Anesthesiology
\' 42, No 4., Apr 1973

Intracranial Pressure during Hypotension and
Subsequent Vasopressor Therapy in
Anesthetized Cats

Edward H. Stullken, Jr., M.D.,” and Martin D. Sokoll, M.D.t

The effects of vasopressor therapy on intracranial
pressure (ICP) during hypotension were evaluated
in 45 adult cats anesthetized with pentobarbital and
hyperventilated via an endotracheal tube with
nitrous oxide, 70 per cent, and oxygen, 30 per cent, to
maintain Pag, 25 = 5torr. Hypotension was induced

by intravenous admini ion of trimethaphan cam-
sylate or sodi itroferricyanide and by h

rhage. V. { inephrine, ephedrine, or
isop 1) administration in the ab of
hypotension caused slight transientincrease: in ICP.
Trimethaph duced i in ICP averaging

4.3 mm Hg, while sodium nitroferricyanide caused
no change and hemorrhage decreased ICP by 3.9
mm Hg. After hyp ion was blished, vaso-
pressors caused increases in ICP of 1-21 mm Hg.
The greatest increase was seen with norepinephrine
during sodi itroferricyanide-
induced hy i I in ICP were pro-

d in absol itude and rapidity of rise
but were of short duration (2 to 5 minutes). The
elevation of pressure might be of clinical significance
in patients who have pre-existing intracranial hy-

ion or sp: pying lesions. (Key words:
Anesthetic techni induced hy son: Cer.
b inal fluid, p s Brain, I ial pres-

sure.)

THE FLUCTUATIONS of intracranial pressure
(ICP) in relationship to various anesthetic
techniques have been well studied in animals
and man. However, the effects on ICP of other
ancillary techniques common to neurosurgery
have not been well studied. For example, to
reduce bleeding and brain bulk during
craniotomy, hypotension may be induced by
sodium nitroferricyanide!? or trimethaphan
camsylate* administration and by deep
halothane anesthesia.’ The effects of induced
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hypotension and the use of vasopressors
during hypotension on ICP have not been
measured. When hypotensive agents are used,
profound hypotension (systolic pressure <60
mm Hg) may occur. Although this is most often
treated by discontinuance of the hypotensive
agent, occasions may arise when the use ofa
vasopressor is considered indicated. Hypo-
tension induced by surgical hemorrhage is also
frequently treated with vasopressors when
hemorrhage is rapid and blood replacement is
not immediately available.®

This study examined the relationships
between ICP, arterial hypotension, and
vasopressor administration.

Methods and Materials

Forty-five adult cats weighing 2 to 6 kg were
anesthetized by intraperitoneal injection of
sodium pentobarbital, 30 mg/kg. The tracheas
were intubated and the cats ventilated with
N,0-0. (Flp, = 0.30) to maintain Paco, 25
~ 5 torr. Rectal temperatures were main-
tained at 35-38 C. Arterial and venous iliac
cannulations were performed. A 4-mm hollow
threaded bolt was inserted through a tem-
poroparietal burr hole of slightly smaller
diameter than the bolt with the tip of the bolt
resting in the subarachnoid space. A Luer-lok
adapter soldered to the head of the bolt was
attached to a Statham P23Db transducer by
vinyl tubing. The entire system was filled with
saline solution, and pressures from the
subarachnoid space were recorded on a
Beckman Dynograph.? Arterial and in-
tracranial pressures and EEG were recorded
continuously. Venous cannulas were used
for infusion of 3 per cent dextrose in water;
all drugs were administered in 30-second
infusions.

After each cat was prepared and an hour had
been allowed for stabilization, control arterial
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TaBLE 1. Arterial and Intracranial Pressure Changes with V. ors and Hy ive
Agents Alone (Means = SD)
Control Intacranial Intraczanial
Control Blood Pressure Blood Pressure Intracranial Pressure Pressure
Blood Pressure after Agent Change Pressure after Agent Change
(mm Hg) (mm Hg) (mm HY (mm Hg) (mm Hg) (mm Hg)
Norepinephrine 85.7=238 | 176.9 = 256 913395 | 74=28 | 11.8=40 | +43=20
P <0.001 P < 0.001
Ephedrine 107.7 = 27.0 | 173.8 = 26.4 66.1 =30.7 { 6.5=24 9.7=40 | +3.1=x22
sulfate P < 0.001 P < 0.001
Isoproterenol 119.0 = 23.7 669=253 | —52.1 =365 | 73=3.0 | 114=39 | +4.0=23
P <0.001 P <0.001
Trimethaphan 1029 = 248 406=100 | -623 =243 | 76=32 | 11.9=58 | +43=36
camsylate P < 0.001 P < 0.001
Sodium nitro- 116.6 = 24.5 37.0= 130 | -796 =249 | 7.5=28 84=28| +09=21
ferricyanide P < 0.001 NS
8 per cent body | 117.7 = 35.6 500=17.8 | -67.7 =333 | 7.7= 19 23=30| -53=17
weight P < 0.005 P < 0.001
hemorrhage

TABLE 2. Arterial and Intracranial Pressure Changes after Hypotension and Vasopressors (Means = SD)

Blood Pressure Intracranial

after Change in Pressure after Change in Change in
Hypotension Change in Blood Pressure ial ial

and Blood Pressure from and Pressure from Pressure from

Vasopressor from Control Hypotension Vasopressot Control Hypotension

(mm Hg) (mm Hg) (mm He) (mm Ho) (mm Hg) (mm Hg)

Group 1 117.6 = 21.9 226 = 286 886=183 | 254=30 +15.8 =47 | +102=28
NS P < 0.001 P < 0.001 P < 0.005

Group 2 1464 = 28.7 48.4 = 43.3 103.6 = 24.4 299 =97 +219 =68 | +21.1=5.9
NS P <0.001 P <0.005 P < 0.005

Group 3 145.5 = 34.1 734 =398 101.6 = 26.3 27%24 -2.9=29 +25= 1.7
P < 0.020 P <0.001 NS P < 0.050

Group 4 1194 = 39.8 15.6 = 23.8 71.3 = 394 13.7= 1.7 +8.0=27 +4.7=5.1

NS P <0.020 P < 0.005 NS

Group 5 153.2 = 44.2 346 = 38.0 123.4 = 46.2 236 = 6.6 +16.4 =38 | +155=63
N§ P < 0.001 P <0.001 P <0.010

Group 6 115.6 = 36.6 —138 =540 184 =85 +10.1 =77 | +141=98
NS P < 0.050 P <0.050

Group 7 512= 94 -58.6 = 25.8 11.5=7.1 +4.0=4.2 +0.0 = 4.4

P < 0.010 NS NS

Group 8 1406 = 7.0 4= 78 145 =26 +7.2=3.0 +6.2 = 2.0
NS P < 0.010 P < 0.005

Group 9 1242 = 41.3 -3.2=286 96=13 +1.0=17 +3.3=06
NS NS P <0.001
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FiG. 1. Effects of norepinephrine alone and norepinephrine following sodium nitroferricyanide on
intracranial pressure and arterial blood pressure. Time = 1 mark/min.

pressure and ICP measurements were re-
corded. Mean arterial pressure was calculated
as the diastolic pressure plus one third of the
pulse pressure. Each cat served as its own
control during the experiment. Three repre-

The cats were divided into nine groups of
five each. Each received one type of vaso-
pressor and one type of hypotensive agent,
according to the following schedule:

sentative vasopressors, norepinephrine, iso- Norepi- Isopro-
proterenol, and ephedrine, were chosen for nephrine Ephedrine terenol
study. Hypotension was produced using
sodium nitroferricyanide, trimethaphan cam- Trimethaphan
sylate, and hemorrhage accomplished with camsylate Groupl! Group4 Group7
2-minute periods of exsanguination. Dose of  §odium nitro-
hypotensive agent and amount of hemorrhage ferricyanide Group2 Group3 Group8
(approximately 8 per cent of body. weight) Hemorrhage
were chosen to produce a systolic blood (8 per cent
pressure of 45 = 8 mm Hg. body weight) Group3 Group6 Group9
200, n " " LA " "

o BP

X

E

3

F1G. 2. Effects of oL 4 +
sodium nitroferricyanide z m
followed by ephedrine 5 -z
on intracranial pressure oz 2a
and arterial blood pres- o3 3
sure. Time = 1 mark/min. 50 3 ~<2
2 ICP
&

mmHg
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F1G. 3. Percentage changes in arterial and intracranial pressures from control—induced hypotensive
episodes treated with norepinephrine. Arrow indicates direction of change.

After control measurements were obtained,
a vasopressor was administered and mean
pressures were again recorded. One hour was
then allowed for restabilization. Hypotension
was induced and the animal allowed to recover
spontaneously to examine the effect of
untreated hypotension on ICP. Following a
second one-hour restabilization period, hy-
potension was again induced to the same
extent and the vasopressor immediately
administered. The duration of the hypotensive
period was 1-3 minutes. Pressures were then
recorded continuously for four hours.

Student’s t test was used to determine the
significance of arterial and intracranial pres-
sure changes. P < 0.05 was considered sig-
nificant.

Results

Norepinephrine, ephedrine, and iso-
proterenol increased ICP transiently and
only slightly when administered to previ-
ously normotensive animals. Arterial and

intracranial pressure changes occurred con-
currently, but arterial pressure changes were
of much longer duration (10-45 minutes as
opposed to 0.5-3 minutes for ICP) (table 1;
figs. 1 and 2). All three methods of inducing
hypotension effectively lowered mean arte-
rial pressure. ICP was increased by
trimethaphan, unchanged by sodium nitrofer-
ricyanide, and decreased by hemorrhage.
These ICP changes were also transient (1-3
min) (table 1). \When vasopressors were
administered after induced hypotension, ICP
elevations, when present, lasted 2-5 min-
utes. The increases in ICP were rapid in
onset. Peak pressures were sustained for 20
seconds to 2 minutes, with a gradual return to
normal.

The effects on ICP of a vasopressor
administered to hypotensive animals were
different from the action of either the vaso-
pressar or the hypotensive agent alone (table
). In Groups 1 and 2 (norepinephrine after
trimethaphan and norepinephrine after
sodium nitroferricyanide), ICP’s increased
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FIG. 4. Percentage changes in arterial and intracranial pressures from control—induced hypotensive
episodes treated with ephedrine sulfate. Amow indicates direction of change.
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episodes treated with isoproterenol. Arrow indicates direction of change.

ures from control—induced hypotensive
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165 (P < 0.001) and 264 per cent (P < 0.003).
respectively., while arterial pressures did not
significantly exceed control values (fig. 3. A
and B). In Group 3. hemorrhage decreased
ICP and norepinephrine
administration returned it to near control (fig.
3C).

In Groups 1 and 2. the increases in ICP
after norepinephrine was given to hypo-
tensive animals exceeded the increases seen
with either norepinephrine alone or hypo-
tensive agents alone. In Group 3, norepineph-
rine brought ICP to its control level after the
hemorrhage-induced decrease.

The administration of ephedrine  after
trimethaphan-induced hypotension (Group 4)
increased 1ICP to 140 per cent (P < 0.005)
above the control value (Fig. 44), while ICP
increased 2328 per cent (P <0.001) with
ephedrine following sodium nitrofer-
ricvanide administration (Group 3) (fig. 4B).
In Group 6 (ephedrine after hemorrhage). an
increase in ICP to 122 per cent (P < 0.05)
above control occurred (fig. 4C).

In Groups 4. 5. and 6. mean arterial
pressures increased significantly from their
hypotensive levels but did not significantly
increase over prehivpotensive control levels.

subsequent

In these groups, increases in ICP again
exceeded the sum of the ICP changes result-
ing from ephedrine alone and hypotensive
agents alone.

Isoproterenol administration did not in-
crease ICP in animals in which hypotension
was induced with trimethaphan (Group 7)
{fig. 34}, but did cause a significant increase
(99 per cent. P < 0.01) after sodium nitrofer-
ricvanide (Group $) (fig. 53B). Mean arterial
pressure did not exceed the control value. In
Group 9 (isoproterenol after hemorrhagic
hypotension) ICP
nificantly above control (fig. 5C). Isoproterenol
also did not significantly change mean arterial
pressure.

led to increase sig-

In all nine groups, EEG activity appeared
to be influenced by blood pressure alone.
Depression occurred at mean arterial pres-
sures < 50 mm Hg: EEG activity reverted to
normal as arterial pressure returned to con-
trol levels.

E. H. STULLKEN AND M. D. SOKOLL a2

ethesioloiy
4. Apr 1975

Discussion

The results of our study indicate that in the
cat. vasopressors, hypotensive agents, and
particularly their combinations, significantly
affect ICP. Vasopressors alone increased ICP
transiently and slightly.® Autoregulatory proc-
esses returned ICP to control levels within
0.5-3 minutes, long before arterial pressure
retumed to normal. The transient increases
in ICP seen with these drugs alone should
not be deleterious in the clinical situation
where ICP is normal. However, in pathologic
states. where ICP is already elevated or
compensatory mechanisms are maximally ac-
tive. these small changes might be sig-
nificant.

ICP was increased by trimethaphan, un-
changed by sodium nitroferricyanide, and
reduced by hemorrhage. Volle and Koelle®
described a direct arteriolar vasodilating ac-
tion of trimethaphan that reinforces the ef-
fects of ganglionic blockade. This direct
sodilating action may occur in CNS vascu-
lature, causing a transient increase in ICP in
the face of moderate systemic hypotension.
Although it has not been proven. the increase
in ICP seen with trimethaphan might also
indicate some autonomic control of cerebral
blood volume. Hemorrhage reduced ICP.
prob: bly by reducing the amount of blood in
the cerebrovascular bed.” The decrease in
ICP persisted as long as the decrease in
arterial pressure. The short increase in ICP
seen with trimethaphan was, like the in-
creases seen with vasopressors. insufficient
to be clinically deleterious unless ICP were
initially  elevated or compensatory
mechanisms overwhehned.

Norepinephrine, ephedrine, and iso-
proterenol, administered to already hypo-
tensive cats. had an effect on ICP that
differed from their effect when administered
to normotensive cats. The greater increases
in ICP after hypotension and subsequent
vasopressor therapy cannot be explained by
the higher arterial pressures, since mean
arterial pressures in hypotensive cats given
ephedrine sulfate and norepinephrine never
exceeded the pressures resulting from
administration of the same doses of drugs to
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normotensive cats. Hypotensive cats given
isoproterenol never regained their control
arterial pressures, although arterial pressures
did increase from hypotensive levels. It ap-
pears that trimethaphan, sodium nitrofer-
ricyanide, and hemorthage interfere with
mechanisms controlling ICP, permitting sub-
sequent vasopressor therapy to elevate ICP
more than the sum of the increases seen with
vasopressor or hypotensive agent alone.
These increases were also of somewhat
longer duration than increases seen with
hypotensive agents or vasopressor alone.

One possible explanation for the increased
magnitude and duration of ICP elevation
after hypotensive agent followed by vaso-
pressor may be in the cerebral metabolic
effects of the hypotension. With the de-
creased cerebral blood flow during hypo-
tension, acid metabolites may have accumu-
lated. Acidosis alone can cause cerebral
vasodilatation.!® This vasodilatation, followed
by a marked increase in blood pressure,
might give rise to these changes.

Qur results show that, in the cat,
norepinephrine or ephedrine following
either trimethaphan or sodium nitrofer-
ricyanide can cause marked elevations of
ICP. Increases of ICP were also seen with
isoproterenol following sodium nitrofer-
ricyanide. Increases were not seen with
isoproterenol following trimethaphan or
hemorrhage. Although not examined in this
study, the same increases may occur in man.

The results seen in this study may have
been influenced by the anesthetic technique
used. Both barbiturate administration'! and
hypocarbia are known to decrease elevated
intracranial pressures. Although it is possible
that the anesthetic technique used may have
decreased the magnitude of the pressure
changes seen, the actual effect remains un-
certain.

The results also suggest that norepineph-
rine would be preferable to ephedrine as a
vasopressor for patients in hemorrhagic shock
with concomitant head injuries because of
the increased ICP seen with the latter agent
when administered to hypovolemic cats.

INTRACRANIAL PRESSURE AND INDUCED HYPOTENSION
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Further study is needed to correlate our
results in the cat with effects in human
subjects and to elucidate the mechanisms of
autoregulatory disruption following induced
hypotension.

Drugs Used: Norepinephrine (Levophed bitar-
trate), Winthrop Labomtones. ephedrine sulfate,
Abbott Lab 1 (Isuprel hy-
drochloride), Wmthmp Labom(ones trimethaphan
camsylate (Arfonad), Roche Laboratories; sodium
nitroferricyanide, sodium nitroprusside, University
of Iowa Hospital Pharmacy; sodium pentobarbital
(Nembutal), Abbott Laboratories.
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