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ABSTRACT 

Background: Urinary alkalinization and multiple-dose activated charcoal are 
modalities advocated for  the enhancement ofphenobarbital elimination in poisoned 
patients. However, no studies exist comparing the eficacy of these two means of 
elimination enhancement. We compared their effects on the pharmacokinetic 
disposition of intravenously administered phenobarbital. Methods: Ten healthy 
volunteers participated in each of three randomly ordered study phases. During 
each phase, 5 mg of intravenous phenobarbital per kilogram of body weight was 
administered. During phase I ,  no interventions were made in attempt to enhance 
phenobarbital elimination. In phase I I ,  participants underwent 24 hours of urinary 
alkalinization. nroughout phase Ill, volunteers received six doses of activated 
charcoal and two doses of sorbitol over 24 hours. Results: The phenobarbital 
elimination half-life was 148 hours, 47 hours and 19 hours during the control, 
alkalinization and charcoal phases, respectively. Stitistically significant 
di&-ences in the elimination of phenobarbital were detected when each of the 
following phases were compared: I vs 11, I vs 111 and I1 vs Il l .  Conclusions: Both 
urinary alkalinization and multiple doses of activated charcoal are effective for  the 
enhancement ofphenobarbital elimination but multiple-dose charcoal was superior 
to urinary alkalinization in our study population. 
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INTRODUCTION 

In recent years, the incidence of barbiturate 
exposures has declined, possibly due to the 
development and use of safer and more efficacious 
agents. Nevertheless, a significant number of 
poisonings are still being reported to poison centers 
annually. The specific symptoms associated with 
phenobarbital sodium (PB) toxicity have been well 
described in the literature. Severe and potentially 
fatal cardiovascular, respiratory and central nervous 
system depression may develop following a 
significant Even patients with a mild or 
moderate magnitude of poisoning may have a 
prolonged hospital course secondary to the long half 
life of PB, which ranges from 37 to 126 h.' In an 
attempt to shorten the duration of the toxic 
manifestations several modalities are currently 
advocated to enhance the elimination of PB including 
the administration of multiple doses of activated 
charcoal (MDAC) and urinary alkalinization (UA). 

In the past, forced diuresis and forced alkaline 
diuresis were included in treatment algorithms for 
PB intoxication. Purportedly, the induction of 
enhanced diuresis decreased the time the drug was 
present in the renal tubule. Shortening the retention 
time in the renal tubule reduced the potential for the 
drug to diffuse back into the central circulation and 
subsequently increased its elimination rate. IV fluid 
administration geared to maintain a urine flow rate 
of up to 10 mL/min had been rec~mmended.~  
Although forced diuresis did induce an increase in 
PB elimination, its use resulted in a variety of 
adverse effects from fluid overload; the most 
troubling of which was pulmonary ed13rna.~?~-*' 
Consequently, methods which utilize the adminis- 
tration of high volume loads to increase urine flow 
(i.e. forced diuresis and forced alkaline diuresis) are 
no longer recommended. 

Most studies characterizing the enhancement of 
PB elimination have focused their evaluation on the 
efficacy of forced diuresis in the presence or absence 
of ~ ~ . 3 , 6 , 7 , 9 - 1 1  Large, well controlled trials 
involving UA without forced diuresis are non- 
existent. Nevertheless, the current guidelines for the 
management of the PB poisoned patient advocate UA 
as standard therapy. 

Phenobarbital, a weak acid with a pKa of 7.24, is 
amenable to elimination enhancement by UA due to 

a pH-modified increase in the ratio of ionized to 
nonionized drug. Since ionized molecules will not 
traverse biological membranes easily, this form of 
PB is "trapped" within the renal tubule and 
subsequently eliminated in greater quantities. This 
mechanism of elimination enhancement is most 
effective for those compounds possessing a small 
volume of distribution, which are primarily 
eliminated renally, and have a pKa within a narrow 
range amenable to the mani uiation of urine pH 
within a physiologic range. p3 Theoretically then, 
UA without forced diuresis should enhance pheno- 
barbital elimination. In fact, it has been postulated 
that UA without forced diuresis may actually be 
more effective than with forced diuresis, since UA is 
more easily accomplished without concomitant 
urinary dilution.* Other than one anecdotal report, 
no literature is available to support these theories. l 3  

In contrast, several well designed clinical trials 
have described the effectiveness of administering 
MDAC to enhance the elimination of oral and IV 
administered PB. 14-20 MDAC regimens are believed 
to facilitate the elimination of PB by enhancing its 
movement down a concentration gradient from the 
systemic circulation into the gastrointestinal tract, 
whereupon it is adsorbed to charcoal and subse- 
quently eliminated in the feces. The apparent 
efficacy and relative safety of MDAC regimens have 
forced a reevaluation of the role of UA in the 
management of PB toxicity. l 2  

Controlled pharmacokinetic studies comparing UA 
to MDAC relative to the disposition of PB are 
currently nonexistent. Our objective, therefore, was 
to compare these frequently used modalities in an 
attempt to ascertain relative effectiveness of one 
method over another. 

METHODS 

Study Design 

Twelve healthy volunteers, six males and six 
females, ranging in age from 24 to 40 y were 
enrolled. The study was approved by the 
Institutional Review Board and informed consent was 
obtained from all volunteers prior to enrollment in 
the study. Those potential subjects who were 
smokers, pregnant, on chronic medications, or those 
who had ingested medications or alcohol within 72 
h prior to the study period were excluded. 
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At the beginning of each study phase, following a 
six hour fast, 5 mg/kg of PB was administered IV 
over 60 min. During the control phase (Phase I), 
volunteers received only IV PB with no attempt at 
any elimination enhancement modality. In the UA 
phase (Phase 11), the study subjects received PB 
followed by the administration of a sodium 
bicarbonate bolus (1 mEq/kg IV) beginning 30 min 
after the completion of the PB infusion. Immediately 
following the bicarbonate bolus a maintenance 
infusion of 100 mEq sodium bicarbonate in lo00 mL 
of 5% dextrose in water was initiated at a rate of 2.5 
mL/min and was thereafter titrated to maintain the 
pH of the subject’s urine between 7.5 and 8.0. 
Urine pH was measured hourly. The sodium 
bicarbonate infusion was reduced hourly in 10 mL/h 
increments for a urine pH greater than 8.0 and was 
increased hourly in 10 mL/h increments for a urine 
pH less than 7.5. Twenty mmol potassium chloride 
were added to the initial bicarbonate infusion. 
Serum electrolytes and venous blood gases were 
evaluated every four hours throughout this 24-hour 
study phase. Serum pH was monitored to ensure 
that it remained between 7.35 and 7.55. No sodium 
bicarbonate titration was made based on the serum 
pH. During phase 111, PB administration was 
followed 30 min later by an initial dose of 50 g 
activated charcoal (Paddock Laboratories, Inc.) 
mixed with 50 g 70% sorbitol. Subsequent activated 
charcoal dosing consisted of 25 g of the aqueous 
suspension given every four hours with 25 g of 70% 
sorbitol added to the charcoal slurry every 12 h. 
Each study phase was separated by a minimum of 
one week. 

h a y  
Five mL of blood for determination of PB serum 

concentration was collected via an intermittent IV 
catheter, prior to and 1, 2,  4, 6, 8, 10, 12, 18 and 
24 h after the initiation of the PB infusion in each 
study phase. The serum PB concentrations were 
measured in duplicate using fluorescence polarization 
immunoassay ( T D P ,  Abbott Laboratories, Abbott 
Park, IL). Sensitivity, defined as the lowest 
measurable phenobarbital concentration which can be 
distinguished from zero with a 95% confidence 
interval was determined to be 1.1 pg/mL. The assay 
was accurate to determine phenobarbital levels to a 
maximum of 80.0 pglmL. Accuracy was ensured by 

comparing the assay used in our study to a 
commercially available method and HPLC by 
evaluating samples from patients on phenobarbital 
therapy. 

Pharmacokinetic Calculations 

The elimination of PB is well defined by a two- 
compartment model. For the assessment of PB 
elimination parameters, we evaluated the beta- 
elimination phase of the individual plasma 
concentration vs time curves (range 2 to 24 h). The 
time zero and one hour serum levels were not used 
in the pharmacokinetic characterizations since we 
were not interested in the distribution of PB. The 
volume of distribution (vd), elimination rate constant 
(Kd, elimination half-life (t Ih), and total clearance 
(ClT) of PB were determined for each participant in 
each study phase. The volume of distribution was 
calculated using the equation dose/@ serum PB 
concentration (extrapolated). Half-life was 
calculated from the equation 0.693/Ke where K, was 
determined from the difference in the natural logs of 
the PB concentration points divided by the time 
interval between the points. Total clearance was 
determined by dividing the dose by area under the 
curve (AUC), where AUC was calculated using the 
trapezoidal rule. 

Statistical Analysis 

The paired differences between phases I and 11, I1 
and 111, and I and I11 were evaluated by the 
Wilcoxon Signed Rank Test. Differences between 
the phases were considered statistically significant if 
p < 0.05. 

RESULTS 

Ten of the 12 enrolled subjects completed all three 
study phases in a random order, crossover design. 
Two volunteers were eliminated from the study 
protocol due to an inability to maintain 24 h IV 
access in Phase 11. 

The mean vd,  K,, tlh and c1T of PB following 
each study phase are given in Table 1. The 
differences in standard error and probability values 
of the results are shown in Table 2, The V, of PB 
was comparable in all three study phases. 
Contrarily, statistically significant differences in the 
K,, tlh and C1, of IV administered PB were detected 
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Table 1 

Phannacokinetics of Phenobarbital Following Each Study Phase (n = 10) 

Phase PB PB + NaHCO, PB + MDAC 

v, (L/kg)* 0.55 L 0.37 0.55 t 0.28 0.54 L 0.33 
K, @-'I* 0.007 0.019 0.016 5 0.01 1 0.039 L 0.030 
$2 01)* 148.1 332.1 47.24 & 42.04 18.87_+ 14.70 
Total body clearance (mL/kg/h)* 2.79 +- 9.69 8.29 8.62 19.95 L 11.55 

*Mean results f one standard deviation reported. 

Table 2 

Direrences in Standard Error Between Study Phases (n = 10) 

I vs I1 I vs 111 I1 vs I11 

v, ( L W *  2.891 
p = 0.834 

p = 0.017 

p = 0.013 

K, of')* 0.002 

t'h (h)* 0.23 1 

Total body clearance (mL/kg/h)* 0.071 
p = 0,001 

3.08 1 
p = 0.736 

0.004 
p = 0.005 

0.253 
p = 0.005 

0.086 
p < 0.0005 

2.071 
p = 0.833 

0.004 
p = 0.005 

0.149 
p = 0.005 

0.096 
p < 0.0005 

*Mean results reported. 

when these parameters were compared following all 
three study phases (i.e. I vs 11, I vs 111, and I1 vs 
111). The K, for PB in phases I ,  I1 and 111 was 0.007 
h-', 0.016 h-' and 0.039 h-', respectively. 
Statistically significant differences in PB elimination 
were detected when all three study phases were 
compared (i.e. I vs 11, I1 vs 111 and I vs 111). UA 
and MDAC were both effective at enhancing PB 
elimination when compared to control. However, 
MDAC was significantly more effective than UA for 
the enhancement of PB elimination as depicted in 
Figures 1 and 2. 

Similar trends were detected when the c1T and tlh 
of PB were evaluated. The phenobarbital tlh was 
148 h, 47 h and 19 h in phases I, I1 and 111, 
respectively. Again, UA and MDAC were both 

effective in the enhancement of PB elimination when 
compared to control, however MDAC was more 
effective than UA when compared to each other (ie, 
I1 vs 111). The c1T of PB throughout the study 
followed the same trend as shown in Table 1. 

In summary, UA and MDAC were both effective 
at increasing PB elimination when compared to 
control. However, MDAC was significantly more 
effective when compared to UA for the enhancement 
of PB elimination. 

DISCUSSION 

Since PB poisoning is associated with a relatively 
low mortality rate, it is logical to question the need 
for such interventions as MDAC and UA. These 
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++-ID MDAL 

UA 

control 

I j I I I I 

-0.10 -0.08 -0.06 -0.04 -0.02 0.00 

elimination constant 

Figure 1. Phenobarbital elimination constant. 

modalities have shortened the duration of symptoms 
by directly accelerating the declination of the serum 
level and theoretically should result in a shortened 
period of hospitalization. However, definitive 
improvement in mortality rates and shortened 
hospital stays have not been documented. 
Regardless, it seems rational to increase the 
elimination of serum PB if such a maneuver can be 
proven both safe and effective. It also appears 
unethical to allow an exceedingly high PB serum 
level or, for that matter, a patient with moderate to 
severe symptoms related to these high levels to 
remain untreated when effective modalities for 
reducing the serum concentration exist. MDAC 
appear to be the most effective means of 
accomplishing this goal. 

MDAC is one of the more common modalities 
recommended for the management of a wide variety 
of poisoned patients. Our results are consistent with 
reports of previous efficacy studies related to the use 
of MDAC regimens specifically for PB intoxication. 
We noted a reduction in the plasma half-life from 
148 h to 19 h (an 87% reduction) with the admin- 
istration of MDAC. Berg ef all5 evaluated the 
effects of MDAC in six volunteers who received IV 
PB. A reduction in the PB half-life from 110 h 
(control) to 46 h following the administration of 180 
g of charcoal in divided doses was reported. Pond 
et uZ.19 found a decrease in the half-life of PB from 
93 h to 36 h when a single dose of charcoal was 
compared to the administration of multiple doses of 
charcoal in comatose patients. Neuvonen ef al. l6 

reported similar results when the pharmacokinetic 
disposition of PB with and without MDAC was 
evaluated. Phenobarbital half-life decreased from 
110 h to 19.8 h following the administration of five 
doses of charcoal totaling 118 g. Additional studies 
and case reports have documented similar 

UA has also been included in the treatment 
algorithms for the management of PB poisoned 
patients. Although many references still include this 
procedure as part of their treatment protocol, data 
supporting this recommendation are virtually non- 
existent. As stated previously, several case reports 
attempt to document the effectiveness of forced 
alkaline diuresis as a maneuver to enhance the 
elimination of PB; but no large well controlled 
studies are available which specifically evaluate UA 
without forced diuresis. Waddell l3 evaluated the 
effects of UA with and without the use of con- 
comitant diuresis in two men receiving therapeutic 
doses of PB. In one individual, PB clearance 
increased from 2.5 mL/min to 7.5 mL/min 
concurrent with elevation in urine flow rates. It also 
appeared that PB clearance in one individual may 
have been greater (13.8 mL/rnin vs 3.0 mL/min) 
with alkaline urine (pH 8.0) than with acidic urine 
(pH 6.1) at somewhat comparable flow rates (2.8 
mL/min vs 1.2 mL/min, respectively). However, no 
demonstrable conclusions can be drawn from the 
limited number of subjects studied in this 
uncontrolled setting. In the same study, UA without 
forced diuresis was shown to increase PB elimination 
by ten-fold in dogs. Myschetzky and Lasen7 
evaluated 16 patients with PB toxicity and 
demonstrated a reduction in the duration of coma by 
one-third to one-half in those patients treated con- 
currently with UA and diuresis. However the 
clinical significance of this effect with respect to the 
control group was not determined. Bloomer et aZ.' 
also evaluated the effects of diuresis and UA on the 
pharmacokinetic disposition of PB in three poisoned 
patients. The authors reported a doubling of the PB 
elimination rate when UA was coupled with diuresis. 
Setter and L a s ~ e n , ~ . "  in separate studies, directly 
correlated an increase in urine flow, via the 
administration of fluids and diuretics, with 
enhancement of PB elimination in poisoned patients. 
More importantly, as PB elimination was increased 
and serum PB decreased, the duration of coma in 

findings. 14,17,18720 
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Figure 2. Average phenobarbital elimination during phases 1-111. 

these individuals decreased. We found a significant 
enhancement in PB elimination arising from the 
induction of UA, albeit, only about one-third as 
great as that found with the administration of MDAC 
in our study population. After assimilating data 
relative to the efficacy of UA, Garrettson and Geller 
ask: "Does ion-trapping still have a place in the 
physician's armoury today?"12 

To lend additional credence to the potential 
replacement of UA by MDAC in the protocols used 
to manage PB poisoned patients, we should compare 
the side effect profiles of both of these interventions. 
We recorded minor symptoms, including vomiting or 
constipation, in one-half of the participants during 
the control and MDAC phases. These effects were 
self-limiting and did not require intervention. By 
far, the most significant symptoms noted during the 
study occurred in the UA phase. Concurrent with 
the administration of a sodium bicarbonate bolus, 
one participant developed bradycardia (HR 44 bpm) 
and mild hypotension (BP 82/50 mm Hg) which 
resolved within five minutes. Additionally, seven of 

11 participants developed mild hypokalemia despite 
supplementation with oral potassium chloride 
throughout this phase. Serum potassium decreased 
on an average by 1 mmol/L, in spite of concurrent 
oral potassium administration. Each volunteer 
received, on the average, 120 mEq of oral potassium 
chloride in addition to the 20 mEq administered IV 
with the initial bicarbonate infusion. Clinicians 
should be aware that UA can result in significant 
electrolyte abnormalities necessitating the close 
monitoring of vital signs, fluid status, serum 
electrolytes, and acid base balance. Unfortunately, 
serum potassium was not monitored during the 
control and charcoal phases. 

We recognize the limitations of this study. First, 
the study was limited to healthy volunteers who 
received therapeutic doses of IV PB. It is therefore 
difficult to apply this data directly to the poisoned 
patient. Second, logistical concerns prevented the 
conduction of additional phases to evaluate the 
concomitant use of MDAC and UA, or the use of a 
single dose of activated charcoal. 
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Currently, protocols for the management of 
moderately or severely poisoned patients include UA 
and MDAC for enhancement of PB elimination. 
Eventually, management may include the sole use of 
MDAC and supportive care without UA. Accep- 
tance of this revised protocol is inevitable if, indeed, 
the elimination enhancement effects of these 
modalities are comparable in poisoned patients, 
regardless of the seventy of PB toxicity. But 
perhaps the degree of a patient's PB toxicity must be 
considered. For example, in severely poisoned 
patients, UA may be used concomitantly with 
MDAC, hemodialysis or hemoperfusion if, at these 
doses, the effects of UA are eventually proven 
beneficial or synergistic. Contrarily, UA would be 
unnecessary if proven ineffective in patients with 
mild signs and symptoms of PB toxicity. Larger, 
prospective studies in poisoned patients with all 
levels of PB poisoning seem warranted to answer 
these questions. 

CONCLUSION 

Our results demonstrate that, in our study 
population, MDAC is a safer and more efficacious 
means of PB elimination enhancement than UA. 
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