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The Influence of Halothane, Isoflurane, and Pentobarbital on

Cerebral Plasma Volume in Hypocapnic and Normocapnic Rats

Julie B. Weeks, B.S.,* Michael M. Todd, M.D.,+ David S. Warner, M.D.,t Jeremy Katz, M.D.+

Cerebral blood volume (CBV = cerebral plasma volume [CPV]
+ cerebral red cell volume [CRBCV]) is one determinant of intra-
cranial pressure. In an effort to quantitate the effects of anesthetics
and Paco, on CBYV, the authors measured cerebral plasma volume
(CPV) in normocapnic (Paco, =~ 42 mmHg) and hypocapnic
(Paco, =~ 22 mmHpg) rats receiving 1 MAC doses of isoflurane or
halothane, or given an approximately equivalent dose of pentobar-
bital. All animals were paralyzed, their lungs mechanically venti-
lated, and body temperature kept normal throughout the study. CPV
was measured using '*C-labeled dextran, a large (70,000 molecular
weight [M.W.]), nondiffusible compound that was given intrave-
nously and allowed to circulate for ~5 min. The experiments then
were terminated by freezing the brains in situ with liquid N; poured
into a funnel affixed to the exposed calvarium. Isotope concentra-
tions in solubilized brain and in plasma were determined by scin-
tillation counting, and CPV was calculated as the ratio between these
values. CPV during both hypocapnic and normocapnic pentobarbital
anesthesia was less than with either volatile agent. During normo-
capnia, CPV for pentobarbital = 2.1 + 0.26 ml/100 g (mean * SD,
n = 8), compared with 2.96 * 0.44 ml/100 g (n = 9) and 3.06 + 0.44
ml/100 g (n = 9) for halothane and isoflurane, respectively. There
were no differences in CPV between the two volatile agents during
normocapnia. However, during hypocapnia, CPV in isoflurane-
anesthetized animals decreased to 2.29 + 0.43 ml/100 g, as compared
with 2.68 + 0.36 ml/100 g with halothane (P < 0.05) and 1.86 * 0.33
ml/100 g for pentobarbital (not significant vs. isoflurane, P < 0.01
for pentobarbital vs. halothane). The magnitude of these differ-
ences—particularly the changes produced by Paco,—appears to be
smaller than previously published differences in cerebral blood flow
(CBF), which supports suggestions that it may be invalid to equate
changes in CBF with changes in brain blood volume or intracranial
pressure. (Key words: Anesthetics, intravenous: barbiturates; pen-
tobarbital. Anesthetics, volatile: halothane; isoflurane. Brain: cere-
bral blood volume; cerebral blood flow; intracranial pressure. Neu-
roanesthesia.)

BOTH VOLATILE AND INTRAVENOUS ANESTHETICS can
influence intracranial pressure (ICP). Because the ICP
change produced by anesthetics usually begins within a
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very short time after the onset of drug administration, it
is unlikely that it initially reflects changes in either tissue
water or cerebrospinal fluid (CSF) volume. These early
changes are probably due to changes in cerebral blood
volume (CBV).!-® However, there has been relatively little
quantitative work done concerning the CBV effects of
anesthetic drugs. In two papers published in 1983 and
1984, Artru"? examined the effects of halothane, enflur-
ane, isoflurane, and fentanyl on CBV in dogs, measured
as changes in plasma volume relative to an NyO-anesthe-
tized control state, using '*'I-labeled serum albumin
(RISA). He noted that the three volatile agents produced
8-11% increases in volume (no significant differences be-
tween agents, although all increased CPV relative to the
preanesthetic state), whereas fentanyl resulted in a de-
crease. In 1983, Drummond ¢f al.® measured the effects
of the same volatile agents on the protrusion of the brain
through a craniectomy, an approach that provides an in-
direct assessment of changes in at least some component
of brain volume, presumably CBV. In contrast to the work
of Artru, these results suggested that halothane resulted
in substantially larger increases in brain volume (and per-
haps CBV) than either enflurane or isoflurane. However,
none of these studies directly quantitated CBV {in ml/
100 g of brain). More recently, Archer et al? quantitated
the effects of changing isoflurane concentrations, N2O,
and Paco, on CBV in dogs, using positron emission to-
mography (PET) and ''CO-labeled red blood cells. They
observed that isoflurane increased CBV by 31% in nor-
mocapnic animals, and by 15% during hypocapnia (rela-
tive to a control anesthetic state achieved with thiopental
and fentanyl). Finally, Artru compared CBV in dogs with
an intracranial mass lesion anesthetized with halothane,
enflurane, isoflurane, thiopental, or fentanyl.® In contrast
to his earlier studies in dogs with normal intracranial
pressures,? he found no differences in CBV, and essen-
tially identical decreases when Paco, was decreased from
37 to 21 mmHg (about 20%).

In an effort to better understand the effects of anes-
thetics, we have employed '*C-labeled dextran as a plasma
marker to directly measure cerebral plasma volume (CPV),
where CBV = CPV + cerebral red cell volume. Using
this tracer, we determined the relative CPV effects of 1-
MAC concentrations of halothane and isoflurane under
both normocapnic and hypocapnic conditions, and com-
pared these values with those obtained during an ap-
proximately equivalent depth of pentobarbital anesthesia.
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Methods

All experiments were approved by the University of
Iowa Animal Use Committee.

Fifty-four male Sprague-Dawley rats weighing 400
+ 25 g (mean * SD) were placed in a plastic box, and
according to a predetermined random sequence were
anesthetized with 4-5% halothane or isoflurane in O,.
After infiltration of the incision site with 1% lidocaine, a
tracheostomy was performed with a 14-G cannula, and
the animals’ lungs ventilated with a tidal volume of 3.5
ml at a rate of ~55 breaths/min, using an inspired gas
mixture containing ~1-1.5 MAC concentrations of
halothane or isoflurane in 40% Og/balance nitrogen.
Rectal temperature was maintained at 37-38° C
throughout the experiment, using a servo-controlled
warming pad. Catheters (PE-50) were then surgically in-
serted via into both femoral arteries and one femoral vein
(again after 1% lidocaine infiltration). Succinylcholine
(=~1.6 mg) was given intravenously (iv) and the animal
turned prone. The head was fixed into a stereotaxic
frame, with the interaural line =1 c¢m above the midchest.
After infiltration with lidocaine, a midline scalp incision
was made, and the skin edges and periosteum were re-
flected. After hemostasis was achieved, the 27-mm di-
ameter spout of a large funnel (supported by a ring stand)
was secured over the exposed skull using a purse-string
suture. 100 units of heparin then was given iv.

In all animals surgical preparations were completed
within 50 min,

HALOTHANE AND ISOFLURANE GROUPS

On completion of the surgical preparation, the inspired
concentration of either halothane or isoflurane was ad-
justed to 1 MAC in 36 rats (halothane = 1.0%, n = 18;
isoflurane = 1.5%, n = 18, as monitored by a Datex Model
222 Anesthetic Agent Analyzer™). The ventilator then
was adjusted to deliver a tidal volume of 4.5 ml at a rate
of 75 breaths/min. Animals were then further assigned
to one of two subgroups (n = 9 each). In hypocapnic an-
imals, Pago, was allowed to decrease to target values of
~22 mmHg, while in normocapnic rats, COy was added
to the inspired gas mixture to insure a Paco, of ~40
mmHg.

PENTOBARBITAL GROUP

Animals assigned to the pentobarbital group (n = 18)
were anesthetized with either halothane or isoflurane (in
equal numbers) and prepared in a fashion identical to
that described above. On completion of the surgical pe-
riod, the volatile anesthetics were discontinued, and 50
mg/kg of pentobarbital was given iv over ~8 min. This
dose was chosen on the basis of preliminary studies that
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demonstrated that ~50% of animals would move in re-
sponse to a tail clamp 1 h after drug administration (i.e.,
at the time of volume determination). In addition, animals
were assigned to hypocapnic and normocapnic groups as
noted above (n = 9 each).

After surgical preparation and group assignments were
completed, anesthesia was maintained using the selected
anesthetic/Paco, conditions for 55 min. Arterial blood
gas concentrations/pH were measured at 15, 30, and 45—
50 min after group assignment. In addition, a 0.3-ml sam-
ple of blood was drawn at 45 min after group assignment
for the determination of Hct, and for use as a *‘blank”
for subsequent radioactivity determinations. Mean arterial
pressure as recorded from one of the femoral arterial
catheters was maintained between 90 and 110 mmHg in
all animals, either by the infusion of homologous donor
blood or by blood withdrawal. A collective total of 2.4
mg of succinylcholine was injected in divided doses at 0,
15, and 40 min after group assignment.

Approximately 50 min after group assignment, the final
arterial blood sample was drawn and 16 uCi of '*C-Dex-
tran (70,000 molecular weight [M.W.], American Radio-
labeled Chemicals, St Louis, MO) was given as an iv bolus
in a volume of =~0.4 mi of saline. Five minutes later, a
0.2-ml sample of arterial blood was drawn, and liquid Ny
was poured into the funnel affixed to the animal’s skull.
Thirty seconds after the initial liquid Ny application, an
additional 0.2 ml of arterial blood was drawn. The two
arterial samples were mixed to ensure that the reference
blood sample adequately “bracketed” the period of brain
freezing. The funnel was kept full of liquid N, for another
5 min, during which time the heart was stopped with sat-
urated KCI (at 3 minutes after initially pouring liquid Ny
into the funnel). The funnel then was removed, and the
calvarium dissected away from the brain, along with the
dura and dural vessels. With the brain still frozen, a co-
ronal cut was made through the olfactory portion of the
frontal poles, and through the cerebrum just anterior to
the confluence of venous sinuses. A final midsagittal cut
separated the brain into left and right hemispheres, which
were removed from the skull and placed on a prefrozen
aluminum plate. Each hemisphere then was transferred
to separate preweighed scintillation vials, weighed, dried
at 55° C for 3 days, and weighed again.

SAMPLE PROCESSING

Fifty-microliter samples of blood were solubilized with
1 ml of NCS (Amersham, Arlington Heights, Ill) at 55°
C for 20 min. The samples were cooled, decolorized with
200 pl of benzoyl peroxide (0.2 g/ml of toluene), and
neutralized with 15 ul of glacial acetic acid. Fach sample
then was suspended in 18 ml of scintillation cocktail (3270,
Research Products International, Mt. Pleasant, IL). The
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TABLE 1. Arterial Blood Gases, Hemodynamic Variables, and Brain Weights

Halothane Isoflurane Pentobarbital

Hypo Normo Hypo Normo Hypo Normo Significance
N 9 9 7 9 9 8
Pao, (mmHg) 152 + 36 169 + 30 136 + 34 149 + 24 172 + 23 182 +23 NS
Paco, (mmHg) 22 % 1 41 £2 24 + 1 41 %2 23+ 1 41%3 As intended
pH 7.63 £0.02 7.43 +0.02 7.60 + 0.02 7.42 + 0.04 7.61 £+ 0.04 7.42 + 0.04 As intended
Hct (%) 42 +2 42+ 2 42+ 2 43 =2 41 +3 41+ 1 NS
MAP (mmHg) 99+5 102+6 104 £5 101 + 6 103 + 4 106+ 3 NS
Blood in (ml) 2.8+1.3 2.1+1.7 0.7+ 1.0 2.4+1.3 —53+14 —-4.2+1.9 *
Brain, wet weight ,
(®) 1.302 +0.049 | 1.317 £0.078 | 1.286 £ 0.069 | 1.310 = 0.064 | 1.309 = 0.088 | 1.314 + 0.059 NS
% Water content | 78.06 + 0.44 78.32 £ 0.34 78.40 + 0.28 78.17 + 0.42 78.42 + 0.32 78.58 £ 0.20 NS

Pag,, Paco,, pH, Hct, and MAP values obtained just before in situ
brain freezing (mean =+ SD).

Values for wet weight and percent water represent data obtained
from combining both left and right hemispheric samples.

dried cerebral hemispheres were rehydrated with 500 ul
of water, and then dissolved overnight in 4 ml of NCS
(55° C). After cooling, the solution was neutralized with
136 ul glacial acetic acid, and then suspended in 17 ml
scintillation cocktail.

All samples were placed in a dark cabinet for 5 days to
reduce chemoluminescence. They then were counted on
a Tracor Analytic Mark I1I'™ scintillation counter. Counts
per minute (CPM) for both blood and brain were con-
verted to decays per minute (DPM) using calibration
curves constructed with "*C-labeled benzoic acid standards
(New England Nuclear, Boston, Mass). Radioactivity in
blood was expressed as DPM/ul, whereas that in brain
was expressed as DPM/mg wet weight.

CALCULATIONS

1C-Dextran is a plasma marker. If measured arterial
Hct and tissue Hct were identical, this tracer could be
directly used to measure CBV. However, brain tissue Hct
is lower than large vessel Hct.®~'° Furthermore, the ratio
between brain and large vessel Het may vary with differing
physiologic conditions.'® Our results are therefore most
accurately expressed as cerebral plasma volume (CPV),
rather than as CBV (which is the sum of plasma and red
cell volumes). Cerebral plasma volume was calculated ac-
cording to the following equation”-§:

§ We were initially concerned that changes in CBV would be asso-
ciated with changes in measured tissue wet weight. If this were true,
then wet weights would vary from group to group in parallel with
CBYV, i, an increase in the amount of blood per hemisphere would
lead to an increased number of counts and to an increase in weight.
This might lead to an underestimate of actual CBV. However, ex-
amination of both our hemispherig wet weights and the per cent water
calculations for the groups showed no differences (See Table 1).

* P < 0.05 for both pentobarbital groups versus all others.

CPV (ml/100 g)

_ brain radioactivity (DPM/mg wet weight) X 100
B blood radioactivity (DPM/ul)

X (1 — arterial Hct)

STATISTICS

All statistical analyses were performed using a two-way
factorial analysis of variance (ANOVA), with anesthetic
and Paco, (hypocapnic or normocapnic) as between-group
factors. When indicated, post-hoc pairwise comparisons
were carried out using a Student-Newman-Keuls test. A
P value of <0.05 was considered significant.

Results

Nine animals were initially entered into each of the six
groups. Errors in sample processing resulted in loss of
data from three animals (two hypocapnic isoflurane, one
normocapnic pentobarbital). There were no intergroup
differences in Pag,, Hct, or MAP (table 1). The Paco,
and pH varied as intended. Animals receiving halothane
or isoflurane required the infusion of blood to maintain
blood pressure (BP) at the desired level, while most rats
given pentobarbital required phlebotomy (table 1).

Cerebral plasma volume data are shown in figure I,
and intergroup statistical comparisons are shown in figure
2. During both normocapnia and hypocapnia, CPV was
lower with pentobarbital than with either of the volatile
agents. In addition, CPV during hypocapnia was lower
during isoflurane anesthesia than with halothane, in spite
of the similar CPV values seen for the two agents during
normocapnia. However, the differences between hypo-
capnic and normocapnic CPVs in halothane and pento-
barbital groups did not achieve statistical significance.
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FIG. 1. Cerebral plasma volume values (mean + SD, ml/100 g wet
weight) in the six experimental groups, divided according to hypo- or
normocapnia. For statistical comparisons, see figure 2.

The differences in measured CPV were not reflected
by any differences in either brain wet weight or water
content (table 1).

Discussion

Cerebral blood volume plays an important role in de-
termining the ICP response to anesthetic agents, but in
spite of many studies examining the cerebral blood flow
changes produced by anesthetics, relatively little infor-
mation is available concerning CBV.'-% If CBF and CBV
changed in parallel, this lack of data would be of little
consequence. However, there are numerous experimental
examples showing that CBF and CBV do not change in
parallel.'""'#!*15 Grubb et al."' noted that the slope of
the CBV-versus-Paco, response curve in monkeys was
much flatter than that for CBF versus Pago,; reducing
Paco, from 40 to 20 mmHg reduced CBF from =55
ml-100 g™'-min~" to 19 ml+ 100 g™+ min™! (a 65% de-
crease), whereas CBV decreased from 3.6 ml/100 gto
2.8 ml/100 g (a 22% decrease). A similar observation was
noted by Risberg et al.'? In fact, these relatively “flat”
CBV /Paco, curves are similar to the small responses seen
to COq in our rats, and in dogs as studied by Artru.® In
1976, Gado et al.'® measured a 37% increase in CBV dur-
ing pentylenetetrazol (Metrazol)-induced seizures (4.1 to
5.6 ml/100 g), whereas CBF increased by 390% (from
38 to 187 ml- 100 g~'+ min~'). In addition, measure-
ments made during ischemia have shown an increase in
CBV occurring at a time when CBF is low,'®! while
Michenfelder and Milde'® recently demonstrated that the
administration of nitroprusside was capable of increasing
ICP (an indirect measure of changing CBV) with no ac-
companying change in CBF. With respect to the influence
of anesthetics, Theye and Michenfelder!” noted in 1968
that 1 MAC halothane (added to a background of 70%
N.0) increased CBF from 60 to 85 ml- 100 g™+ min~!
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(a 42% increase). However, Artru' reported that a similar
concentration of halothane (also added to NoO) increased
CBV (actually CPV) by only 11%.

These inequalities between changes in CBF and CBV
are not difficult to understand, particularly when one rec-
ognizes that the bulk of intracranial blood is located in
postarteriolar vessels (e.g., veins).'® Although there is no
reason to believe that these vessels should be insensitive
to the vasoactive properties of anesthetics, there is also
no reason to believe that they will respond in a fashion
identical to regions that control flow (i.e., arterioles). We
hence believe that it is unwise to assume that a measured
change in CBF will represent a similar change in CBV.
Perhaps more importantly it would also seem to be in-
appropriate to conclude that an observed change in CBF
will result in some predictable change in ICP, or that one
drug will produce a greater increase in ICP than another,
simply because it produces a greater effect on CBF. Such
conclusions require direct measurements of either ICP
or CBV.

There are several methodologic issues concerning the
current study that need to be discussed. First, we mea-
sured only the plasma component of CBV. As mentioned
in “Materials and Methods,” double-label studies (e.g.,
%ICr-labeled red cells and '*'I-labeled albumin) demon-
strate that cerebral tissue Hct is lower than that in large
vessels, with a tissue/large vessel Hct ratio of 0.7-0.85
being variously reported for small animals.®~® If this ratio
were constant under all conditions, it would be possible
to correct our CPV values and calculate total CBV. How-
ever, Sakai e/ al.'® have suggested that the tissue/large
vessel Hct ratio may change under various conditions,
This suggests that it may be misleading to convert mea-
sured CPV values to total CBV. Nevertheless, there is no
reason to believe that our measurements of CPV do not
reflect general intergroup differences in CBV.

The second issue concerns the method by which the
brains were frozen and the animals killed. In two recent

HYPOCAPNIA NORMOCAPNIA
Halothane —  268+036 -—-NS—— 2561044
} f
0.05 NS
¢
Isoflurane 0.01 2294043 ~- (0] - 3.06+0.44 0.01
i
I\TS 0.01
l
Pentobarbital — 1.86+£0.33 g NG—— 2104026  ——

FIG. 2. Measured CPV values and statistical comparisons. Values
are means + SD, expressed as ml/100 g of brain tissue. Statistical
analysis using two-way ANOVA with post-hoc Newman-Keuls testing.
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rat studies on CBV”"! animals were killed by decapitation
or drug overdose, and the brains removed while still
warm. The potential for losing blood from the intracranial
space is obvious, and our CPV values are larger than the
values obtained by such decapitation methods. For ex-
ample, Cremer e! al.,” studying animals killed by decapi-
tation or pentobarbital overdose, obtained CPV values in
various brain regions of 0.44-1.00 ml/100 g, whereas
Todd et al.'” measured a dextran distribution space of
1.6 ml/100 g in halothane-anesthetized animals killed by
decapitation.”'® By contrast, Everett ¢t al.% froze pento-
barbital-anesthetized rats in liquid N and obtained a CPV
= 2.12 ml/100 g (vs. 2.10 ml/100 g in our animals).®
These findings suggest that in situ freezing is preferable
to decapitation. However, it may still not be ideal. Using
a surface funnel method,?° full-depth freezing requires
30-45 s, leaving the possibility that CBV in areas more
distant from the dorsal surface of the brain may change
before the freezing front reaches them. However, Archer
et al.* measured CBV by PET scanning in living animals,
using carbon monoxide-labeled red cells. Estimated CPV
in that study during 2.0% isoflurane was ~3.2 ml/100
g (our calculation). This compares with a value of 3.01
ml/100 g in our normocapnic isoflurane-anesthetized an-
imals, suggesting that our observed values are reasonable.
Nevertheless, we recognize that the ideal sacrifice method
would be one that instantaneously fixes blood in place,
or at least one that prevents any blood from leaving the
intracranial space during the freeze. Possibilities include
focused microwave radiation, or the use of a very high-
pressure neck tourniquet applied at the same time as the
liquid Ny. We are exploring both possibilities for future
studies.

The final issue to be addressed concerns the apparent
relationship between CPV and the volume of blood in-
fused or withdrawn from animals in the various groups
(which was done to control blood pressure). There is no
question that these volume alterations seem to change in
parallel with the measured CPV values. It hence might
be argued that our CPV measurements are not due to
anesthetic effects on the brain, but are somehow related
to changes in whole body blood volume. We believe this
to be unlikely, for several reasons. First, the infusion or
withdrawal of blood presumably alters BP via its effects
on cardiac output—a circulatory parameter that has little
influence on cerebral blood flow and hence, presumably,
little effect on cerebral blood volume (although this has
not been directly studied). It is possible that blood infu-
sion/withdrawal might alter right atrial pressures (RAP)
differently in the different anesthetic groups, with resul-
tant differences in cerebral venous pressures (which would
alter CPV). However, in a separate study carried out to
examine this possibility, we measured RAP in normocar-
bic halothane- and pentobarbital-anesthetized animals in
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which blood volume was altered in the fashion used for
this study (i.e., to achieve mean arterial pressure of 100
mmHg). Under such conditions, right atrial pressure dif-
fered by only 1 mmHg between groups, a difference we
believe is unlikely to influence CPV significantly. In ad-
dition, linear regression analysis of CPV versus blood in/
out within individual groups (i.e., within the normocarbic
halothane group) show no significant correlations. As a
result of these considerations, we feel that it is far more
likely that the relationship between CPV and blood in/
out is coincidental; drugs like halothane and isoflurane
dilate both the cerebral and peripheral vasculature,
whereas in this species pentobarbital appears to constrict
both. In addition, we believe that this approach to the
experiment is preferable to either 1) permitting widely
different BP values between groups, or 2) controlling BP
using vasoactive drugs.

Given these caveats, we believe that our results reflect
the differences in CBV that exist between the various an-
esthetic/Paco, conditions that were studied. As expected,
CPV during pentobarbital anesthesia was significantly
lower than that observed with either of the volatile agents.
Of greater interest were the essentially identical CPV val-
ues noted during normocapnia with both halothane and
isoflurane, but the presence of a steeper CPV~Pacg, re-
sponse curve for isoflurane. The similar values seen during
normocapnia would seem to conflict with the belief that
halothane is a more potent vasodilator than is isoflu-
rane.?!#2 However, recent work by Hansen et al.?® has
suggested that halothane and isoflurane produce mark-
edly different patterns of flow distribution within the
brain, and that these earlier reported “differences” may
be due to the measurement methods used. In addition,
this same work indicated that “‘whole brain” CBF at 1
MAC was identical for the two agents. More importantly,
two publications by Madsen et al.,*** who measured
global CBF in humans with the Kety-Schmidt technique
(hence avoiding any problems with regional specificity),
noted very similar CBF values during equi-MAC doses of
halothane and isoflurane. These CBF findings combined
with our CPV measurements suggest that these two drugs
may have very similar acute ICP effects during normo-
capnia, although we also realize that ICP changes over
longer periods may be influenced by factors other than
CBV, including changes in CSF volume and dynam-
ics.!2528 Although the ICP effects of halothane and iso-
flurane have never been directly compared in humans,
Scheller et al.?” saw nearly identical ICP increases with
the two agents in normocapnic brain-injured rabbits. This
may not be true during hypocapnia, and our observations
of a steeper CPV /Pacg, responsiveness for isoflurane ap-
pears to correspond qualitatively with the CBF-Paco, re-
sponse curves obtained for these agents by Drummond
and Todd,?® in which CBF at a Page, =20 mmHg was
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lower during isoflurane anesthesia than with halothane.
Similar results were obtained by Scheller et al.** However,
Scheller et al. also noted that the ICP responses to halo-
thane and isoflurane were similar during hypocapnia,?’
and hence we must be careful about trying to extrapolate
CBV and CBF data to more “clinically relevant” circum-
stances, and it may be that our results are not applicable
to situations in which the brain is injured, or in which
ICP is elevated.® Furthermore, our measurements were
made 1-2 h after the initial administration of the agents,
and we cannot rule out the possibility that transient dif-
ferences in volume were present (see ref. 3).

In summary, we have compared the effects of three
anesthetics and Paco, on CBV by the use of a radioactive
plasma marker and measurements of CPV. Our results
indicate that barbiturate anesthesia, during both nor-
mocapnic and hypocapnic conditions, results in consis-
tently lower cerebral plasma volumes than do either of
the volatile agents studied. In addition, CPV values were
essentially identical during normocapnic isoflurane and
halothane anesthesia. Finally, although the slopes of the
CPV-Paco, response curves for all three agents appear
to be much “flatter” than published CBF-Paco, curves,
the slope of the response curve seen during isoflurane
anesthesia is significantly steeper than with halothane.

The authors would like to thank John Tinker, M.D., for his continued
encouragement and support.
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