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Thiopental bolus 
during carotid endar- 
terectomy-rational 
drug therapy? 

Ten studies were performed to examine the lime course of 

arterial and venous thiopenlal concentrations foUowing 

the administration of thiopentol (4 mg .kg -1 over 3 rain) 

for cerebral protection during carotid occlusion in nine 

patients undergoing elective carotid endarterectomy; in 

five patients the rime course of EEG change was also 

studied. The arterial and venous thiopental concentra. 
tions were similar with no evidence of a sustained 

artertal-venous gradient. The average arterial concen- 
tration was 20.1 ~zg-ml -t -4- 10 (El)) at 2 min after 
thiopental, and fell rapidly to 13.0~tg .ml -j +- 3.2 at 

5 rain, 10.7 txg.ml -I +- 4.4 attOminand6.2 r -t at 
30 rain. After thiopental the EEG record showed an 

increase in delta activity and in Jour patients a burst 

suppression pattern was seen. The duration of burst 

suppression activity was variable (130 to 367 seconds) 
but in all instances cortical activity had returned to the 

pre-thiopental level by five to ten minutes. Thus concen- 

trations af thtopental of 10-30 tzg.ml-1 were associated 
with EEG burst suppression and both were seen only 

within the first five minutes after drug administration. In 
contrast the carotid artery was occluded for consMerably 
longer (26 +- 4) minutes. 

We conclude that, since there was no sustained 

arterial-venous gradient, either arterial or venous con- 
centrations are adequate for the study of thiopentat 
pharmacokinetics. However, using burst suppression as 

an index of cerebral protection with thiopental it appears 

that the administration of thiopental (4 mg.kg -~ over 
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three minutes) before carotid occlusion is not adequate to 

protect for the duration of the carotid endarterectomy 

procedure. 
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Over the last 25 years, revascularization procedures 
have been performed on an increasing number of 
patients with evidence of extracranial vascular 
occlusive disease. While the primary aim of carotid 
endarterectomy is the prevention of stroke, this 
operation itself may induce a transient or permanent 
neurologic deficit. Precipitating factors for stroke 
during the perioperative period include carotid 
artery thrombosis, emboli, reperfusion injury, and 
cerebral injury during carotid occlusion, and esti- 
mates of stroke frequency range from one to ten per 
cent. 1 - 5 

Since induced ischaemia may occur, several 
procedures have been advocated to protect the brain 
during the period of carotid occlusion. Although the 
optimal therapy remains controversial, the methods 
used include insertion of an internal carotid shunt, 
the use of vasopressors to elevate systemic blood 
pressure s and the use of barbiturates as protective 
agents. 7 

The clinical use of barbiturates for cerebral 
protection is based on extensive experimental evi- 
dence in animal models of induced cerebral ischaemia 
and on anecdotal clinical information; neither the 
efficacy of these drugs nor the dose or concentration 
required has been established in prospective clinical 
trials, s However, the experimental evidence has 
been convincing and the clinical studies have been 
encouraging. In one such clinical study, EEG 

CAN ANAESTH sac  J 1983 /30: 6/pp615-622 



616 CANADIAN ANAESTIdE'r |STS'  SOCIETY JOURNAL 

monitoring was used both as an assessment of 
function and as an endpoint of drug therapy. 
Thiopental was titrated to produce a 15-30 second 
EEG burst suppression during the period of carotid 
occlusion in seven patients who were at risk of an 
intraoperative ischaemic event as evidenced by 
EEG slowing during a trial period of carotid 
occlusion. With the use of thiopental no neurologic 
sequellae resulted following carotid occlusion. Al- 
though this population was small, the reporl sug- 
gested that the barbiturates had provided some pro- 
tection when given by this method. 7 

Titration to produce the EEG change (15-30 sec 
burst suppression) required the administration of 
repeated boluses of thiopental to a total dose of 
approximately 3 gin. 7 At present, in most centres 
where barbiturates are used during carotid endarter- 
ectomy, the drug is given only once as a 4-5  mg.kg- 
bolus prior to application of the clamp. 9 The 
objective of the current study was to administer 
thiopental (4 mg.kg-  l) prior to carotid clamping 
and document the time course of (1) EEG changes 
and (2) arterial and venous concentrations, in an 
attempt to assess this method of drug therapy. Since 
an arterial-venous (A-V) gradient has been shown 
for other lipophilic drugs l~ both arterial and venous 
samples were analysed to examine whether an A-V 
gradient exists for thiopental. 

Melhods 
Ten studies were performed in nine male patients 
with an average age of 59.7 years (range 41-71) 
and weight of 89 kg (range 72-100). All patients 
were of ASA Physical Status 1II and presented for 
surgery with angiographically documented lesions 
of the carotid artery. Two of the patients had had a 
previous completed stroke, seven were hyperten- 
sive and six of these were receiving antihyperten- 
sire therapy including diuretics, beta-adrenergic 
blocking agents and alpha-methyldopa. Seven patients 
were receiving acetylsalicylic acid therapy as pro- 
phylaxis against a further ischaemic event. All 
patients were scheduled for elective carotid endar- 
terectomy and gave informed consent to participate 
in the research study. 

Three patients received diazepam (10 or 15 rag) 
prior to surgery while all others received no 
premedication. A 20 gauge cannula was placed in a 
radial artery for blood pressure recording and blood 

sampling, and a central venous line was inserted via 
an antecubital vein for venous sampling. Control 
arterial and venous blood samples (3 ml) were 
withdrawn and anaesthesia was induced with intra- 
venous thiopental (4 mg-kg -1 over 3 rain). Follow- 
ing administration of succinyleholine the trachea 
was intubated, and anaesthesia was maintained with 
nitrous oxide, oxygen (FIO 2 = 0.33) enflurane, 
pancurenium, fentanyl and controlled ventilation. 

In five of the studies eight gold cup electrodes 
were placed according to the International 10-20 
system and the electroencephalograph (EEG) was 
recorded continuously on a Grass Model 8 recorder, 
until removal of the carotid artery clamp. The 
carotid artery was exposed in a standard fashion and 
the area was infiltrated with lidoeaine. Before 
carotid occlusion intravenous phenylephrine was 
titrated to elevate systemic blood pressure to ap- 
proximately 20 per cent above resting level and 
thiopental (4 mg-kg-1 over 3 min) was given. The 
clamp was applied and the surgery completed in the 
standard manner; the average time for carotid artery 
occlusion was 26 min -+ 4 (SD)(range 18-30 min). 

Both arterial and venous blood samples (3 rnl) 
were withdrawn into tubes containing no anticoagu- 
lant for determination of thiopental concentrations 
at the following times: 0, 2, 5, 10, 20, 30, and 45 
minutes after induction. The control sample for the 
second thiopental dose was withdrawn just before 
drug administration and subsequently at 2, 5, 10, 
20, 30, 45, and 60 min, and at2,  4, 6, 9, 12 and24 
hours. All samples were refrigerated for at least 30 
minutes, centrifuged, and the serum was decanted 
and frozen at - 20 ~ C. 

Sample analysis 
Serum samples were extracted with hexanes using 
m-dinitrobenzene (DNB) as the internal standard. 
The hexanes supernatant was evaporated to dryness 
at room temperature under a stream of dry nitrogen 
gas and the residue in each tube was dissolved in 
benzene. A standard curve was prepared in serum 
from normal volunteers by the addition of DNB and 
thiopental to produce final concentrations of 1 ~g- 
ml-  i and 0-20  p.g' ml-  l respectively. The samples 
were chromatographed using a Hewlett packard 
5711A gas-liquid chromatograph with a nitrogen- 
phosphorus selective detecton This method was 
sensitive to 0.5 I~g' ml-  l which gave a peak to noise 
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FIGURE I Representative tracing from oae patient (MH) showing EEG baseline 13 activity before entlurane. The addition of 
enflurarLe resulted in slower activity during the control pedod before the administration of thiopemal and occlusion of the carotid 
anery. 

ratio of greater than three; the recovery of thiopental 
was 79 percent  with a coefficient of variation of five 
per cent at 20 ixg . mr-  1., 

Results 
The EEG record obtained from one patient is shown 
in Figures 1 and 2. The patient had had a previous 
completed stroke and the baseline activity recorded 
from the left hemisphere showed a lower amplitude 

*Pure thiopental> which was used as a chromatography 
standard, was obtained from Nucro Technics Limited, 
Scarborough, Ontario. m-Dinitrobenzene (Grade V) was 
obtained from Sigma Chemical Co., St. Louis, Mo. 
Benzene (pesticide grade) and hexanes (spcctroana- 
lyzed) were obtained from Fisher Scientific Limited, 
Ottawa, Ontario, and all chromatography supplies were 
obtained from Chromatographic Specialties, Brockville, 
Ontario. 

than that recorded from the right hcmisphere. Under 
anaesthesia the EEG tracing (Fig. 1) showed pre- 
dominantly beta with some theta activity and the 
administration of enflurane resulted in an increase 
in delta activity. Following the administration of 
thiopental delta activity became more prominent 
and there was some burst suppression. The suppres- 
sion pattern shown in Figure 2 occurred at two 
minutes after thiopental and was associated with 
arterial and venous concentrations of 28.4 txg. m l -  i 
and 32.3 p,g-ml-t  respectively. At five minutes, 
with an arterial concentration of 13.91~g.mt -1 
there was no burst suppression (Fig. 2) and by ten 
minutes the EEG had returned to the pre-anaesthetic 
pattern. 

The EEG was recorded in five patients. With the 
administration of the thiopental bolus before clamp- 
ing there was an increase in delta activity in all 
patients and in four of the patients a burst suppres- 
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2 MIN AFTER THIOPENTAL 
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5 MIN AFTER THIOPENTAL 

following thiopental (4mg,kg-  over FIGURE 2 Burst suppression pattern seen in one patient (MH) 2 min ] 3 rain). Thiopental 
concentrations were 28.4 Ixg.ml -~ (arterial) and 32.4 ~xg'ml -~ (venous) at this time. At five minutes, with thiopental concentra- 
tions of 13,9 Ixg'ml - t  (arterial) and 18.0 ~g "ml -~ (venous) burst suppression was no longer apparent, 

sion pattern was observed  In all instances where 
burst suppression was seen this pattern was evident 
by the end of the tl~ee nlinute period of thiopental 
administration; however,  the longest period of 
suppression (range 13-40  seconds) and duration of  
burst suppression activity (range 130-367 seconds) 
varied between patients. In all patients the cortical 
activity had returned to the pre-thiopental level by 
5 -10  minutes after the end of the thiopental 
administration. 

The arterial thiopental concentrations achieved 
during the surgical period are shown in Figure 3. 
The thiopental concentration reached 10.0 p,g' m l -  i 
- 5.1 at 5 min and was reduced to 5 la, g '  m l -  l _4. 3.6 
at 30 min. The second bolus, given when the carotid 
artery had been prepared for clamping, was admin- 
istered at 55.5 min - 8.6 after the first dose; at this 
time the arterial thiopental concentration was 2.6 
~ g . m l -  t _+ 1.5. As seen in Figure 3 the concentra- 

tions achieved were slightly greater following the 
second bolus compared to the first and the differ- 
ences reached statistical significance at the 10, 20, 
and 45 minute points (p --<- 0.05, Student 's  paired t 
test). Half lives were calculated from regression 
lines fitted to a log linear plot of the arterial 
concentrations in each patient from 120 min to 24 hr 
following the second bolus; the average t~ was 
7.8 hr - 4.9, 

Simultaneous arterial and venous samples were 
obtained in seven patients and the results during the 
carotid clamp period are shown in Figure 4. At 
2 min following the second infusion the average 
arterial and venous concentrations were 24.4 ixg. 
ml i ___ 8.7 and26.5  ~g ' r rd  -~ +- 11.1 respectively; 
the concentrations fell rapidly to 7.4 ~g .ml  -~ _-x- 
2.1 and 7.5 ~g-ml  -~ +-- 3.4 respectively by 30min  
and were not statistically different at any time (p > 
0.05, Student 's paired t test). 
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FIGURE 3 Arterial thiopental concentration following administration of thiopental 
(4 v,g'kg-= over 3 rain) during induction and before occlusion of the carotid artery. 
The time between thiopental doses was 55.5 rain -~ 8.6 (SD). The duration of carotid 
occlusion (26 min --+ 4) is indicated. All data are averages and smallest and largest 
standard deviations are indicated. 

Discussion 
This study shows that a thiopental bolus given 
before carotid clamping results in transient changes 
in the EEG which are characterized by an increase 
in delta activity and periods of burst suppression. 
These changes occurred during the 3 min period of 
drug administration, were evident at 2 rain and had 
disappeared by 5 to 10 min following thiopental 
dosing. The EEG effects were associated with high 
arterial and venous concentrations of thiopental 
(10-30 Ixg' ml -  ~) and the disappearance of the EEG 
effects paralleled the rapid fall in thiopental concen- 
trations. There was no evidence of residual barbitu- 
rate effects on the EEG at the time of removal of the 
carotid clamp. 

The optimal anaesthetic and surgical manage- 
ment of the carotid endarterectomy patient remains 
controversial. Complicating any assessment of the 
benefit of therapy, e.g., barbiturates or the use of 
shunts, is the uncertain etiology of stroke and the 
unknown incidence of cerebral anoxia during the 

procedure. In a recent retrospective study in 345 
patients undergoing elective carotid endarterec- 
tomy under regional anaesthesia, Steed e t  al .  

(1982) found an overall incidence of stroke due to 
cerebral anoxia of only 0.3 per cent, while the 
incidence due to thromboembolic reperfusion phe- 
nomena or hypotension was much higher (5.8 per 
cent). 5 Since barbiturate protection would only be 
of benefit in instances of cerebral anoxia, if these 
statistics are representative a very large prospective 
study would be required to show an improvement in 
outcome. Although the incidence of stroke due to 
anoxia appears small, the morbidity associated with 
stroke is devastating to the individual, s In those 
patients with bilateral carotid disease or an incom- 
plete Circle of Willis who are at greater risk of an 
ischaemic event, a therapeutic regimen with a 
protective agent such as thiopental could be bene- 
ficial. 

The mechanism for barbiturate protection is 
unclear; the use of barbiturates for protection is 
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FIGURE 4 ArteriaL and venous thiopemal concentrations in seven patients following thio- 
pental (4 mg-kg-~ over 3 min) before carotid occlusion. Control arterial (O) and ~.e..nous ( l l )  

concentrations were 3.3 lag. rnl- n + 6 (SD) and 4.2 lag" ml-~ -+ 2.5 respectively. Duration of 
carotid occlusion is indicated. All data are a~'erages and smallest and largest standard devia- 
tions are shown. 

based on studies in laboratory animals and on 
limited retrospective clinical studies. In the experi- 
mental animal, barbiturates have been shown to 
protect the brain when given before or shortly after 
induced focal ischaemia in dogs, In'n2 and ba- 
boons. ,3 However, in these studies large barbitu- 
rate doses (20-120 mg .kg -1) were used and were 
associated with sustained high blood concentrations 
( 1 2 - 4 0 ~ g - m l  1).m3 Clinically, in seven carotid 
endarterectomy patients, Gross et al.  (1981), 7 
titrated the administration of repeated boluses of  
thiopental to produce 15-30 second burst suppres- 
sion for the total period of  carotid clamping. These 
patients were selected from a population of 41 as 
those deemed to be at risk since abnormal EEG 
tracings were obtained during a trial period of  
carotid clamping. None of  these patients suffered a 
neurologic deficit. Although not measured, based 
on the current study it is likely that thiopental 

concentrations were maintained in the 10-30 p~g. 
ml-  t range to achieve this EEG effect. 

It is unlikely that the regimen used in the current 
study provides cerebral protection. As shown here, 
the concentrations of  thiopental following the se- 
cond bolus peaked and waned rapidly, as was 
expected from the known lipophilicity and rapid 
distribution of  the drug. Associated with the rapid 
fall in concentration, the EEG effects also disap- 
peared rapidly. Using EEG burst suppression as an 
index of  a protective concentration,~4 benefit could 
only be expected for less than the first five minutes 
while the carotid artery was occluded for almost 30 
minutes. 

The basis for the use of  the 4 mg 'kg  -1 bolus is 
unclear, although its use has been reported in 
several institutions. 9 This dose has not been ex- 
plored in clinical trials, and the only experimental 
study using a 4 mg- kg-  t dose was an early study of 
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Yatsu et at. (1972) which showed protection 
against global ischaemia in four rabbits using 
4 m g ' k g -  ~ methohexital. 15 Thus the research basis 
for this therapy appears to originate from a study in 
a small group of rabbits with global instead of focal 
ischaemia, and treated with a different drug (i.e,, 
methohexital rather than thiopental). 

The concentrations of thiopental achieved in 
blood were slightly higher after the second bolus 
than during induction. As anticipated, the drug 
initially was rapidly distributed but measurable 
concentrations persisted for 24 hours. A t�89 of 7.8 hr 
+- 4.9 was determined, a value intermediate be- 
tween values of 5.1 and 12.0 hr which are reported 
in the literature. ,5,16 

No arterial-venous gradient was seen following 
the administration of thiopental. This observation is 
of interest since both arterial and venous measure- 
ments have been used in studies of thiopental 
kinetics, ts A gradient was anticipated since a 
difference has been shown between arterial and 
venous concentrations of other lipophilic drugs 
including nitroglycerin and alcohol 1~ during in- 
fusion, although these gradients reversed following 
infusion. Further study is required to determine 
whether an arterial-venous gradient exists for thio- 
pental during infusion. However, it appears that 
either arterial or venous measurements suffice for 
pharmacokinetic analysis of thiopental in the post- 
infusion stage. 

In summary, this study shows that the admin- 
istration of a thiopental bolus results in a brief 
elevation in concentrations and transient EEG burst 
suppression. Thus, using burst suppression as a 
therapeutic index of cerebral protection, bolus 
therapy is inadequate to protect for the duration of 
carotid occlusion during carotid endartereetomy. 
From a pharmacokinetic standpoint a thiopental 
infusion titrated to achieve the desired EEG effect 
may he a logical approach. However, hypotension 
and other undesirable cardiac effects could compli- 
cate the administration of a high barbiturate load. 
Further study is required to determine whether 
barbiturates protect the brain during carotid endar- 
terectomy and, if so, to establish the optima] 
therapeutic regimen for their use. 
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R~sum~ 
On a ~tudi~ ~ dix occasions chez neuf patlents l' ~votution 

des concentrations arMrielles et veineuses de thiopental 

aprds son administration t~ une close de 4mg .kg  -1 

donna  en trois minutes. Cette dose ~tait donnde comrae 

protection c~r~brale pendant l' occlusion de la carotide 

lots d' endart~rectomie carotidienne. Chez cinq patients 

on a ~galement ~tudi~ l' ~volution de I' EEG. Les concen- 

trations art~rietles et veineuses de thiopental ~taient 

simitaires et il n'y eut pas lieu de penser qu" il existe un 

gradient art~rio-veineux. La moyenne des concentrations 

art~rietles ~tait de20.1 +-- 10 (DS) I.tg, ml-i  deax minutes 

apr~s I'injection et diminuait rapidement d 13.0 + 

3.2 txg.ml - j  d cinq minutes, t0 .7  • 4.4 ixg.ml - t  d dix 

minutes et d 6.21.~g,m1-1 d 30 minutes. Aprds le 

thiopentat, I'EEG a montr~ une augmentation de l'activitd 

delta et chez quatre patients une suppression des bouf- 

f ies.  La dur~e de ta suppression des bouff~es dtait 
variable (130 & 367 secondes) mai.~ dons tous tes  cos 

l'activud corticale dtait revenue ~ son niveau prd-thio- 

pental apr~s cinq d dix rainutes. Des concentrations de 

thiopental de 10 d 30 ~g "ral -l  ant ~t~ assocides avec la 

suppression des bouff~es, conditions qui ne furent rdali- 
s~es que dans les cinq minutes aprds l'administration du 
thiopental. Par contre la dur~e de l'occtusion de la 

carotide dtair beaucoup plus longue (26 • 4 minutes). 

Nous concluons que, comme il n' y a pas de gradient 

art~rio-veineux, les mesures de la concentration art~- 

rielle ou veineuse sont adequates pour l'~tude de la 
pharmacocindtique du thiopentaL Cependant, si on 

utilise la suppression des bouffdes ~ rEEG comme an 
index de protection cgrdbrale avec le thiopental, il serabte 

que la dose de 4 rag. kg-t  donn~e en trois minutes avanr 
l' occlusion de la carotide n'est pas addquate pour tome la 

dur~e de I'endartdrectomie. 


