THE CEREBRAL RESPONSE TO SODIUM NITROPRUSSIDE
AND TRIMETHAPHAN CONTROLLED HYPOTENSION

W.W. Stovyka® anp H. ScauTzt

THE EFFECTS of altered arterial blood pressure on cerebral blood flow (CBF) have
been well documented by Lassen!? and Olesen® in man, and by Rapela,* Waltz®
and Yashon® in dogs. The critical determinants of cerebral blood flow are the
cerebral perfusion pressure (CPP) and the cerebrovascular resistance (CVR).
The CPP is the difference between the driving force of the mean arterial pressure
and the intracranial pressure, or the intracranial venous pressure. It has been
shown that CBF remains constant over the range from 60 to more than 150 mm
Hg?. This ability to keep CBF constant in the face of altered perfusion pressure
has been termed auto-regulation. Below 60 mm Hg, cessation of autoregulation
has been shown by Lassen,? Finnerty,” and Sokoloff.® It is assumed that this is due
to the loss of change in vascular resistance when maximal vasodilatation is present.
As an adjunct to neurosurgical anaesthesia, pharmacological agents have been
used to lower perfusion pressure while maintaining CBF and autoregulation. So-
dium nitroprusside and trimethaphan are two agents used to produce controlled
hypotension by alterations in vascular resistance.

The purpose of this study was to compare the changes in CBF, cerebral meta-
bolic oxygen consumption (CMRO,), CVR, and cardiac output (CO) with so-
dium nitroprusside and trimethaphan. Based on these results, a delineation of the
safe limits for controlled hypotension would be made.

METHODS

Fourteen unmedicated dogs were induced with thiopentone 5 mg/Kg, the
trachea intubated and ventilation controlled with a Harvard animal ventilator.
Arterial CO; tension was kept at 40 = 3 torr or was corrected from CO, response
curves obtained in a previous study.® An infra-red analyzer monitored end-tidal
CO.. Anaesthesia was maintained with ketamine 2 mg/Kg. The combination of
thiopentone and ketamine anaesthesia has been shown to maintain normal CBF
and CVR according to Dawson, et al.'® Pancuronium bromide was given to main-
tain muscle paralysis, stabilize Paco,, and assure stability of cardiac output and
blood pressure. The femoral artery was cannulated for determining arterial pres-
sure, blood gas analysis and haematology. The femoral vein was cannulated and a
Swan-Ganz thermodilution cardiac output catheter enabled measurement of car-
diac output by thermodilution and the central venous pressure,

The CBF was measured directly by isolation of the cerebral venous outflow
tracts as previously described® and according to the method of Rapela and Green.*
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Cerebral venous blood flowed from a burr hole inserted in the superior sagittal
sinus after the two petrosal and two transverse sinuses had been entered and oc-
cluded. The cerebral venous blood was shunted through an electromagnetic flow
probe into the external jugular vein.

All animals were heparinized after the shunt was in place and blood was trans-
fused as necessary to replace surgical loss. A transducer was used to measure ven-
ous torcular outflow pressure. A spinal needle was inserted in the cisterna magna
and cerebrospinal fluid pressure (CSFP) was monitored. Arterial and venous tor-
cular Po,, Pco, and pH were measured with radiometer electrodes. Haemoglobin
and oxygen saturation were measured with an I.L. Co-oximeter and the O; content
was calculated. CMRO, was calculated as the product of the CBF and the arterio-
venous oxygen content difference. Figure 1 illustrates the methods used and the
parameters measured in this study.

The presence of autoregulation, secondary to angiotension infusion, was deter-
mined in all animals. If autoregulation was intact, a solution of trimethaphan
(0.01 per cent) was injected intravenously with an infusion pump. The rate of
flow was sufficient to maintain a cerebral perfusion pressure of 80 mm Hg. At the
end of 15 minutes, CBF a-vO, content difference and cardiac output were mea-
sured. The rate of flow of trimethaphan was subsequently increased at 15-minute
intervals and results obtained for CPP’s of 70, 60, 50, 40 and 30 mm Hg. In a second
group of 7 dogs a svlution of sodium nitroprusside (0.01 per cent) was used to
measure the same parameters at similar time intervals and similar perfusion pres-
sures. At the end of each study CMRO, and CVR were calculated. The values at a
CPP of 80 were taken as baseline values for both agents. Any differences were
calculated as a positive or negative percentage change from the baseline.
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Ficure 1. This illustrates the methodology and parameters which were studied.
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The response of CBF to altered CPP is shown in Figure 2. The average baseline
CBF for all animals was 43.3 = 4.5 mm/100 gm/min at CPP of 80 mm Hg and ap-
proximates normal values obtained in our previous study.® Data from 14 experi-
ments is presented with the mean values and the standard deviations. The results
indicated that both agents caused a 10 per cent to 15 per cent decrease in CBF as
the CPP fell to 60 mm Hg. With trimethaphan, autoregulation was lost below 60
mm Hg and the CBF fell as the CPP decreased. However, sodium nitroprusside
continued to maintain CBF at a stable level despite the decrease in CPP to 30 mm
Hg. This is presumptive evidence of continued autoregulation at low perfusion
pressures with sodium nitroprusside.

Figure 3 shows the response of CMRO: to altered perfusion pressure. The mean
CMRO; was 3.6 = 0.5 mls/100 gm/mm, at a CPP of 80 mm Hg. This compares
favourably with our previous study,® substantiates the work of Dawson, et al.*°
and approximates values obtained in unanaesthetized dogs.!* A decreased or falling
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Ficure 2. This graph represents the response of CBF to altered arterial perfusion pressure
with the two hypotensive agents.
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Frcure 3. The response of cerebral metabolic oxygen consumption to altered perfusion pres-
sure is compared with two hypotensive agents.

CMRO:; has been shown to be a useful guide to tissue hypoxia or trauma.’?> With
trimethaphan, border-line brain hypoxia was seen when CPP fell to 50 mm Hg and
CMRO. had fallen 25 per cent. Frank hypoxia occurred at a CPP of 30 mm Hg. In
contrast, sodium nitroprusside produced no evidence of hypoxia despite low per-
fusion pressures of 30 mm Hg. The difference in the results of CMRO; measure-
ment with the two agents is due to the CBF changes described and the following
CVR and cardiac output changes.

The CVR is calculated from the mean arterial pressure minus the mean venous
pressure divided by the CBF. The changes in CVR with altered CPP are shown in
Figure 4. The mean CVR was 1.74 = 0.04 torr/ml/100 gm/min which correlates
with the normal range of 1.7-1.8. Trimethaphan data revealed on significant change
in CVR through the entire range of CPP’s. However, sodium nitroprusside pro-
duced a progressive decrease in CVR as the CPP was lowered to 30 mm Hg, This is
definite evidence of cerebral vasodilation because we have shown a stable CBF
during the same period that the CPP and CVR decreased. The decreased CVR
with sodium nitroprusside allowed brain tissue to maintain oxygen extraction des-
pite low perfusion pressures, and thereby prevented brain hypoxia.

The average value for thermodilution cardiac output in our study was 1.29 =
0.12 litres/min. Cardiac output data in Figure 5 revealed that both agents caused
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Ficure 4. This graph documents the changes in cerebrovascular resistance with altered cerebral
perfusion pressure.

an initial 20 per cent reduction in cardiac output, at a CPP of 60 mm Hg. Trimetha-
phan continued to decrease cardiac output to a value of 50 per cent at a CPP of 30
mm Hg. The trimethaphan reduction in cardiac output correlates with the cerebral
blood flow data. It was evident that trimethaphan produced a purely pressure
passive system which supplied cerebral blood flow when autoregulation was lost.
However, sodium nitroprusside caused no further fall in cardiac output after the
initial reduction of 20 per cent. The cardiac output remained stable at a 20 per cent
decrease to CPP’s of 30 mm Hg.

Discussion

Trimethaphan is a ganglionic blocker which has been shown to affect blood
pressure by its action on capacitance vessels, primarily by blockade of sympathetic
motor reflexes.!® The result is a reduction in arterial blood pressure'* and decreased
cardiac output.’*!5 The ganglionic blocking effect on the heart as well as a negative
inatropic effect similar to beta blockade,'® have been postulated to be responsible
for cardiac output reduction. In this study, the use of increased doses of trimetha-
phan produced a progressive decrease in cardiac output to 50 per cent, a continued
reduction of CBF to 50 per cent and cerebral hypoxia at low perfusion pressures.
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Figure 5. The response of cardiac output to altered cerebral perfusion pressure with two
hypotensive agents is shown.

The lack of change in CVR with trimethaphan was the result of several factors.
With the simultaneously measured decrease in cardiac output, blood pressure and
CBF, mathematically obtained value for CVR appears to show no change. Only if
CVR was measured directly, could we verify the actual change. A second explana-
tion by Ponte and Purves'® claimed that hypotension, hypoxia and hypercapnia
produced reflex cerebral vasodilation due to arterial chemo-receptors and baro-
receptors. The dominant role of these neural reflex pathways is dilator in action on
the cerebral circulation. Surgical removal of these pathways produced an absent
dilator response to hypoxia, a markedly decreased dilator response to hypercapnia
and cerebral blood flow was shown to vary directly with perfusion pressure. In our
study, the large doses of the ganglionic blocker trimethaphan may have been cap-
able of pharmacologically denervating the cerebral circulation and changing the
normal response to hypotension and hypoxia. The resultant purely pressure passive
system could be a response to trimethaphan. Another possible explanation for the
lack of CVR change may be insidious onset of cerebral hypoxia at low
perfusion pressures. During cerebral ischaemia, Wade, et al.'” have shown a pro-
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gressive increase in extracellular potassium ions, which was responsible for the
production of cerebral vasoconstriction. It is also possible that any or all combina-
tions of these three mechanisms may be responsible for the CVR results in our
experiments.

In comparison, sodium nitroprusside is also a rapidly acting drug of short dura-
tion which is a potent, predictable and effective agent for lowering blood pressure.
The effect is produced primarily on the vascular musculature of resistance and
capacitance vessels and is relatively independent of neural vascular control.*® It is
rapidly broken down by nonenzymatic sulphydryl linkage in red blood cells and
other tissues with the production of thiocyanates and free cyanide.'® In turn, these
are eliminated by the enzymes thiocyanate oxidase and liver rhodenase respectively.
Clinically, it has been shown to reduce blood pressure, lower peripheral resistance
and cause minimal or no changes in cardiac output. Schlant, et al. 2° reported an
8.8 per cent decrease in cardiac index in normal supine patients, while Bhatia,
et al.'* documented a 10 per cent reduction of cardiac output in hypertensive
patients. Styles, et al.?! showed decreased cardiac output in awake patients and a
22 per cent increase in anaesthetized patients. In our study, nitroprusside produced
an 8 per cent decrease in CBF, a 20 per cent decrease in cardiac output and a 50
per cent decrease in CVR at the CPP of 30 mm Hg. The end result was a continua-
tion of autoregulation of CBF to 30 mm Hg. Concomitant with these changes no
evidence of cerebral hypoxia was seen.

The maintenance of normal cerebral oxygenation at low perfusion pressures with
sodium nitroprusside is due to multiple factors. The singular change was decreased
CVR through vasodilatation which effectively reduced the work and energy re-
quirements necessary to maintain normal function. The decreased CVR helped to
prevent brain hypoxia by allowing increased tissue oxygen extraction as shown by
increased arterio-venous oxygen content differences. The absence of hypoxia
prevented the release of intracellular potassium ions and subsequent vasocon-
striction. Itis also thought that sodium nitroprusside is capable of causing potassium
ions to move into or stay intracellularly. The results indicate that sodium nitro-
prusside should be the agent of choice when hypotension below the range of auto-
regulation (60 mm Hg) is required. It is expected to be beneficial when brain
trauma or hypoxia is present, when extremes of position or posture may further
impede cardiac function, and in cases where diagnostic eye signs are required
postoperatively. It is the agent of choice in our unit and has been used without
complication in 56 patients to date.

A note of caution is presented at this time. Although no evidence of tachyphy-
laxis has been shown, a recent case of failure to respond to sodium nitroprusside
was reported. Continued administration resulted in overdosage and death due to
cyanide intoxication. The absence of a response to a dose of 1 to 2 micrograms per
minute per kilogram of body weight after 5 to 10 minutes of therapy, requires im-
mediate cessation of the drug. Continued administration without a hypotensive
response is a warning and a consideration for treatment. The clinical manifestations
of asphyxia, tachypnoea and cyanosis are indications for immediate therapy. In an
acute case of cyanide intoxication, amyl-nitrite inhalations, intravenous sodium
nitrite and sodium thiosulphate are used.?? Nitrites have the ability to form methae-
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moglobin, which combines with cyanide jons to form the relatively non-toxic
cyanomethaemoglobin. Nitroprusside intoxication is a rare occurrence probably
due to an enzyme disturbance which can only be identified when there is no re-
sponse to nitroprusside. Further diagnosis is aided by elevation of sodium thiocyan-
ate levels which increase as the infusion is continued. Fortunately, however, the
situation of no response to sodium nitroprusside is extremely rare, and does not
warrant the removal of this extremely useful agent.

RiésuME

Cette étude avait pour but d’établir la marge de sécurité associée a 'emploi
d’hypotension controllée en neuro-chirurgie, hypotension produite soit avec du
Trimethaphan ou du Nitro-prussiate. Ces agents par leur action sur la résistance
vasculaire permettent de diminuer la pression de perfusion cérébrale (C.P.P.) tout
en maintenant le flot sanguin cérébral (C.B.F.) et le mécanisme d’autorégulation.

L’étude a porté sur deux groupes de sept chiens chacun. Les chiens du permier
groupe ont regu du Trimethaphan, ceux du second du Nitroprussiate. On a étudié
les paramétres suivants: flot sanguin cérébral (CBF'), consommation d’O; cérébrale
(CMRO,), résistance vasculaire cérébrale ( CVR) et débit cardiaque.

On a observé que pour une diminution du méme ordre du flot sanguin cérébral,
avec pression de perfusion supérieure 2 60 mm Hg, il y a conservation de I'auto-
régulation; au-dessous de 60 mm Hg de pression de perfusion il y a perte du méca-
nisme d’autorégulation avec le Triméthaphan et conservation de ce mécanisme
avec le Nitroprussiate, méme a des pressions de perfusion basses, le débit sanguin
cérébral se maintient stable, grice A une vasodilatation (chute de la résistance
vasculaire cérébrale paralléle a la chute de la pression de perfusion. Ce mécanisme
permet une extraction adéquate d’oxygene au niveau cérébral.

Par ailleurs, avec le Triméthaphan aux mémes basses pressions de perfusion, on
observe une diminution de l'extraction cérébrale d’O; traduisant une hypoxie; con-
trairement a ce qu'on observe avec le Nitroprussiate, il y a maintien de la résistance
vasculaire cérébrale, le flot sanguin cérébral devenant ainsi dépendant de pression
de perfusion. La diminution initiale de débit cardiaque observée avec les deux
agents devient plus prononcée 4 mesure qu'on augmente les doses de Trime-
thaphan, phénoméne qui n’est pas observé avec le Nitroprussiate.
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