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' RESENT management of severe head injury relies 
on a combination of therapies, many of whichP. are directed to prevent elevated intracranial pres

sure (ICP) or to normalize ICP once elevation has 
occurred. Management should evolve by adding new 
drugs or procedures to existing therapies when there is 
reason to believe that they would be effective. This five
center randomized clinical trial tested the hypothesis 
that the addition of high doses of pentobarbital will 
improve the ability to control ICP when compared with 
a standardized rigorously applied combination of con
ventional therapies. The control of ICP was chosen as 
the primary outcome criterion rather than mortality 
because the study design then avoided the ethical prob
lem of not allowing the use of barbiturates in the 
control arm even when ICP reached presumably lethal 
levels. Although the use of high-dose barbiturates was 
and is controversial, there is clinical and laboratory 
evidence indicating a therapeutic effect,2,J,18,19 However, 
any design that permits cross-over confounds interpre
tation of the mortality data. Before proceeding, then, 
two issues will be addressed: 1) is control of ICP an 
important outcome criterion? and 2) was it appropriate 
to study high-dose barbiturate therapy in the context of 
a complex multicentered randomized clinical trial? 

Is ICP an important outcome criterion? All clinical 
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High-dose barbiturate control of elevated intracranial 
pressure in patients with severe head injury 

HOWARD M. EISENBERG, M.D., RALPH F. FRANKOWSKI, PH.D., CHARLES F. CONTANT, 

LAWRENCE F. MARSHALL, M.D., MICHAEL D. WALKER, M.D., AND THE COMPREHENSIVE 

CENTRAL NERVOUS SYSTEM TRAUMA CENTERS 

Division of Neurosurgery, The University of Texas Medical Branch. Galveston, Texas 

v In a five-center study, 73 patients with severe head injury and elevated intracranial pressure (lCP) were 
randomly assigned to receive either a regimen that included high-dose pentobarbital or one that was otherwise 
similar but did not include pentobarbital. The results indicated a 2: 1 benefit for those treated with the drug 
with regard to ICP control. When patients were stratified by prerandomization cardiac complications, the 
advantage increased to 4: I. A multiple logistic model considering treatment and selected baseline variables 
indicated a significant positive treatment effect of barbiturates. a significant effect of time from injury to 
randomization, and an interaction of treatment with cardiovascular complications. However, of 925 patients 
potentially eligible for randomization, only 12% met ICP randomization criteria. The results support the 
hypothesis that high-dose pentobarbital is an effective adjunctive therapy, but that it is indicated in only a 
small subset of patients with severe head injury. 

KEY WORDS head injury increased intracranial pressure barbiturate 

studies of head injury that include data about ICP and 
its relationship to outcome report an association of 
elevated ICP with increased mortality and chronic mor
bidity.l,4.9.14-16 In 1977, Miller and his coworkers14 re
ported that, of 48 patients treated in the hospitals of 
the Medical College of Virginia, those who had severe 
head injuries but normal ICP had a 14% risk of dying 
while those whose ICP rose above 20 mm Hg had four 
times the chance of dying. Four years later, data from 
the same center but from a larger series of patients 
(207) indicated similar odds; 46% of the sample had 
elevated ICP as defined (> 20 mm Hg).16 Eisenberg, el 

al.,4 reviewing data from the Pilot Phase of the National 
Institute of Neurological and Communicative Disease 
and Stroke (NINCDS) National Traumatic Coma Data 
Bank identified 398 patients who had continuous mon
itoring of ICP during the acute period. In these patients 
ICP was a statistically significant predictor of outcome 
as graded by the Glasgow Outcome Scale (GOS),8 and 
was independent of the severity of injury as indexed by 
the Glasgow Coma Scale (GCS).23 These reports indi
cate an important association between outcome and 
ICP or, more specifically, ICP that is either normal or 
responds to therapy versus ICP not responsive to ther
apy. 

While a critical ICP level has not been definitely 
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identified, it is probably not only the degree of elevation 
but persistence that is important. Furthermore, there 
are indications that the critical level may be lower than 
had been previously suspected. Of particular interest in 
this regard is the study of Saul and Duckeio comparing 
two populations of severely head-injured patients, one 
(127 cases) in which efforts were made to control ICP 
at or below 25 mm Hg and the other (106 cases) in . 
which ICP was manipulated to fall at or below 15 mm 
Hg. Although the two groups were studied sequentially, 
the methods of management were otherwise identical, 
giving credence to the interpretation that control ofICP 
to within the lower range is beneficial. However, the 
plausible interpretation that ICP or its response to 
therapy is not the critical factor but that ICP and 
outcome are both predetermined by the pathology re
sulting from impact must be considered in view of our 
study design. This interpretation is not supported by 
what is known of delayed herniation and secondary 
brain-stem injury and the relation between cerebral 
perfusion pressure and cerebral blood flow. Particularly 
relevant to our study design is the report by Marshall, 
et al., 10 indicating that herniation can occur at pressures 
only slightly above normal. 

Why study high-dose barbiturate therapy in a multi
centered randomized clinical trial? More than 20 years 
ago, IshiF proposed that high-dose barbiturates might 
be useful in the control ofICP. The first published series 
of head-injured patients receiving this therapy was re
ported by Marshall, et al., 12 who found that barbiturates 
reduced elevated ICP in 75% of 25 patients who were 
declared refractory to a rigorous regime of ICP man
agement which included mannitol administration and 
hyperventilation. In a follow-up report considering a 
larger series of 45 head-injured patients with intractable 
ICP, 36 responded to high-dose barbiturates of whom 
eight died and two were declared vegetative; of the nine 
nonresponders, eight died and one was vegetative. 19 A 
similar nonrandomized study was reported by Rea and 
Rockswold. '8 They identified 27 patients with severe 
head injury and intractable ICP. Fifteen of the 27 
responded (five died and two were vegetative) compared 
with nine deaths and one vegetative outcome in the 12 
nonresponders. These data indicated that there is a 
therapeutic effect of high-dose barbiturates and that 
failure to control ICP leads to death. In spite of this, 
the need for a randomized trial seemed clear. 13 

Our multicentered randomized clinical trial started 
in 1982. During the course of the study, the results of 
two other randomized trials were reported; the Rich
mond study analyzed data from 53 patients26 and the 
Toronto study 59 patients.21 In both studies the patients 
were given barbiturates prophylactically. In fact, in one 
(the Toronto study) barbiturates were given instead of 
mannitol. Neither study disclosed a beneficial effect of 
barbiturates. These results contrast with the results re
ported from our study where high-dose barbiturates 
were given only after elevated ICP was observed to be 
refractory to conventional management. 
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Clinical Material and Methods 

The five centers that participated in this trial consti
tuted the National Institutes of Health-supported Com
prehensive"Centrai Nervous System Trauma Centers: 
Albert Einstein College of Medicine, New York; Baylor 
College of Medicine, Houston; University of California 
at San Diego; University of Texas Health Science Cen
ter, Houston; and University of Texas Medical Branch, 
Galveston (see Appendix). The study was coordinated 
and monitored by investigators from the University of 
Texas School of Public Health, Houston, and from the 
NINCDS Division ofStroke and Trauma. Patients with 
severe head injury (postresuscitation GCS scores :s 7) 
and between the ages of 15 and 50 years were consid
ered potential candidates. Pregnant patients or patients 
with a GCS score of 3 or nonreactive pupils were 
excluded. Eligible patients were intubated and comput
erized tomography (CT) scans were made as soon after 
stabilization as possible. Mass lesions, intracranial he
matomas, and/or surgically accessible cerebral contu
sions (> 25 cc) were promptly evacuated. An ICP 
monitoring device (a ventriculostomy when possible) 
was inserted and ICP was continuously monitored and 
recorded. Elevations greater than 15 mm Hg were 
treated according to a rigorously applied sequence of 
therapies that was standardized across the centers and 
included hyperventilation, muscle paralysis, sedation, 
mannitol, and ventricular drainage (when possible). 
Despite the use of mannitol, there was a concerted 
effort to prevent dehydration. The state of the patient's 
hydration was monitored by a Swan Ganz or central 
venous pressure catheter. The effective dose of manni
tol was determined by monitoring serum osmolarity. 
All patients were given dexamethasone because at least 
at the onset of the study there was still some question 
of its efficacy and, more importantly, patients fre
quently were given large doses prior to admission to a 
study hospital. It was then easier to control for a possible 
effect by giving a high dose to all patients. We believe 
that this management plan constituted the best conven
tional therapy; its specifics are outlined in greater detail 
in Fig. 1 ("conventional therapy"). 

Our strategy was to test the effect of high-dose pen
tobarbital by adding it to this conventional therapy only 
when pressure elevations (as specified below) were ob
served, indicating that the conventional therapy was 
not adequate for the control of ICP. Half of the patients 
were randomized to the barbiturate arm (pentobarbital 
was given in addition to continuing the "conventional 
therapy"), while the other half were continued on "con
ventional therapy" only. Pentobarbital was given in 
loading and maintenance doses as specified in Fig. 1 
("barbiturate therapy"). Serum pentobarbital levels 
were measured at regular intervals (four, 12, and 24 
hours, and then every 24 hours) with the goal of main
taining serum concentrations in the range of 3 to 4 
mg%. Patients were randomized (fixed block size) by 
center according to the last available GCS score (4 to 
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B2.rbiturate control of posttraumatic hypertension 

Patient meets eligibility criteria
 
(mass lesions removed, ICP monitored)
 

(n = 925)
 

t 
Conventional Therapy Instituted 

I.	 Elevation of head (30°) 
2.	 Hyperventilation (PaC02 < 30 torr) 
3.	 Morphine (I mg q hr) 
4.	 Pancuronium (paralytic dose) 
5.	 Mannitol (bolus only ~ 0.25 gm/kg) 
6.	 Ventricular drainage (when possible) 

~ 
Patient meets ICP, CT scan, mannitol criteria 

(n = 117) 

t
 
Randomization 

(n = 80) 

I 

Conventional Therapv Barbiturate Therapy 

Continues	 Conventional Therapy continues & 
pentobarbital added 
I.	 Loading dose (10 mg/kg over 

30 min, 5 mg/kg q I hr x 3) 
2.	 Maintenance dose (I mg/kg/hr, 

or adjusted so that the serum 
level is in the range 3-4 mg%) 

FIG. 1. Schema of study design with details of "conven
tional therapy" and "barbiturate therapy." ICP = intracranial 
pressure; CT = computerized tomography; n = number of 
cases. 

7) using sealed opaque envelopes. Patients whose last 
available GCS score was 3, 8, or greater were excluded 
from this study, based on the reasoning that patients 
whose GCS score was 8 or greater were unlikely to 
respond to continued conventional therapy, and those 
whose GCS score was 3 were unlikely to respond re
gardless of further modifications of their therapy. The 
study design specified that the conventional therapy 
had to have been maximally applied before a patient 
could be considered as meeting randomization criteria. 
In addition, a CT scan was required within 24 hours 
before random assignment and all accessible mass le
sions must have been removed. Furthermore, the pa
tient had to have been given mannitol, I mg/kg, with
in I hour prior to assignment to a group or have a 
serum osmolarity of at least 315 mOsm. Patients were 
randomly assigned to a treatment group only if the re
sponsible family member signed an informed consent. 
Regardless of which treatment group patients were 
randomly assigned to, an attempt was made to prevent 
and treat hypotension with cautious volume loading, 
and if treatment with vasopressors was necessary, dopa
mine was usually used. Randomization criteria were 
based on ICP levels and time of persistence. Different 

IC? Randomization Criteria Treatment Failure Criteria 

Cl :d ~ 25 mm Hg for 30 min ~ 25 mm Hg for 4 hrs 
Sk~~~~ 30 mm Hg for 15 min ~ 35 mm ~g for ~ hr 
~ 40 mm Hg for 1 mm ~ 40 mm Hg for) mm 

(or unilateral pupillary 
dilation. cardiovascular 
collapse or death) 

opene4E 15 mm Hg for 15 min-E 15 mm Hg for 4 hrs 
Skull 20 mm Hg for 10 mm 25 mm Hg for I hr 

30 mm Hg for I mm 30 mm Hg for 5 mm 

FIG. 2. Criteria for intracranial pressure (rCP) randomi
zation and treatment failure. Eight patients were in the opened 
skull subgroup. "Opened skull" indicates craniectomy> 25 
sq em with the dura left open. A patient could not be consid
ered a barbiturate treatment failure unless the full loading 
dose had been given or unless, in the event of cardiovascular 
compromise, as high a dose as could be tolerated had been 
administered. 

ICP criteria were used when a patient had a large cra
niectomy (> 25 sq cm) and the dura was left open 
("skull opened"), since it was considered that in this 
group herniation may occur with less severe pressure 
elevations. Every effort, however, was made to close the 
dura and replace the bone flap, and only eight patients 
were entered according to these criteria (also see Table 
6). The randomization criteria for both groups, "skull 
closed" and "skull opened," are detailed in Fig. 2. 

With regard to the primary outcome criteria, there 
were only two possibilities: 1) "treatment success" was 
declared when a patient's ICP fell below 20 mm Hg (15 
mm Hg for those classified as "skull opened") and 
remained below that level continuously for 48 hours; 
2) "treatment failure" was declared when ICP became 
uncontrollable as specified in Fig. 2 or the patient 
developed a unilateral dilated pupil or cardiovascular 
collapse, or died. Furthermore, patients in the barbitu
rate arm could not be considered a treatment failure 
unless they were given the loading dosage or as high a 
dose as could be tolerated. Even though most patients 
in the conventional therapy arm had been treated ac
cording to the protocol for hours and some even for 
days prior to random assignment, we reviewed all cases 
declared conventional therapy failures that were re
corded within 3~ hours of assignment to a group (3~ 
hours is the time required for barbiturate loading): all 
continued to have elevated ICP or died during that 
interval. Thus, the J~-hour grace period did not result 
in an advantage for the barbiturate arm. Patients ran
domly assigned to the conventional therapy arm and 
declared a treatment failure could be crossed over to 
the barbiturate arm at the physician's discretion but, 
regardless of their subsequent response, were still des
ignated as conventional treatment failures. When pa
tients who were given pentobarbital had their ICP con
trolled « 20 mm Hg for 48 hours), the drug was 
discontinued on a tapering dose schedule over 3 days. 
If during this time their ICP rose again to levels specified 
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for randomization (Fig. 2), a second loading dose was 
given and high-dose pentobarbital therapy was contin
ued until the patient was either ultimately declared a 
treatment success (at 48 hours after the last dose) or a 
treatment failure. Other outcomes observed were sur
vival and GOS score at 30 days and 6 months. Demo
graphic data, CT findings, and ICP profile as well as. 
complications, treatment, and other pertinent clinical 
information were abstracted and recorded on forms 
developed for the National Traumatic Coma Data 
Bank. I I 

Based on estimates of success for head-injury man
agement routines (10% to 20%), the study was designed 
to detect a minimum of a threefold improvement in 
the control of ICP with adjunct barbiturate therapy 
with at least 90% power at the 5% level of significance. 
The sample size required for this specification is 60 
cases per treatment group. However, only two-thirds of 
the target sample size was achieved. This reduced the 
statistical power of the design to 75% for detection of 
a threefold improvement, and gave less than 50% power 
to detect a twofold improvement in ICP control. 

The statistical significance of treatment effects was 
determined by fitting a logistic multiple regression 
modefs to the binary dependent variables of treatment 
outcome (success/failure), using treatment and selected 
baseline variables as explanatory (independent) varia
bles. Analysis proceeded by first fitting by maximum 
likelihood the logistic model to all of the indicated 
variables and then eliminating variables determined to 
be not significantly prognostic by the backward elimi
nation method.6 The statistical significance of the re
gression coefficients of the final model was judged by: 
z-statistic = parameter estimate/standard error, which 
follows a standard normal distribution under the null 
hypothesis that the parameter being tested is O. The 
goodness of fit of the logistic regression model was 
tested by the chi-square test of Tsiatis.24 All statistical 
computations were done using SAS Institute software 
(Version 5, 1985). 

H. M. Eisenberg, et al. Barbitu 

was below the randomization criteria; and 4) the patient primary 
did not receive the prescribed prerandomization con the two 
ventional therapy (Fig. 1). Of the remaining 73 patients, importar 

. 36 were randomly assigned to the conventional treat twice as 
ment arm'and 37 to the barbiturate treatment arm. this was 

The frequency and distribution of the major demo lesions il 
graphic and clinical variables for the treatment groups matoma 
are shown in Table I. The two groups are comparable comatosl 
in sex, race, age, and cause of injury. Similarly, the quently; 
frequency of prior hospital admission (as opposed to in each t 
direct admission from the scene of the injury), as well the prim 
as the median time to arrival at the study hospital and barbitun 
the average time from injury to randomization, are seen on I 
similar for the two treatment groups. Table 2 lists the arm. No 

equally ( 
(Table 2 
mately 11 

TABLE I sponse 0 
Characteristics 0/patients by treatment group" half sho' 

of GCS Conventional Barbiturate
Characteristic Treatment Treatment 

no. of cases 
mean age (yrs) 
male sex 
race: white 
cause of injury 

motor-vehicle accident 
fall or fight 
other 

direct admission 
admission time after injury 

median (hrs) 
range (hrs) 

mean time to randomization 
after injury (hrs) 

36 
24.3 ± 6.3 
33 (91.7%) 
29 (80.6%) 

37 
25.3 ± 8.0 
29 (78.4%) 
33 (89.2%) GCS scc 

28 (77.8%) 
2 (5.6%) 
6 (16.7%) 

18 (50.0%) 

30 (81.8%) 
4 (10.8%) 
3 (8.1%) 

21 (56.8%) Cha 

1.5 
0.2-27.2 

89.0 ± 70.1 

1.4 
0.5-97.3 

83.3 ± 72.5 

no. of 
GCSs, 

4 
5 

.. Means are given ± standard deviation.	 6 
7 

pupilh 
no r 

TABLE 2	 one 
bott 

Diagnoses and computerized tomography (CT) findings/or unk 
patients by treatment group 

~GCS : 

Conventional Barbiturate 
Treatment TreatmentResults	 Characteristic 

No. Percent No. PercentDuring the study period from December, 1982, to
 
no. of cases 36 37
December, 1985, 925 patients were admitted to the Prerandoprimary diagnosis study hospitals for treatment of severe head injury (GCS 

cortical contusion 7 19.4 7 18.9 
score ::s 7). According to the previously listed criteria, diffuse injury 10 27.8 14 37.8 
116 (12.5%) were identified as eligible for entry into intracerebral hematoma 8 22.2 3 8.1 CI 
the clinical trial. Informed consent was received from	 subdural hematoma 4 11.1 8 21.6 

epidural hematoma 5 13.9 I 2.7 -- 80 of these patients. Of the 80 patients randomly no.of(gunshot wound :2 5.6 2 5.4
assigned to the two treatment groups, seven were with	 compli.midline shift on CT scan 
drawn from the study (five from the conventional treat- . none 12 33.3 18 48.6 cardi 

ment arm and two from the barbiturate arm) because	 1-5 mm 6 16.7 10 27.0 pneu 

6-lOmm 10 27.8 5 13.5 pulrrthey did not meet all prerandomization study require
elect> lOmm 5 13.9 2 5.4ments. Patients were excluded for the following reasons: infec 

1) barbiturates were given prior to randomization; 2) compli 
status unknown 2 5.6 2 5.4 

brain-stem cisterns 
an operable mass lesion was detected after randomiza normal 9 25.0 11 29.7 no c{ 

1-2 (tion, but was probably present before randomization	 abnormal 18 50.0 25 67.6 
status unknown 9 25.0 2.7(no CT scan within 24 hours of randomization); 3) rcp ----3-4 ( 
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18.9 
37.8 

8.1 
21.6 
2.7 
5.4 

48.6 
27.0 
13.5 
5.4 
5.4 

29.7 
67.6 

2.7 
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o,-:sary diagnoses and important CT scan findings for 
the two treatment groups. Subdural hematoma, an 
iIti00rtant predictor of a poor outcome,I.5.l7 appeared 
tw"i'ce as frequently in the barbiturate arm. However, 
this was offset by the relative frequency of other mass 
lesions in the conventional arm, such as epidural he
matoma which does not have a favorable outcome in 
comatose patients.22 Gunshot wounds appeared infre
quently and two patients with this cause of injury fell 
in each treatment arm. In contrast to the frequency of 
the primary diagnosis of subdural hematoma in the 
barbiturate arm, severe midline shift (> 5 mm) was 
seen on CT scans more frequently in the conventional 
ann. Normal brain-stem cisterns were approximately 
equally distributed between the two treatment groups 
(Table 2). On arrival at the study hospitals, approxi
mately half of the patients showed a best motor re
sponse of "none" or "extensor," and slightly less than 
half showed no pupillary reactivity. The distributions 
of GCS scores and pupillary reactivity at the time of 

TABLE 3 
GCS score and pupillary reaction ofstudy patients at time of 

randomization by treatment group* 

Conventional Barbiturate 
Treatment TreatmentCharacteristic 

No. Percent No. Percent 

no. of cases 36 37 
GCS score 

4 10 27.8 13 35.1 
5 8 22.2 10 27.0 
6 12 33.3 II 29.7 
7 6 16.7 3 8.1 

pupillary reactivity 
no reaction 11 30.6 II 29.7 
one reacti ve 3 8.3 6 16.2 
both reactive 22 61.1 19 51.4 
unknown 0 0 I 2.7 

• GCS = Glasgow Coma Scale. 

TABLE 4 
?rerandomization complications ofpatients by treatment group 

Conventional Barbiturate 

Characteristic Treatment Treatment 

No. Percent No. Percent 

-

no. of cases 
complications 

cardiovascular 
pneumonia 
pulmonary (other) 
electrolyte imbalance 
infection 

complication frequency 
no complications 
1-2 complications 
3-4 complications 

36 

14 
11 
9 

12 
3 

9 
22 

5 

38.9 
30.6 
25.0 
33.3 

8.3 

25.0 
61.1 
13.9 

37 

17 
6 
9 

II 
0 

12 
20 

5 

46.0 
16.2 
24.3 
29.7 

0 

32.4 
54.0 
13.5 
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random assignment to a treatment group are shown in 
Table 3. 

Of particular interest for their potential prognostic 
value were the frequency and distribution of compli
cations prior to randomization. Table 4 gives the pre
randomization frequency of complications of cardio
vascular and pulmonary origin, electrolyte imbalance, 
and non-central nervous system infections for the two 
treatment arms and the distribution of all complica
tions among patients. Prerandomization cardiac com
plications showed a possible important interaction with 
therapy, and is discussed below. 

Table 5 lists the frequency and distribution for each 
for the randomization criteria for both treatment arms 
and also according to whether the skull was closed or 
opened. The mean ICP at the time of randomization 
was virtually identical to both treatment groups as was 
the frequency of each randomization criterion, neither 
arm having an apparent advantage due to the degree of 
duration of elevated ICP. 

Analysis of the 73 patients randomly assigned to the 
two treatment groups showed that the chance of ICP 
control in patients with ICP refractory to conventional 
management was nearly double (ratio 1.94, p = 0.12) 
for those patients randomized to the barbiturate arm 
(Table 6). This finding is further analyzed for its con
sistency with the prognostic factors listed in Table 7. 
The factors examined are GCS scores at randomization, 
time from injury to randomization, and the occurrence 
of prerandomization cardiovascular complications. 
The approximate twofold therapeutic advantage of 
high-dose pentobarbital over continued nonbarbiturate 
ICP management was seen among patients randomized 
at combined GCS scores of 4/5 and 6/7, respectively, 

TABLE 5 
Frequency ofIC? randomization criteria and IC? distribution at 

randomization* 

Conventional Barbiturate 
Treatment TreatmentCharacteristic 

No. % No. % 

no. of cases 36 37 
closed skull 

rcp = 25 mm Hg (30 min) 13 40.6 13 39.4 
rcp = 30 mm Hg (15 min) 7 21.9 8 24.2 
rcp = 40 mm Hg (I min) 12 37,5 12 36.4 

opened skull 
rcp = 15 mm Hg (15 min) I 25.0 25.0 
rcp = 20 mm Hg (10 min) 0 0 25.0 
rcp = 30 mm Hg (I min) 3 75.0 2 50.0 

rcp distribution (mm Hg) 
minimum rcp 20 20 
first quartile 28.5 30 
median 34,5 34 
third quartile 43 42 
maximum rcp 85 61 
mean rcp 38.0 ± 14.22 35.2 ± 8.12 

* ICP = intracranial pressure; closed skull = no craniotomy or 
craniotomy with skull and dura closed; Opened skull = craniotomy> 
25 sq em with dura opened. Mean ICP is given ± standard deviation. 
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TABLE 6 
Control ofintracranial pressure (ICP) in study patients by 

treatment group 

Control Conventional Barbiturate 
Total

ofICP Treatment Treatment 

yes 6 12 18 
no 30 25 55 
total cases 36 37 73 
% controlled 16.7 32.4* 24.7 

* Difference statistically significant (p = 0.12). 

TABLE 7 
Incidence ofintracranial pressure control by treatment and 

prognostic factors 

Barbiturate Conventional Ratio*Factor 
Treatment Treatment 

no. of cases 37 36 
Glasgow Coma Scale score 

4&5 7/23 (30%) 3/18 (17%) 1.83 
6&7 5/14 (36%) 3/18 (17%) 2.14 

time to randomization 
< median time (52 hrs) 3/21 (14%) 1/16 (6%) 2.28 
> median time (52 hrs) 9/16 (56%) 5/20 (25%) 2.25 

cardiovascular complication 
absent 8/20 (40%) 2/22 (9%) 4.40 
present 4/17 (24%) 4/14 (29%) 0.82 

* Ratio of the barbiturate group to the conventional treatment 
group. 

and among patients classified by the median time from 
injury to randomization. Examination of time to ran
domization demonstrated an interesting but not unex
pected relationship to treatment success. The median 
injury to randomization time for the entire group of73 
patients was 52 hours. Those patients assigned to a 
treatment group earlier than 52 hours after injury (pa
tients with the most acutely elevated ICP) had only 
one-quarter the chance of responding to either therapy 
compared with those allotted to a group later than 52 
hours. The ratio of barbiturate therapy success to con
ventional therapy success (2: 1), however, was the same 
for both time epochs (Table 7). 

Considering events antecedent to randomization for 
their possible association with treatment success, the 
occurrence of cardiac complications seemed, on the 
basis of published reports,21.26 the most likely to be of 
clinical importance. When the data are stratified by the 
presence or absence of a cardiovascular complication 
(Table 7), the advantage of barbiturate therapy in the 
group without complications (42 patients) increased t6 
fourfold while in the group with a prerandomization 
cardiovascular complication both treatments had a sim
ilar chance (24% vs. 29%) of success. Of those patients 
with a reported prerandomization cardiovascular com
plication, 20 or approximately two-thirds were found 
to be so grouped because of prerandomization hypoten
sion (systolic blood pressure < 90 mm Hg for 30 
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TABLE 8 
Maximum likelihoodfit ofa binary logistic regression model to 

treatment and prognosticfactors on 73 patients 

Logistic Standard Ratio Signif
Factor* Coefficient Error icance 

full model 
intercept -6.6400 2.329 -2.85 0.01 
treatment 2.179 0.951 2.29 0.02 
CV complication 1.589 1.024 1.55 0.12 
treatment x CV -2.164 1.289 -1.168 0.09 

complication 
GCS score 

5 -1.304 0.896 -1.46 0.15 
6 -0.518 0.761 0.68 0.50 
7 0.061 1.056 0.06 0.95 

ICP at randomiza 0.021 0.035 0.60 0.54 
tion 

log (time) 0.895 0.354 2.53 0.01 
reduced model 

intercept -5.734 1.764 3.25 0.01 
treatment (x tl 2.011 0.909 2.21 0.03 
CV complication 1.355 0.977 1.39 0.16 

(X2 ) 

treatment x CV -2.042 1.244 -1.64 0.10 
complication (X,) 

log (time) 0.796 0.347 2.29 0.02 

* CV = cardiovascular; GCS = Glasgow Coma Scale; ICP = intra
cranial pressure. For explanation offull model and reduced model see 
text. 

minutes and/or required vasopressors), seven were hy
pertensive (systolic blood pressure> 160 mm Hg for 
30 minutes and/or used antihypertensive drugs), and 
four experienced both hypo- and hypertension prior to 
randomization. Although the numbers of cases are too 
small to definitely qualify anyone of these categories 
as the unique reason for treatment failure, the incidence 
ratio (barbiturate:conventional therapy success) for 
those only hypotensive was 1.70: 1, while for the group 
with compromised cardiovascular systems as a whole 
the ratio was 0.82:1. 

Since prognostic factors are interrelated, a more com
plex statistical model was used to analyze treatment 
effects jointly with the baseline risk factors in Table 7. 
A multiple logistic regression model was used to relate 
the binary response variable, Y, of ICP control (Y = 1 
= success, 0 = failure) to treatment, cardiovascular 
complication and its interaction with treatment, GCS 
score at randomization, randomization ICP, and the 
logarithm of time from injury to randomization. The 
results are presented in Table 8 for the full logistic 
model including all variables and the reduced model 
obtained by backward selection of variables, excluding 
variables not significant at the 20% level. In both the 
full and reduced logistic models, the largest z-statistics 
are associated with a significant positive treatment effect 
due to barbiturate therapy (p = 0.03) and a small but 
positive statistically significant (p = 0.02) effect of time 
from injury to randomization. The other covariates in 
the reduced model (cardiovascular complication and its 
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in~'Oraction with treatment) are not significant at the 
5% level although the associated p values are all less 
th2.l1 0.16. The negative logistic regression coefficient 
(-2.042) associated with the interaction of cardiovas
cular complications with treatment quantifies its large 
negative effect on the probability of barbiturate treat
ment success. The 'coefficients of the reduced logistic 
model imply that, in the absence of cardiovascular 
complications and over a time period (for example, 
extending from 24 hours through 76 hours following 
injury), adjunctive barbiturate therapy was five to six 
times more likely to control elevated ICP than was 
continued conventional nonbarbiturate therapy; how
ever, in the presence of a compromised cardiovascular 
system neither therapy dominated. When the data from 
all 80 randomized cases (including the seven cases that 
did not meet all prerandomization study requirements) 
were analyzed for treatment effects, the ratio of the 
incidence of barbiturate to conventional successful ICP 
control was 1.4: 1. When the logistic model as described 
above was fit to the 80 cases, the results were virtually 
unchanged. The 80-case logistic model revealed a sig
nificant positive treatment effect due to barbiturate 
therapy (p = 0.04), a small but significant effect of time 
from injury to randomization (p = 0.01), and a negative 
interaction of treatment and cardiovascular complica
tions (p = 0.10). 

In patients included in the barbiturate arm, vigorous 
attempts were made to maintain serum pentobarbital 
levels in the range of 3 to 5 mg%. However, despite our 
efforts this was not possible in all patients. In some 
cases the maintenance dosage had to be decreased be
cause of difficulty in treating postrandomization hypo
tension. At declaration of more "treatment failure" (25 
cases), eight had levels below 3.0 mg% and four of those 
were at or below 2.0 mg%. 

The data were examined to determine if prerandom
ization hypotension was frequently associated with post
randomization hypotension, particularly for patients in 
the barbiturate arm and how much difference post
randomization hypotension made with regard to the 
likelihood of treatment success. For these analyses post
randomization hypotension was defined as hypotension 
severe enough to require treatment with vasopressors 
(dopamine, in almost all cases). Table 9 gives the post
randomization use of dopamine (or other vasopressor) 
by treatment arm and the presence or absence of pre
randomization hypotension. There was a modest in
crease in the requirement for dopamine in patients 
receiving barbiturates (10% vs. 13 %), regardless of pre
randomization hypotension. Overall, the incidence of 
postrandomization hypotension was 62% (23 cases) in 
~he 37 barbiturate-treatment cases, and 50% (18 cases) 
In the 36 conventional-treatment cases. Using this def
inition of postrandomization hypotension (vasopres
SOf3 required), the incidence ratio (barbiturate success/ 
~onventional success) was slightly less than unity; sim
ilar to the ratio determined for prerandomization car
diovascular complications (Table 7). 
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TABLE 9 
Postrandomization use ofdopamine among patients classljied as 

hypotensive prior to randomization by treatment group 

Postrandomization 
Pre randomization Dopamine Use Total 

Status Cases 
Yes No 

conventional treatment 
hypotensive 7 (70.0%) 3 10 
not hypotensive 11 (42.3%) 15 26 

barbiturate treatment 
hypotensive 10 (83.3%) 2 12 
not hypotensive 13 (52.0%) 12 25 

After declaration of treatment failure, 26 of the 
patients randomly assigned to the conventional therapy 
arm were crossed over to receive barbiturates. Only four 
failures were continued on conventional therapy. The 
response rate (seven of the 26 cases crossed over) was 
similar to the,rate seen in those initially assigned to the 
barbiturate arm (32% vs. 27%). Survival at 30 days is 
shown for the three groups (the barbiturate therapy 
arm, the conventional therapy arm, and the conven
tional therapy arm crossovers) in Table 10. The likeli
hood of survival at 1 month was 92% for those patients 
who responded as defined (Fig. 2) while 83% of the 
nonresponders died. Eighty percent of all deaths in each 
of the treatment arms were due to uncontrolled ICP. 
Last follow-up examination (a median of 6 months 
postinjury) showed that 36% of the responders and 
90% of the nonresponders were vegetative or had died. 

Discussion 

The results are consistent with the hypothesis that 
high-dose pentobarbital, when added to our routine of 
conventional management, is useful for aborting ele
vations of ICP. Approximately one-third of our patients 
randomly assigned to the barbiturate arm had their ICP 
controlled compared with one-sixth who were contin
ued on conventional management. This result is im
pressive considering the limitations of sample size and 
the apparent efficacy of our conventional management 
plan. Subgroup analysis adjusting treatment effect (ICP 
control) for the prerandomization cardiovascular com
plications and time from injury to randomization sug
gested that these variables were prognostic of ICP con
trol with high-dose pentobarbital. The likelihood of 
pentobarbital ICP control in the presence of preran
domization cardiovascular complications was reduced 
to that obtainable with conventional management. The 
results suggest that barbiturates can abort ICP eleva
tions in the uncomplicated case even after brain com
pliance is maximized using conventional means. There
fore, high-dose barbiturates can be considered as an 
appropriate adjunctive therapy for ICP control. 

The rationale for a study design using control of ICP 
rather than survival as the primary outcome criterion 
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TABLE 10 

One-month survival and control ofICP by treatment group 

Status ofICP· 

barbiturate treatment (37 cases) 
controlled 
uncontrolled 
total 

conventional treatment only 
(10 cases) 

controlled 
uncontrolled 
total 

conventional treatment crossovers 
(26 cases) 

controlled 
uncontrolled 
total 

Vital Status Total 
CasesAlive Dead 

11 (91.7%) I 12 
3 22 25 

14 23 37 

6 (100.0%) 0 6 
2 2 4 
8 2 10 

6 (85.7%) I 7 
3 16 19 
9 17 26 

• Status of intracranial pressure (ICP) was assessed according to the 
study criteria (see text). 

is discussed in the introduction, and, as stated, relates 
to the ethical issue of prohibiting the use ofbarbiturates 
(when there was some evidence indicating its efficacy) 
even when an investigator considered that a patient's 
ICP was approaching lethal levels. While this is an 
unavoidable weakness of the study, as is discussed in 
the introduction, the association between uncontrolled 
ICP and mortality is sufficiently robust. The ICP levels 
chosen for randomization and outcome criterion are, 
however, admittedly arbitrary and some may consider 
our lowest values to be too low. For example, a patient 
could enter and exit the study never having reached an 
ICP of 30 mm Hg and that was in fact the case for the 
two patients who were conventional treatment failures, 
were never given barbiturates, and survived (Table 10). 
However, it can be argued that, in the context of our 
conventional management plan, even an ICP of 25 mm 
Hg should be considered potentially dangerous consid
ering that these patients had undergone removal of 
early- and late-appearing intracerebral as well as extra
cerebral mass lesions, were given maximal doses of 
mannitol, were hyperventilated, and in many cases had 
drainage of ventricular fluid before randomization. Fur
thermore, as presented in the introduction, there is now 
evidence that in the setting of traumatic brain injury 
pressures even lower than formerly presumed to be safe 
may be harmful. 10,20 

How do the data from this study compare with other 
clinical studies designed to examine the effect on ICP 
in patients with severe head injuries? Nonrandomized 
studies from San Diego l9 and Minnesota l8 both indi
cated a somewhat greater drug efficacy than did our 
study. The Iep was controlled in more than one-half 
of those patients compared to only one-third in our 
study. More important is the comparison between our 
study and the two reported randomized trials. Those 
studies indicated that no benefit was derived from high
dose b<lrbiturates with regard either to control of ICP 
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or to survival. One explanation is the difference in how 
the drug was given when the three studies are compared. 
The Richmond group26 defined a patient population 
they believed at risk for development of elevated ICP. 
The predictors were low admission GCS scores and CT 
scan findings. The Toronto study2\ was designed to 
compare the efficacy of high-dose barbiturates with 
mannitol administration. In both studies high-dose bar
biturates were then given as an initial therapy. On the 
other hand, in this study the drug was given only after 
elevated ICP was observed and it was impressive how 
few (12%) of our patients who were screened actually 
reached randomization criteria. That is not to say that 
more of our potentially eligible patients would have 
qualified for the at-risk group in the Richmond study, 
but it is probable that many more would have qualified 
for that group than we included. Since we have dem
onstrated (although outside the study design) that our 
conventional management is effective, at least accord
ing to the ICP criteria that were proposed, some of the 
Richmond study patients may not have required bar
biturates in the context of our study, and the effect of 
barbiturates may, therefore, have been diluted in that 
study. 

The three studies are similar in that all showed that 
hypotension is a frequent complication in severely 
head-injured patients. In our study, slightly more pa
tients in the barbiturate arm became hypotensive than 
in the conventional therapy arm. The difference (10% 
vs. 13%) was not as impressive as might be expected 
from the other studies. It is conceivable that our ob
served negative interaction between prerandomization 
cardiovascular complications (mainly hypotension) and 
barbiturates is due, at least in part, to a reduction in 
the amount of the drug given to those patients who 
developed postrandomization hypotension. 

Assuming high-dose barbiturates are effective, at least 
in controlling ICP, how far can one generalize from 
these data? The study was carried out in five specialized 
intensive care units. The patients were managed by 
neurosurgeons with a professed interest in this kind of 
intensive care and in head injury. These neurosurgeons 
were assisted by full-time intensive-care providers and 
around-the-clock care from a specially trained team of 
residents, fellows, and nurses. There is little doubt that 
the use of barbiturates involves risks beyond pure hy
potension. This study demonstrates that in head-injured 
patients control of ICP can generally be accomplished 
by the rigorous application of therapy that does not 
include barbiturates. The question of whether and when 
to use high-dose barbiturates arises for the small subset 
of patients who have failed an aggressive medical man
agement plan. The question as to whether barbiturates 
should be introduced somewhat earlier in the treatment 
regimen cannot be answered from this study. What can 
be concluded is that, when ICP control using other 
regimens fails, high-dose barbiturates can be effective. 
provided that the patient is cared for by expenence0 
staff. Our study confirms the findings of others in 
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APPENDIX 

The centers and individuals involved in this study were as 
fo;;ows:
 

Albert Einstein Colllege of Medicine, New York: Kamran
 
Tabbador, M.D., Hugh S. Wisoff, M.D., Patricia Factor; Bay

ler College of Medicine, Houston: Raj K. Narayan, MD..
 
Guy L. Clifton, M.D., Claudia S. Robertson, M.D., Robert
 
G. Grossman, M.D.; University of California, San Diego: 
Lawrence F. Marshall, M.D., Sharon Bowers Marshall, M.S., 
Melville R. Klauber, Ph.D.; University of Texas Health Sci
ence Center, Houston: Michael E. Miner, MD., Ph.D., Dennis 
R. Kopaniky, M.D., Steven Allen, M.D., Phillip L. Gilden
berg, M.D., Ph.D.; University of Texas Medical Branch, Gal
veston: Howard M. Eisenberg, M.D., Carol Cayard, R.N., 
Richard L. Weiner, M.D., Haring J. Nauta, M.D., Ph.D., Jose 
Santiago, M.D.; University of Texas School of Public Health, 
Houston: Ralph F. Frankowski, Ph.D., Charles F. Contant, 
M.P.H., Merry E. Makela, Ph.D., C. Nina Newton, M.P.H.; 
National Institute of Neurological and Communicative Dis
eases and Stroke, Bethesda: Michael D. Walker, M.D. Statis
tical Analysis: Ralph F. Frankowski, Ph.D., Charles F. Con
tant, Howard M. Eisenberg, M.D. 

Acknowledgment 

We thank Liz Zindler for typing and editing the manuscript. 

References 

I. Bowers	 SA, Marshall LF: Outcome in 200 consecutive
 
cases of severe head injury treated in San Diego County:
 
a prospective analysis. Neurosurgery 6:237-242, 1980
 

2.	 Bricolo AP, Glick RP: Barbiturate effects on acute exper
imental intracranial hypertension. J Neurosurg 55: 
397-406,1981 

3.	 Clasen RA, Pandolfi S, Casey D Jr: Furosemide and
 
pentobarbital in cryogenic cerebral injury and edema.
 
Neurology 24:642-648, 1974
 

4.	 Eisenberg HM, Cayard C, Papanicolaou A, et al: The
 
effects of three potentially preventable complications on
 
outcome after severe closed head injury, in Ishii S, Nagai
 
H, Brock M (eds): Intracranial Pressure V. Berlin:
 
Springer-Verlag, 1983, pp 549-553
 

5.	 Gennarelli TA, Spielman GM, Langfitt TW, et al: Influ

ence of the type of intracranial lesion on outcome from
 
severe head injury. A multicenter study using a new
 
classification system. J Neurosurg 56:26-32, 1982
 

6.	 Harrell FE Jr: The LOGIST procedure, in SAS Institute
 
Supplemental Library User's Guide, Version 5. Cary, NC:
 
SAS Institute, 1986, pp 269-292
 

7.	 Ishii S: Brain-swelling. Studies of structural, physiologic
 
and biochemical alterations. in Caveness WF, Walker AE
 
(eds): Head Injury. Conference Proceedings. Philadelphia:
 
JB Lippincott, 1966, pp 276-299
 

8.	 Jennett B, Bond M: Assessment of outcome after severe 

1. Neurosurg / Volume 69/ July, 1988 

9.	 Levati A, Farina ML, Vecchi G, et al: Prognosis of severe
 
head injuries. J Neurosurg 57:779-783, 1982
 

10.	 Marshall LF, Barba D, Toole BM, et al: The oval pupil:
 
clinical significance and relationship to intracranial hy

pertension. J Neurosurg 58:566-568, 1983
 

II.	 Marshall LF, Becker DP, Bowers SA, et al: The National
 
Traumatic Coma Data Bank. Part I: Design, purpose,
 
goals, and results. J Neurosurg 59:276-284, 1983
 

12.	 Marshall LF, Smith RW, Shapiro HM: The outcome with
 
aggressive treatment in severe head injuries. Part 2: Acute
 
and chronic barbiturate administration in the manage

ment of head injury. J Neurosurg 50:26-30, 1979
 

13.	 Miller JD: Barbiturates and raised intracranial pressure.
 
Ann NeuroI6:189-193, 1979
 

14.	 Miller JD, Becker DP, Ward JD, et al: Significance of
 
intracranial hypertension in severe head injury. J Neu

rosurg 47:503-5 16, 1977
 

IS.	 Miller JD, Sweet RC, Narayan R, et al: Early insults to
 
the injured brain. JAMA 240:439-442, 1978
 

16.	 Narayan RK, Kishore PRS, Becker DP, et al: Intracranial
 
pressure: to monitor or not to monitor? J Neurosurg 56:
 
650-659, 1982
 

17.	 Pazzaglia P, Frank G, Frank F, et al: Clinical course and
 
prognosis of acute post-traumatic coma. J Neurol Neu

rosurg Psychiatry 38: 149-1 54, 1975
 

18.	 Rea GL, Rockswold GL: Barbiturate therapy in uncon
trolled intracranial hypertension. Neurosurgery 12: 
401-404,1983 

19.	 Rockoff MA, Marshall LF, Shapiro M: High-dose barbi

turate therapy in humans: a clinical review of 60 patients.
 
Ann NeuroI6:194-199, 1979
 

20. Saul TG, Ducker TB: Effect of intracranial pressure mon

itoring and aggressive treatment on mortality in severe
 
head injury. J Neurosurg 56:498-503, 1982
 

21. Schwartz ML, Tator CH, Rowed DW, et al: The Univer

sity of Toronto Head Injury Treatment Study: a prospec

tive, randomized comparison of pentobarbital and man

nitol. Can J Neurol Sci 11:434-440, 1984
 

22. Seelig JM, Marshall LF, Toutant SM, et	 al: Traumatic
 
acute epidural hematoma: unrecognized high lethality in
 
comatose patients. Neurosurgery 15:617-620, 1984
 

23. Teasdale G, Jennett B: Assessment of coma and impaired
 
consciousness. A practical scale. Lancet 2:81-84, 1974
 

24. Tsiatis AA: A note on a goodness-of-fit test for the logistic
 
regression model. Biometrika 67:250-25 I, 1980
 

25. Walker SH, Duncan	 DB: Estimation of the probability
 
of an event as a function of several independent variables.
 
Biometrika 54:167-179, 1967
 

26.	 Ward JD, Becker DP, Miller JD, et al: Failure of prophy

lactic barbiturate coma in the treatment of severe head
 
injury. J Neurosurg 62:383-388, 1985
 

Manuscript received November 9, 1987. 
This research was supported by National Institutes of 

Health Grant NS 9-2314, NS 9-2123, and NS 3-2340. 
Address reprint requests to: Howard M. Eisenberg, M.D., 

Division of Neurosurgery, E-17, The University of Texas 
Medical Branch, Galveston, Texas 77550. 

23
 




