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Cerebral infarction due to carotid occlusion and
carbon monoxide exposure
II. Influence of preganglionic cervical sympathectomy
JORG IGLOFFSTEIN, RUDOLF LAAS

From the Department ofNeuropathology, Eppendorf Hospitals, University ofHamburg, H,-mburg, Federal
Republic of Germany

SUMMARY Unilateral cerebral infarcts were produced in the rat by ligation of one common
carotid artery and subsequent exposure to carbon monoxide. The incidence and extension of
brain infarcts was increased in animals with additional ipsilateral cervical preganglionic sym-
pathectomy. Sympathectomy did not affect markedly the respiration and systemic circulation.
The effect of sympathectomy was attributed to a cutaneous vasodilation, leading to an extracra-
nial steal phenomenon.

The role of the cervical sympathetic innervation of
the cerebral vessels is controversal. It is generally
accepted that the influence of the sympathetic
innervation on the extracranial vasculature is much
more effective than on the intracranial bed. Since
the extra- and intracranial vascular beds are con-
nected in parallel, and since flow through the carotid
bifurcation is not hampered by ligation of the com-
mon carotid artery, our model permits the study of
the effects of ipsilateral cervical sympathectomy on
the cephalic vasculature.

Materials and methods

The experiments were performed with male rats
(Chbb:THOM strain).

Series I
In 60 of 133 animals (300-400 g body weight) the fibres of
the cervical sympathetic trunk were divided at the time of
the common carotid artery dissection. In the remaining 73
animals the sympathetic chain was allowed to remain
intact. The cerebral lesions were studied histologically in
the first 29 experimental and 49 control animals. Occurr-
ence of enophthalmos and ptosis were taken as indicators
of adequate sympathetic interruption.

Series II
In a separate series of 16 animals the ipsilateral external
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carotid artery also was ligated at the time of common
carotid artery ligation. Sixteen animals with open external
carotid artery served as controls.

Series III
In animals with enophthalmos and ptosis the presence of
miosis, the most important sign of sympathetic deficit, was
demonstrated as follows: in four animals without dissection
of the common carotid artery a preganglionic cervical sym-
pathectomy was performed. After 9 to 50 days the animals
were sedated (haloperidol 0-2 mg/kg body weight) and 30
minutes later both eyes were photographed after 60 s of
complete darkness. We used an operating microscope and
a light flash for photographic purposes. A series of six
photographs was taken and the entire sequence was repe-
ated twice. The greatest diameter of the pupil was meas-
ured on the prints.

Series IV
In 18 unanaesthetised and unrestrained animals the follow-
ing parameters were monitored before, during and for 80
minutes after carbon monoxide exposure (3000 ppm in
room air, 70 minutes duration): systemic arterial blood
pressure, heart rate, respiration rate, and EEG. For the
recordings a slip ring assembly was used (for details cf ref
1). In seven of these animals the ipsilateral sympathetic
chain had been divided.

Results

Series I
Lethdlity. After carbon monoxide exposure 27 of 60
animals with Horner's syndrome and six of 73 ani-
mals without Horner's syndrome died (p < 0-001).
The dead animals had massive ipsilateral brain
oedema. During carbon monoxide exposure three

768

P
rotected by copyright.

 on M
ay 22, 2023 by guest.

http://jnnp.bm
j.com

/
J N

eurol N
eurosurg P

sychiatry: first published as 10.1136/jnnp.46.8.768 on 1 A
ugust 1983. D

ow
nloaded from

 

http://jnnp.bmj.com/


Cerebral infarction due to carotid occlusion and carbon monoxide exposure 769

t=_-_J.1'1M1!'111k~Yft tcdenscpoft

.20j

cLO-.> 41- 5C

t~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~8.- r4S35'8io.,~~~~~~~~~~~~~~~~~~~~~~~~~~~ p

Fig 1 Pattern of infarct distribution in control rats, above (n = 49) and in sympathectomised rats (n = 29), below.
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Fig 2 Pattern ofinfarct distribution in sympathectomised animals without (above) and with (below) additional ligation of
the ipsilateral external carotid artery For abbreviations see ref 1, fig 4.
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animals died both in the experimental and in the
control group.

Histological findings As shown in fig 1 there was no
difference in the pattern of lesions between experi-
mental and control group, but there were highly
significant differences in the frequency and extent of
infarctions in favour of the control group.

Series II
In this separate series two experimental and two
control animals died after carbon monoxide expos-
ure. The regional infarct frequency was reduced in
the experimental group (fig 2). In the experimental

EEG-Amplitude (,uV )
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group with additional ligation of the ipsilateral
external carotid artery the infarcts were significantly
more extensive.

Series III
In all animals with enophthalmos and ptosis the
mean pupil diameter was smaller on the affected
side (0.001 > p < 0.05)

Series IV
Figure 3 summarises the course of the parameters
recorded in the 18 unrestrained rats. Up to the 50th
minute no difference in the circulatory parameters
between control and experimental animals

Contralateral

Minutes

Fig 3 Time course ofmean arterial blood pressure (MABP), heart rate, respiratory rate, and of the predominant EEG
frequency and amplitude in 7 sympathectomised rats and in I I control animals during and after an exposure to carbon
monoxide.
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appeared. After the 50th minute a nearly linear
decrease of heart rate was observed in the sym-
pathectomised rats, falling to 1 beat/s at the end of
carbon monoxide exposure. Immediately after ces-
sation of carbon monoxide exposure heart rate
quickly rose again to the level of the control group.
Blood pressure, respiratory rate, EEG amplitudes
and frequencies did not differ in the two groups dur-
ing the exposure or in the recovery period.

Discussion

Our own pathophysiological findings' showed that
carbon monoxide-induced hypoxia resulted in
hypotension of 70 to 80 mm Hg which was the main
factor responsible for the development of regional
cerebral infarcts. We attribute the greater extent of
brain infarcts in sympathectomised animals to an
additional fall of the arterial blood pressure distal to
the ligation of the common carotid artery. This fall is
caused by the marked dilating effect of sympathec-
tomy on the cutaneous vasculature. The resistance
of skin arteries to blood flow is maintained in a tonic
manner by sympathetic innervation2-5 in contrast to
muscle and brain where the vascular resistance is
mainly intrinsically regulated.6-8 Regulation' of
arterial and venous cutaneous vessels is exerted via
sympathetic efferents mainly by alpha-receptors.9
Skin vasodilation in animals lacking sweat glands is
brought about by reduction of adrenergic constrictor
tone.2 Our own histological preparations (unpub-
lished data) have shown that rat skin is devoid of
sweat glands.
As shown by direct observation of the flow direc-

tion in rats,' the extracranial cephalic circulation
acts like a sink for the intracranial blood flow after
common carotid artery ligation. Consequently, sym-
pathectomy enhances this le'akage and lowers the
arterial blood pressure in the distal common carotid
artery. Pressure recordings in the rabbit's ciliary
artery after sympathectomy and sympathetic stimu-
lation,'0" and in the dog's carotidal sinus after sym-
pathetic stimulation,'2 support this conception.

Since the cutaneous vasculature is mainly supplied
by the external carotid artery, we tried to neutralise
the effect of sympathectomy by ligating the ipsilat-
eral external carotid artery. There was then a reduc-
tion of the extent of infarction. This finding is in
keeping with observations of others in dogs,'3 rab-
bits'4 '5 and monkeys.'6
There is good evidence that in states of functional

anaemia and hypotension a baroreceptor-induced
increase of the constrictor tone takes place coun-
teracting the local hypoxic vasodilation."' Unilateral
preganglionic' sympathectomy may have exerted an
influence not only by eliminating basal vasoconstric-

tor tone, but also by blocking additional
baroreceptor-mediated sympathetic tone of skin
vessels during exposure to carbon monoxide.
The function of the sinus baroreceptors may have

been altered by the sympathectomy. The cere-
brovascular response to hypoxia is known to be
independent of sinus baroreceptor function.'8 Con-
trary to the effects of sympathetic stimulation,'9-22
sympathectomy increases systemic blood pressure
and the sinus response to the lowering of pressure
within the sinus.23 24 Both responses would improve
perfusion by raising blood pressure rather than low-
ering it.
From recordings in the unanaesthetised and unre-

strained rats we know that neither systemic blood
pressure nor heart rate is influenced by distal pre-
ganglionic sympathectomy, leaving intact the effer-
ent sympathetic cardiac innervation, which origi-
nates from the inferior and medial cervical ganglia.25
Direct effects of pCO on medullary centres may be
responsible for the bradycardia occurring without
further decrease of systemic blood pressure in the
sympathectomised rats from the 50th minute of
exposure onwards and disappearing immediately
thereafter.
Sympathectomy may have exerted effects not only

on the extracranial vasculature, but also on the
cerebral vessels themselves, since there is an
adrenergic innervation of the pial arteries26-32 and
also of the intracerebral arteries.33 The postgang-
lionic perikarya are located in the superior cervical
ganglia.26 30 A constrictor effect of sympathetic
stimulation has been demonstrated in several inves-
tigations (for example ref 34), in others it was mis-
sed or negligible compared with the effect on the
extracerebral cephalic vessels.53s36 A neurogenically
mediated constrictor tone, leading to vasodilation
after sympathectomy, has not been identified.3740
Possibly the sympathetic effect on brain vessels is
modified by pathophysiological conditions. Partici-
pation in autoregulation, especially in prevention of
superperfusion, and in protection of the blood-
brain-barrier have been discussed.4'-48 Hypocapnia
tends to mitigate sympathetic effects;43 slight
hypocapnia developed during carbon monoxide
exposure in our experiments.' All these presumed
protective effects cannot explain our findings.

Thus, the dilating effect of the sympathectomy on
the skin vessels appeared to predominate in our
experiments, representing an extracranial steal from
the cerebral circulation.

The authors are indebted to Mrs A Jakob for skilful
technical assistance.
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