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A good understanding of the characteristics of cerebro-
spinal-vessel reactivity is advantageous if an appropriate
circulation is to be maintained within the central nervous
system (CNS) during surgery. In addition, it is useful to
know that ischemia—reperfusion, disruption of the blood—
brain (spinal cord)-barrier (BBB), and hypothermia could
all potentially modulate the effects on cerebrospinal cir-
culation and cerebrospinal-vessel reactivity induced by any
vasoactive drugs administered during anesthesia. We
therefore focused on, and present here, the significance of
changes in cerebrospinal microcirculation that occur in
relation to the perioperative period. Our studies entailed an
assessment of the relevant parameters by means of the
cranial- and spinal-window techniques in animals in vivo.
It is generally agreed that such techniques facilitate in vivo
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observations of pial vessels. We originated the spinal-
window technique presented here, although it is closely
based on the cranial-window technique (Fig. 1). Measure-
ment of pial-vessel diameter provides direct information
about the effects of test drugs and physiological changes on
cranial and spinal vessels. However, such information is
obtainable only from the superficial vessels and does not
provide a direct measurement of cerebral or spinal cord
blood flow (SCBF), unlike the use of microspheres,
hydrogen clearance, or laser Doppler flowmetry.

Response characteristics of spinal vessels

As far as we knew, there was little information as to the
differences between the responses of cerebral and spinal
vessels. We therefore investigated such differences in
responses to arterial carbon dioxide (CO,) tension [partial
pressure of carbon dioxide in arterial blood (PaCO,)] and
adrenergic agonists using cranial- and spinal-window tech-
niques [1]. Although previous studies indicated a lower
sensitivity to changes in PaCO, for SCBF than for cerebral
blood flow (CBF) [2, 3], our study demonstrated similar
responses between cerebral and spinal vessels to such chan-
ges (Fig. 2). In addition, spinal arterioles seemed to be more
sensitive to alpha-1-adrenergic stimulation than to alpha-2-
adrenergic stimulation, whereas for cerebral arterioles, the
reverse was true (i.e., more sensitive to alpha-2-adrenergic
stimulation than to alpha-1-adrenergic stimulation) [4].
When studying the effects of local anesthetics on the
spinal microcirculation, we noted that changes in SCBF or
spinal vessels induced by local anesthetics could influence
the duration of action of spinally administered agents [5].
Earlier, we established that ropivacaine constricts whereas
bupivacaine dilates spinal pial vessels, each in a
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Fig. 1 Cranial- and spinal-
window techniques
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Fig. 2 Responses of cerebral and spinal vessels to changes in arterial
carbon dioxide (CO,) tension (mean &+ standard error of mean)
(modified from [1], with the publisher’s permission)

concentration-dependent manner [6]. In addition, although
theoretically any additional spinal vasoconstriction induced
by hypocapnia might be hazardous under spinal ropiva-
caine, we demonstrated that hypocapnia does not induce an
additional constriction in spinal arterioles under such
conditions [7].

Effects on cerebrospinal fluid pressure induced
by vasodilators

Cross-clamping of the aorta induces a decrease in distal
aortic pressure and an increase in cerebrospinal fluid (CSF)
pressure, leading to a decreased spinal cord perfusion
(SCP) pressure. Thus, controlling proximal hypertension
during aortic cross-clamping by administering a
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vasodilator agent could influence SCP. In previous studies,
sodium nitroprusside (SNP) or nitroglycerin (NTG) was
found to worsen the neurological outcome more than iso-
flurane or trimethaphan due to more potent elevations in
CSF pressure (leading to decreased SCP pressure) [8—10].
In other studies, we observed: (a) that sevoflurane and
isoflurane have weaker dilator effects on cerebral venules
than on cerebral arterioles [11], and (b) that the same is true
for topical prostaglandin E1 (PGE1) and nicardipine (i.e.,
weaker dilator effects on cerebral venules than on arteri-
oles) [12]. We therefore suggested that sevoflurane, PGE1,
or nicardipine could be used safely as regards effects on
CSF pressure—like isoflurane and trimethaphan, as sug-
gested before—because these agents have less influence
over the venous compartment and that compartment has
more effect on intracranial pressure.

Changes in reactivity of cerebrospinal vessels
in pathological conditions

Ischemia-reperfusion

In general, following ischemia—reperfusion injury, the
vasoconstrictor response to hypocapnia is maintained,
whereas the vasodilator response to hypercapnia is atten-
uated, in cerebrospinal vessels [13]. Moreover, in that
condition, endothelium-independent vasodilation but not
endothelium-dependent vasodilation is maintained if the
ischemia is short term, whereas long-term ischemia reduces
both endothelium-independent and -dependent vasodila-
tions in the CNS [14]. In such a situation, we evaluated
whether responses to arginine vasopressin (AVP), which is
used clinically during cardiopulmonary resuscitation
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(CPR), are altered after transient ischemia, such as cardiac
arrest. Our study demonstrated that the vasoconstrictor
effect of AVP could be reduced after transient cerebral
ischemia, and we pointed out that such an alteration in the
response to AVP after transient ischemia could be favor-
able for maintaining CBF when AVP is used during CPR
[15].

Disruption of BBB

It is well known that BBB disruption can modify the effects
on the cerebrospinal circulation induced by drugs that do
not pass through the BBB under physiological conditions.
For example, the high molecular weight and water solu-
bility of alpha-human atrial natriuretic peptide (HANP)
suggest that it will not pass through the BBB under phys-
iological conditions. However, we reported that when the
BBB had been pharmacologically disrupted, intravenously
administered HANP caused a significant pial arteriolar
dilation without venular dilation (although it does not have
this effect when the BBB is intact) [16]. Consequently, care
should be taken if such a drug is used in critically ill
patients in whom the BBB may be dysfunctional.

Hypothermia

In general, hypothermia itself reduces both CBF and met-
abolic rate [17]. Although the reactivity of CBF to changes
in PaCO, is preserved during hypothermia, hypothermia
can alter certain responses of blood vessels in the CNS
[18]. For example, hypothermia can enhance sodium
nitroprusside (SNP)-induced vasodilation [19] but attenu-
ate NTG-induced vasodilation in cerebral vessels [20]. We
indicated that in rabbits, mild to moderate hypothermia can
attenuate dilator responses to dexmedetomidine in cerebral
arterioles [21].

Aortic clamp and declamp

In addition to the abrupt hemodynamic changes that occur
during and after aortic cross-clamping and unclamping,
many factors—including CO,, pH, potassium (K*), pros-
taglandins, cytokines, endothelins, anaphylatoxin, and
neutrophils—are known to affect cerebral microcirculation.
In our 2003 study, aortic cross-clamping did not affect
cerebral pial vessel diameter, but releasing a 20-min aortic
cross-clamp caused cerebral pial arterioles first to dilate
and then to constrict [22]. Because such unclamping-
induced cerebral vasoconstriction could be attenuated by
administering seratrodast, edaravone, or valsartan, it is
likely to be partially mediated via thromboxane A2, free
radicals, and angiotensin II produced in the ischemic region
during the clamp itself and after cross-clamp release.

Conclusion

In conclusion, on the basis of the above evidence, we
believe it to be important for anesthesiologists to possess as
full an understanding as possible of the effects on the
cerebrospinal microcirculation exerted by those anesthetics
and anesthesia-related agents that have vasoactive proper-
ties. Only in that way can they avoid damaging, or exac-
erbating existing damage to, the patient’s CNS.
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