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ABSTRACT

In this study we examined whether continuous monitoring of jugular bulb venous oxygen satu-
ration (SjO:) is applicable for the evaluation of cerebral hypoperfusion during carotid
endarterectomy (CEA). The subjects were 25 patients who underwent elective CEA under gen-
eral anaesthesia. After the carotid stump pressure (SP) was measured, SjO: and the somatosen-
sory evoked potentials (SEP) were monitored during the carotid test clamping for 10 min.

There was no alteration in cardiovascular and respiratory status during the test clamping. No
correlation was observed between SEP amplitude and SP (r=0.16, p=0.25). However, at clamp-
ing, SjO: decreased from 70 to 64% (p<0.01) with a reduction in SEP amplitude from 2.0 to
1.61V (p<0.01). After declamping, SjO: increased from 65 to 70% (p<0.01) with a recovery in
SEP from 1.6 to 1.9V (p<0.01). The changes in SEP amplitude and SjO: correlated (r=0.66,
p<0.001).

These results suggest that continuous monitoring of SjO: is superior to SP measurement in the
prediction of cerebral hypoperfusion caused by carotid clamping and applicable to CEA.
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Carotid endarterectomy (CEA) as a prophylactic
surgical treatment for the prevention of stroke in
patients with symptomatic carotid stenosis has
been widely performed, and its efficacy has been
confirmed®®, Although anaesthetic techniques
have been improving'®, cerebral infarction from
inadequate cerebral blood flow during carotid
cross clamping is still a problem. Carotid stump
pressure (SP) has been employed to evaluate the
necessity of internal shunts, with intraoperative
monitoring of an electroencephalogram (EEG) suc-
ceeding SP. In addition, monitoring of somatosen-
sory evoked potentials (SEP) have been proposed
as a reliable tool. However, as long as we have to
evaluate the change in cerebral perfusion for a rel-
atively short time, monitoring should preferably
be continuous, quantitative, prompt and easy to
interpret by the anaesthetists who manage the
cardiovascular, respiratory and anaesthetic condi-
tions just beside the patients. Therefore, none of
the above monitor would be ideal on its own.

Fiberoptic continuous measurement of jugular
bulb venous oxygen saturation (SjO:) has recently
become available, and it may allow us to observe

the real-time balance of cerebral blood flow and
metabolism. Under general anaesthesia, given a
stabilized cerebral metabolism, changes in SjO:
would represent changes in the cerebral blood
flow. The aims of the present study were to evalu-
ate the efficacy of continuous SjO: monitoring for
the prediction of cerebral hypoperfusion during
carotid cross clamping and to demonstrate its
applicability to CEA in patients being operated
under general anaesthesia.

MATERIALS AND METHODS

We studied 25 patients (20 men and 5 women,;
mean age 63 yr, weight 64 kg, and height 161 cm)
who underwent elective CEA following transient
ischaemic attack or minor stroke due to severe
carotid stenosis (unilateral; 21 patients, bilateral;
4 patients). After approval of the hospital ethical
committee, informed consent was obtained from
each patient.

Patients were premedicated with 5 to 10 mg of
oral diazepam 1 hr prior to the induction. General
anaesthesia was induced with 3 to 4 mg/kg of thi-
amylal and 0.2 to 0.3 mg of fentanyl, then endotra-
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cheal intubation was facilitated with 0.1 mg/kg of
vecuronium. Anaesthesia was maintained with
nitrous oxide and 0.5 to 1.0% isoflurane in oxygen.
Incremental doses of fentanyl and vecuronium
were added as needed. Radial arterial pressure,
electrocardiogram, end-tidal carbon dioxide ten-
sion (ErCO:) and pulse oximetry were continuous-
ly monitored (Model 66S, Hewlett Packard,
Andover, USA). ETCO: was maintained as close as
possible to 35 mmHg. For the evaluation of intra-
operative cerebral perfusion, SjO., SP and SEP
were monitored.

SjO: measurement

We confirmed that the right and the left trans-
verse sinus were equally observed in the venous
phase of cerebral angiography of each patient.
After exposure of the internal jugular vein and the
common facial vein, a 4F fiber optic catheter
(OPTICATH, Abbott Laboratories, North Chicago,
USA) was inserted into the transected end of the
facial vein and threaded up the internal jugular
vein as far as it could be advanced to the jugular
bulb. The position of the catheter tip was con-
firmed by X-ray. The catheter was connected to
the oximetry for continuous SjO: measurement
(Oximetrix 3, Abbott Laboratories, North Chicago,
USA). Jugular venous blood was sampled very
slowly, to avoid extracranial blood contamination,
through the catheter and oxygen saturation was
measured for in vivo -calibration (ABL 510,
Radiometer, Copenhagen, Denmark).

Stump pressure measurement

After a pressure transducer was calibrated at the
level of the mid-axillary line in the supine posi-
tion, a 26-gauge needle connected to the manome-
ter was inserted into the common carotid artery.
The external carotid artery and the common

carotid artery just proximal to the needle were
clamped to measure SP (RMT-6004, Nihon
Kohden, Tokyo, JAPAN).

SEP monitoring

Following induction of general anaesthesia, elec-
trodes for SEP monitoring were set up: two sur-
face electrodes for stimulation were placed on the
wrist, contralateral to the operation side, along
the median nerve at a distance of 4 cm. A square
wave stimulus of 0.1 msec at a rate of 5 Hz was
delivered to the median nerve and the intensity
was adjusted to produce a minimal muscle con-
traction. According to the 10-20 International
System, a referential electrode was placed on Fz
and an exploring electrode was placed on the scalp
overlying the sensory cortex contralateral to the
stimulated side (C3’ or C4’). Sampled waves were
processed by the SEP monitor (Cadwell 5200A,
Cadwell Laboratories, Kennewick, USA) and the
data were recorded by a personal computer (PC-
9801, NEC, Tokyo, JAPAN). Changes in the
amplitude of the short-latency SEP (Nso-P2s) were
evaluated to detect cerebral ischaemia.

Study protocol

After SP was measured, a test clamping of the
external carotid artery and the common carotid
artery was performed for 10 min to evaluate cere-
bral tissue tolerance against ipsilateral carotid
occlusion. During the test clamping, neither the
inspired oxygen tension nor isoflurane concentra-
tion was altered.

Mean arterial pressure (MAP), arterial blood oxy-
gen saturation (SpQO:), ErCOq, SjO2, and SEP were
recorded at the following times: (1) immediately
before clamping; (2) 1 min after clamping; (3)
immediately before declamping; and (4) 1 min
after declamping. SEP was recorded consecutively

Table 1. Cardiovascular and respiratory status during 10 min carotid test clamping

pre-clamping

clamping 1 min

pre-declamping declamping 1 min

MAP (mmHg) 87+11 88+13 90+10 85+10

ETCO: (mmHg) 35+5 35+5 355 35+5

SpO: (%) 99+1 99+1 99+1 99+1
(mean+SD)

Changes in mean arterial pressure (MAP), end-tidal carbon dioxide tension (ETCO:) and arterial blood oxygen satura-
tion (SpO:) at the time of pre-clamping, clamping 1min, pre-declamping and declamping 1 min. There was no signifi-

cant defference between groups (ANOVA)

Table 2. Changes in jugular bulb venous oxygen saturation and somatosensory evoked potential

pre-clamping

clamping 1 min

pre-declamping declamping 1 min

SjO: (%) 70+12 64+12 * 6511 70£10 *
SEP amplitude (V) 2.0+0.5 1.6+1.0 * 1.6+£1.0 1.9+1.0°
(meanx=SD)

Changes in jugular bulb venous oxygen saturation (SjO:) and somatosensory evoked potential (SEP) amplitude (Na-
P2) at the time of carotid cross clamping and declamping.
*p<0.01 compared with pre-clamping, 'p<0.01 compared with pre-declamping (paired t test)
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Fig. 1. Relationship between somatosensory evoked
potential (SEP) ratio at clamping, declamping proce-
dure and stump pressure (SP).

The ratio of [decrease in amplitude (V) / pre-clamp-
ing amplitude (V)] (@) and the ratio of [increase in
amplitude (zV)/pre-declamping amplitude (V)] (O).
There was no significant correlation. (n=50, r=0.16,
p=0.25)
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Fig. 2. Relationship between somatosensory evoked
potential (SEP) amplitude and jugular bulb venous
oxygen saturation (SjO:) at the time of pre-clamping
(O), clamping 1 min (@), pre-declamping ((]) and
declamping 1 min (). There was no significant cor-
relation. (n=100, r=0.003, p=0.97)

during carotid clamping and every 5 min until the
end of the operation. The serial changes in SEP
amplitude were calculated as the ratio of [decrease
in amplitude (V) / pre-clamping amplitude (V)]
and [increase in amplitude(uV) / pre-declamping
amplitude (zV)].

The changes of MAP, ErCO: and SpO: were ana-
lyzed using analysis of variance. The relationships
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Fig. 3. Relationship between somatosensory evoked
potential (SEP) ratio and change in jugular bulb
venous oxygen saturation (SjO:) at clamping,
declamping.

The ratio of [decrease in amplitude (V) / pre-clamp-
ing amplitude (V)] (@) and the ratio of [increase in
amplitude (V) / pre-declamping amplitude V)]
(O). There was significant correlation. (n=50, r=0.66,
p<0.001)

amongst SEP, SP and SjO: were evaluated using
Peason’s correlation coefficient. The changes in
SEP and SjO: at the time of carotid cross clamping
and declamping were compared using a paired t
test. Values are presented as mean+SD. p<0.05
was considered statistically significant.

. RESULTS

No significant difference was observed between
haemoglobin concentration measured before and
after test clamping. There was no significant
change in MAP, ErCO: and SpO: throughout the
10 min carotid test clamping (Table 1). No signifi-
cant correlation was observed between SEP and
SP (r=0.16, p=0.25) (Fig. 1). There was no signifi-
cant correlation between SEP amplitude and SjO:
value in 100 points recorded throughout the
carotid cross clamping and declamping procedure
(r=0.003, p=0.97) (Fig. 2). On application of the
carotid clamping, SjO: decreased from 70 to 64%
(p<0.01). At the same time, SEP amplitude
decreased from 2.0 to 1.6uV (p<0.01). After
declamping, SjO: increased from 65 to 70%
(p<0.01) in association with a recovery in SEP
from 1.6 to 1.9uV (p<0.01) (Table 2). There was a
significant correlation between the changes in
SEP shown by the ratio and the changes in SjO:
(r=0.66, p<0.001) (Fig. 3).

DISCUSSION
We demonstrated the quick response of SjO:
reading and the superiority of the continuous mea-
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surement of SjO: over SP for evaluation of cerebral
perfusion during carotid cross clamping for CEA.
The changes in SEP and SjO: were supposed to be
produced by changes in the cerebral blood flow
during ipsilateral carotid cross clamping, and not
by anaesthesia, because MAP, ErCO: and SpO:
were maintained consistently throughout the pro-
cedure.

Patients undergoing CEA demonstrate various
sclerotic cerebrovascular changes according to the
stage of disease. Therefore, it is possible that the
degree of the effect of carotid cross clamping on
ipsilateral cerebral perfusion varies in each
patient. Although most patients undergoing CEA
can tolerate short-term carotid cross clamping,
they might suffer from cerebral hypoperfusion to a
certain extent, which may not cause irreversible
neurological damage'. Thus, it is preferable to
employ a continuous monitor to detect cerebral
hypoperfusion before causing cerebral tissue dam-
age.

In the early era of CEA, SP was commonly used
to estimate collateral circulation during carotid
clamping*?. However, SP represents the pressure
of relatively proximal collateral vessels to the
clamped carotid artery and may not give informa-
tion about blood flow in the more distal regions.
Actually, the unreliability of SP"® and the dis-
crepancy between SP and EEG monitoring®® have
been documented. Indeed, our data showed little
correlation between changes in SEP and SP at the
time of carotid cross clamping and declamping.
This supports the contention that SP measure-
ment is limited in the prediction of cerebral
ischaemia during CEA.

The prolonged central conduction time and
reduced amplitude of SEP caused by carotid clamp-
ing were recoverable with shunt insertion*+®.
Furthermore, a close correlation between loss of
SEP amplitude during clamping and the appear-
ance of new neurological deficits after the opera-
tion was reported'”. These observations suggest
that SEP amplitude well represents cerebral perfu-
sion and that SEP monitoring can predict cerebral
ischaemia during CEA.

Although we could not find a correlation between
the raw value of SjO: and SEP amplitude, SjO-: fell
and rose significantly at the time of carotid clamp-
ing and declamping accompanied by the decrease
and increase in SEP amplitude. As there was a
significant relationship between changes in SjO:
and SEP amplitude during the clamping and
declamping procedure, a fall in the SjO: value dur-
ing carotid clamping could be a warning that the
collateral blood flow is not sufficient to maintain
cerebral perfusion. Increased oxygen extraction by
the hypoxic cerebral tissue causes a fall in venous
oxygen saturation. After declamping, an immedi-
ate increase in SjO: accompanied by the recovery
of SEP amplitude shows that the ipsilateral cere-

bral perfusion has increased enough to supply a
suitable amount of oxygen to the ischaemic cere-
bral tissue. Actually, there were patients who
showed little change in SjO: and SEP amplitude at
clamping and declamping. This can be explained
by the existence of an appropriate collateral blood
flow from the contralateral carotid artery and/or
the vertebral arteries.

In early studies of SjO: during CEA®*®, directly
sampled jugular bulb venous blood was analyzed.
Under local anaesthesia, it was reported that the
lower acceptable limit of SjO: in patients undergo-
ing CEA was 50%”. Even under general anaesthe-
sia, SjO: less than 50% could be critical and we
would have to cope with the possibility of cerebral
hypoperfusion. However, our results showed the
importance of evaluating the changes in SjO:. In
most cases, SEP amplitude decreased with a
reduction in SjOs, although the SjO: value
remained over 50%. As long as the cerebral tissue
is properly perfused with oxygenated blood and
the cerebral metabolism is not altered, SEP ampli-
tude should be maintained consistently during
carotid clamping. Since SjO: provides information
of global cerebral perfusion, it is possibly main-
tained within an appropriate level even if
ischaemia exists in only a small region. Therefore,
we have to consider focal ischaemia to prevent
neurological complications. Monitoring of SjO:
should preferably be combined with SEP to obtain
more precise ischaemic information during clamp-
ing. ‘

It was reported that near infra-red spectroscopy
(NIRS) had a good correlation to SjO: analyzed by
co-oximetry'. However, continuous SjO: measure-
ment is not equivalent to NIRS, which could be
affected by the extracranial blood flow*?. SjO: is
oxygen saturation of the drained blood from the
intracranial tissue and is less influenced by
extracranial factors as long as the tip of the
catheter is located properly in the jugular bulb.

We suggest that continuous monitoring of SjO: is
superior to SP and applicable to CEA. It enables
anaesthetists to give aquick warning of cerebral
hypoperfusion to the surgeons during carotid
clamping. Nevertheless, for a more precise detec-
tion of cerebral ischaemia, we propose combining
SjO: with other monitors such as SEP if electrical
interference is avoidable in the operating theatre.
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