances during and after the infusion of thiopental or pro-
pofol instead of clinical outcomes, because patients with refrac-
tory intracranial hypertension as well as patients with a baseline 
ICP of <25 mm Hg were included in the inclusion criteria.

CONCLUSION

When continuous infusion was used to control intracranial 
pressure, propofol was less frequently associated with moderate 
to severe hypokalemia after induction and rebound hyperkale-
mia after cessation of therapy than thiopental. Whenever thio-
pental is used to control intracranial hypertension, serum po-
tassium levels should be closely monitored with at least 6-h 
intervals.
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agent for serial neurological examinations in patients with intra-
cranial hypertension. However, the effect of propofol administra-
tion on serum potassium levels has not been widely researched, 
and results are inconsistent. For example, a previous study re-
ported that the serum potassium level fell by 0.04 mmol/L at 5 
min after induction with a propofol bolus injection (2.5 mg/
kg), but recovered to the pre-induction level within 10 min15). 
In contrast, a previous case report showed that a sudden cardi-
ac arrest due to hyperkalemia occurred after propofol single ad-
ministration14). Hyperkalemia has been reported as one of clini-
cal manifestations in PRIS patients12,28). PRIS is commonly 
associated with rhabdomyolysis, and hyperkalemia may have 
been due to rhabdomyolysis12). Propofol can decrease beta-ad-
renoceptor responsiveness29). Therefore, it may block the effect 
of beta agonists on the intracellular potassium shift. In this 
study, when propofol was continuously administered for ICP 
control, hypokalemia was common but the severity was low. 
We think that other factors rather than propofol caused hypo-
kalemia in propofol continuous infusion group.

There are several possible causes of hypokalemia in neurosur-
gical patients. First, it is well known that hypokalemia is related 
to the sympathetic stress response and catecholamine surge in 
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refractory intracranial hypertension was associated with mod-
erate to severe hypokalemia in univariate analysis, although it 
was not an independent factor on binary logistic analysis. Sec-
ond, hypokalemia can be induced by urinary potassium loss 
due to mannitol, diuretics or central diabetes insipidus. Our re-
sults also showed that urine output during continuous therapy 
was associated with hypokalemia. Urinary potassium loss and 
its combination with thiopental infusion can result in more se-
vere hypokalemia. Third, vasopressor therapy, an insulin infu-
sion, and hypothermia can also cause hypokalemia. But, these 
confounding variables were not associated with hypokalemia in 
this study.

In the present study, patients receiving thiopental had greater 
potassium supplementation than those receiving propofol dur-
ing the infusion therapies. However, the lowest serum potassi-
um level was still significantly lower in patients receiving thio-
pental and the incidence of moderate to severe hypokalemia 
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association between thiopental and hypokalemia. There are sev-
eral mechanisms that may explain the hypokalemia develop-
ment in patients receiving thiopental continuous infusion. First, 
thiopental inhibits the voltage-dependent potassium current via 
sodium/potassium ATPase activity and induces the intracellular 
sequestration of potassium8). Second, thiopental inhibits phos-
phofructokinase and reduces the intracellular production of py-
ruvate and lactate, thereby increasing the intracellular pH and 
inducing an extracellular to intracellular potassium shift6). 
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