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Intracranial Pressure in the Cat during
Nitroglycerin-induced Hypotension

Mark C. Rogers, M.D.,* Coos Hamburger,t Kim Owen, B.A.,t Mel H. Epstein, M.D.t

Intracranial pressure measurements were made during nitro-
glycerin-induced hypotension in the cat anesthetized with halo.
thane. A total of 48 individual observations were made in eight
animals. The administration of sufficient nitroglycerin to decrease
mean arterial pressure from a control value of 87 + 7 torr by
12 £ 4 torr resulted in an increase in mean intracranial pressure
from a control value of 7 + 2 torr to 12 = 2 torr. Larger decreases
in mean blood pressure were associated with larger increases
in intracranial pressure. The increase in intracranial pressure
was similar to that previously reported for nitroprusside, and
greater as well as more reproducible than that reported for tri-
methaphan. Thus, nitroglycerin may produce significant increases
in intracranial pressure, and this may be a limiting factor in its
clinical use. (Key words: Anesthetic techniques, hypotension,
induced: nitroglycerin. Blood pressure, hypotension. Cerebro-
spinal fluid: pressure.)

IT HAs BEEN REPORTED that sodium nitroprusside
and trimethaphan increase intracranial pressure (ICP)
when administered for purposes of inducing controlled
hypotension.'~® Nitroglycerin has recently been advo-
cated as a clinically useful vasodilator drug for inducing
controlled hypotension during anesthesia,* and specifi-
cally during neurosurgical procedures.® Whether this
agent is capable of provoking increased intracranial
pressure during induced hypotension, however, had
not been investigated. This paper reports the results
of our study of this possibility.

Methods

Male cats weighing 3-5 kg were used in the experi-
ments. The animals were anesthetized by placing them
in a specially designed closed-hood cage to facilitate
anesthetic induction with halothane, 4 per cent, and
oxygen, 30 per cent. When asleep, each cat was re-
moved, the trachea intubated with a 2.5-mm endo-
tracheal tube, and the lungs ventilated via a Harvard
607 respirator with halothane, 1 per cent, in oxygen-
enriched air (oxygen concentration 30 per cent). A
femoral artery was catheterized and another catheter
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inserted into a femoral vein and threaded to the right

~atrium. These catheters permitted frequent sampling

of arterial blood for blood-gas analyses, as well as
continuous monitoring of blood pressure and central
venous pressure with Statham® pressure transducers
(p23Db) and Model 150 recorder. The animal was
then paralyzed with a continuous infusion of pan-
curonium bromide, 23 ug/kg/hour, and the ventilator
adjusted to maintain Pag, > 90 torr, Pacy, 40 = 3
torr, and pH 7.42 + .04. Supplemental sodium bicar-
bonate was infused as necessary at the rate of 1.25
mEq/hour to maintain a base deficit of +2, Rectal
temperature was continuously monitored and main-
tained at 37 = 0.5 C with the use of a heating blanket
and lamp as needed.

The animal was then placed in a “sphinx” position
in a stereotactic frame. Muscle and connective tissue
were retracted to expose the atlanto-occipital mem-
brane. The dura was punctured and a 17-gauge cathe-
ter inserted into the cisterna magna to a depth of
1 mm. Care was taken to avoid introduction of air
bubbles into the cisterna. The catheter was secured
and connected to a Statham pressure transducer for
continuous measuring of ICP. The experiment was
initiated once the monitored physiologic variables
were stable.

Nitroglycerin (Lilly) was diluted in physiologic
saline solution and standardized as a 3-ml injection
over 15 sec. The doses given ranged from 5 to 20
nglkg, and were known from earlier experiments
to be sufficient to produce decreases in mean arterial
blood pressure of 10 to 30 torr. Subsequent injections
were not made until the blood pressure had been
stable at the pre-drug level for at least 10 min. Com-
parisons between changes in blood pressure and ICP
were made using mean pressure values. Mean systemic
blood pressure was calculated as diastolic blood pres-
sure plus 0.33 X pulse pressure, and mean ICP was
calculated as diastolic pressure plus 0.50 X intra-
cranial pulse pressure.? Statistical comparisons were
made by use of the Student ¢ test, and P < 0.05 was
considered significant.

Results

A total of 48 individual observations were made in
cight cats. The injection of sufficient nitroglycerin to
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TasLe 1. Relationships of Small, Moderate, and Large Decreases
in Mean Systemic Blood Pressure to Increases in Mean
Intracranial Pressure (Mean = SEM)

_ Dccrﬂ{sc . Maximum ICP
Control BP ot BP Contral ICP after
(torr) (torr) (torr) Nitroglycerin
Group 1
(n= 15) 87+ 7 12 £ 4 7+2 12 £ 2%
Group 11
(n=14) 92 = 10 21 =7 8§+3 18 + 4%
Group 111
(n=17) 90+ 6 30 £ 7 8=x3 20 = 5*

BP = mean systemic blood pressure; TCP = mean intracranial
pressure.
*P < .05 compared with ICP.

produce hypotension resulted in an increase in intra-
cranial pressure in each observation in every animal
(table 1). In two animals, the injection of nitroglycerin,
5 ug/kg, failed to produce either significant hypo-
tension or a significant increase in intracranial pressure,
but the higher (10 ug/kg) doses produced both hypo-
tension and increases in intracranial pressure. Each
decrease in blood pressure and increase in intracranial
pressure occurred within 2—3 sec of injection, and
gradually disappeared over 30-120 sec (fig. 1). The
increases in intracranial pressure often persisted for
15-60 sec after the return of blood pressure to con-
trol values.
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Discussion

The hemodynamic effects of nitroglycerin differ
from those of other agents used for controlled hypo-
tension, such as trimethaphan and nitroprusside.
While nitroglycerin is a potent direct vasodilator of
both arterial and venous vascular smooth muscle,®
it does not consistently decrease arteriolar resistance.”
The decreases in ventricular systolic and diastolic
volumes,® as well as decreased pulmonary capillary
wedge pressure®? produced by this agent are due pri-
marily to pooling of blood in large systemic veins and de-
crease in venous return.?!® Furthermore, when the
effects of nitroglycerin on the blood supplies to specific
organ systems are analyzed, it is apparent that nitro-
glycerin produces disparate responses in different
vascular beds. Ferrer' even reported that nitroglyc-
erin had a vasoconstrictive effect on the splanchnic
circulation.

With disparate effects on different vascular beds
and only preliminary observations on cerebral vascu-
lature,®!! the effects of nitroglycerin on ICP could
not be predicted with certainty. While the fact that
nitroglycerin increases ICP is not a surprise, it cannot
be assumed that all agents used for the production
of hypotension will increase ICP. Trimethaphan,
for example, is a ganglionic blocking agent that clearly
produces systemic vasodilatation, depressed cardiac
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Fic. 1. Time course of changes in systemic blood pressure and intracranial pressure in the cat, Arrow indicates administration of
nitroglycerin. BP = blood pressure; ICP = intracranial pressure.
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output, and variable changes in ICP.2%!2-1 Op the
other hand, nitroprusside, a direct relaxant of vascu-
lar smooth muscle, has been shown to decrease sys-
temic vascular resistance and clearly increase 1CP,2-3:12-14
As a result, it appears that it is necessary to evaluate
the effect on ICP of each agent used for the produc-
tion of controlled hypotension.

Our data clearly establish that nitroglycerin results
in a prompt, significant increase in ICP. In fact, it is
possible with small doses of nitroglycerin to increase
intracranial pressure with only minor systemic blood
pressure effects. Of interest is the fact that nitroglyc-
erin appears to be more potent in provoking an in-
crease in intracranial pressure for a given decrease
in mean systemic pressure than has previously been
reported for trimethaphan.??® This effect, however,
was similar in magnitude to that reported for nitro-
prusside, an agent that also relaxes vascular smooth
muscle."* The increase in ICP produced by nitro-
glycerin occurred in animals with normal intracranial
pressure and intracranial compliance, and the magni-
tude of intracranial pressure changes would probably
be exaggerated in a patient with intracranial disease
and decreased intracranial compliance.

We deliberately chose to give nitroglycerin as a
rapid injection, as previously described by Stullken
and Sokoll® in their studies of nitroprusside and tri-
methaphan. The use of this technique permits study
not only of the ICP changes associated with hypo-
tension but also of any change occurring during the
recovery period. It does not, however, elucidate the
relationship between sustained systemic hypotension
and ICP changes produced by continuous nitroglyc-
erin infusion. While it is likely that the ability of nitro-
glycerin to increase ICP persists during prolonged infu-
sion, as already demonstrated for nitroprusside, this
cannot be confirmed until direct measurements of
ICP are made during continuous infusion of nitro-
glycerin.

NITROGLYCERIN EFFECTS ON INTRACRANIAL PRESSURE

10.

1.

13.

229

References

. Cotrell JE, Patel K, Turndorf H, et al: Intracranial pressure

changes induced by sodium nitroprusside in patients with
intracranial mass lesions. ] Neurosurg 48:329-331, 1978

. Turner JM, Powell D, Gibson RM, et al: Intracranial pressure

changes in neurosurgical patients during hypotension
induced with sodium nitroprusside or trimetaphan, Br |
Anaesth 49:419-424, 1977

. Stullken EH, Sokoll MD: Intracranial pressure changes during

hypotension and subsequent vasopressor therapy in anesthe-
tized cats. ANESTHESIOLOGY 42:425-431, 1975

. Fahmy NR: Nitroglycerin as a hypotensive drug during general

anesthesia. ANESTHESIOLOGY 49:17-20, 1978

. Chestnut JS, Albin MS, Gonzalez-Abola E, et al: Clinical eval-

uation of intravenous nitroglycerin for neurosurgery. |
Ncurosurg 48:704-711, 1978

. Mason DT, Braunwald E: The effects of nitroglycerin and

amyl nitrite on arteriolar and venous tone in the human
forearm. Circulation 32: 755-766, 1965

. Hoeschen R], Bousvaros GA, Klassen GA, etal: Hemodynamic

effects of angina pectoris and of nitroglycerin in normal
and anginal subjects. Br Heart J 28:221-227, 1966

. Warren SE, Francis GS: Nitroglycerin and nitrate esters. Am

J Med 65:53-62, 1978

. Come PC, Flaherty JT, Baird MG, et al: Reversal by phenyl-

ephrine of the beneficial effects of intravenous nitroglycerin
on patients with acute myocardial infarction. N Engl ] Med
293:1003-1007, 1975

Ferrer MI, Bradley SE, Wheeler HO, et al: Some effects of
nitroglycerin upon the splanchnic, pulmonary and systemic
circulations. Circulation 33:357-373, 1966

DeMichel P, Glasser AH: Paradoxical hypertensive effect of
papaverine and nitroglycerin on the distal blood pressure
of an occluded brain artery in the dog. Pharmacol Res
Commun 9:173-179, 1977

. Stoyka WW, Schutz H: The cerebral response to sodium nitro-

prusside and trimetaphan controlled hypotension. Can
Anaesth Soc ] 22:275-283, 1975

Michenfelder JD, Theye RA: Canine systemic and cerebral
effects of hypotension induced by hemorrhage, trimetha-
phan, halothane, or nitroprusside. ANESTHESIOLOGY 46:
188-195, 1977

. Ivankovich AD, Miletich D], Albrecht RF, et al: Sodium nitro-

prusside and cerebral blood flow in the anesthetized and
unanesthetized goat. ANEsTHESIOLOGY 44:21-26, 1976

202 Yo1eN 0z uo 3senb Aq 4pd60000-000606.61-27S0000/€96€29/L2Z/€/ 1 G/pd-ajonie/ABojoIsauisauR/WOD IIBYIIBA|IS ZESE//:dRY WOy papeojumoq



