EXPERIMENTAL AND CLINICAL OBSZRVATIONS ON THE UsE
OF HYPOTHERMIA TO PREVENT ISCHEMIC DAMAGE TO THE CENTRAL
NERVOUS SYSTEM*
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The tissues of the central nervous system are particularly vulnerable
to ischemic damage from even brief periods of circalatory arrest. This
constitutes a serious hazard in the performance of certain cardiovascular
procedures such as resection of aortic aneurysm, in which it may be
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necessary to interrupt aortic circulation for periods up toc cne hour , Since
it has been well established that hypothermia reduces total body metabolssr:
and oxygen requirements of tissues, it is reasonable to assurme that the
central nervous system is similarly affected and that this aight provide a
useful measure in minimizing the ischemic dangers associated with these

. 2,3 . e . .
operative procedures . Accordingly, studies have been directed toward
determining the protective value of hypothermia against such ischemic
damage to the central nervous system during periods of temporary aortic
occlueion.

Zxperiments along these lines have been done by a number of investi-
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gators as well as by us . Thus, in a control group oi 50 dogs occlusion

of the aorta just distal to the left subclavian artery for a period of one hour

was associated with an immediate mortality of 32 per cent and a
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paraplegia rate in the surviving animals of 65 per cent. The saire pro-
cedure in a comparable group of 47 hypotheriic dogs {body temperature
was reduced to betwean 75 and 80° ¥.) was associated with an immediate
mortality of 25 per cent and with a paraplegia rate of zero in the surviving
animals, (Fig. 1) On the basis ol these experiments as well as similar
observations reported by other workers, the conclusion has been drawn
that hypothermia has a celinite protective influeace against ischen ic gdam-
age to the spinal cord following high aortic occlusion,

While the exact mechanism of proisciici siforded by hypothermia
is not entirely clear, gross and histologic stuaies of the damaged spinal
cord provide some ciues to the problem, Gruss exau:ination ot the spinal
cords of the parapiegic animals showed bilateral sywnetrical malacia of
the grey matter o the lumbar, sacral, and coccygezl segments. Serial
«nd L. and
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continue distaily. On microscopic examination pronounced changes were

seciions showed the lesions to begin consistently vetween T

present in the grey watter, DUt the white macter was spared. As the
specimens were ovtained iz days aiter injury evidence of repair by mice
roglial phagocytes or gitrer cells with foamy cytoplasir and proliieration
Of new capiliaries through the destroyed avea was present (Figs. 2, 3, 4).
These cnanges are quite similar to those observed in the brain tollowing
anoxemic damage to this organ. They do not suggest thrombosis or in-

farction as the vessel lumens were patent. The anin.als protected by
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hypothermia failed to show these changes.

Zxperiments along similar lines directed toward determining the
protective eifects of hypothermia against ischewic damage to the brain
proved ruch meore dilficult, owing to the fact that in the dog extensive
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collateral circulation exists in the head and nack. aus, occlusion of
both carotid and vertebral arteries bilaterslly prodeced no apparent dis.
turbances. A prepavation was iinally developed, however, that resaltad in
a $ignif‘icam incidence of brain damage. This consisted in placing a silver
clip on the basgilar artery through the foramen magnum, applying oceluding
clamps to both carotid and vertebral arteries bilaterally and placing a tourni-
quet around the neck to produce cowpression of the wruseular collaters) vessels,
In the control group of 9 dugs in which this was done for a period of 30 minutes,
6 (67 per cent) showed serious brain damaye a3 manifested by convulsions,
coira, and death. Significantly, none of the 9 hypothermic dogs treated in
like fashion developed any neurclogic disturbances. These observations,
therefore, suggest that hypotharinia is equally eifective in preventing ischemic
damage to the brain as to the spinal cord following temporary arrest of the
circulation to these highly vulne-sble tissues,

These experimnental cbservations on the protective value of hypo~
thermia in preventing ischemic damage to the central nervous system: are
supported by our clinical experience with its use in the excisional therepy

of aortic aneurysm. In such cases in which the lesion is located in the
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thoracic aorta above the level of the seventh dorsal vertebra the procedure
of resection and graft replacement is associated with the jeopardous effects
of ischemic injury to the tissues of the central nervous system during the
period of temporary interruption of asrtic circulation, Thus, among the
five cases of aneurvsm ¢f the aorta in our zerizs, located at this high level
and treated by vesection without hypothermia, spinal cord damage occurred
in four patients {Fig. 5), Fortunately thess changes were mild and traneient
in three, but probably contributed to the death of the fourth vatient.

On the othear hand, none of the 14 casen with comparable lesions
sirnilarly treated dut in which hypothermia was employved showed any mani-
festations of apinal cord darrage. Both in this 23 well as tha former group
the period of aortic occlusion averaged about one hour. In the hypothermic

group body temperature was reduced to about 859 ¥, (Figs. 6, 7).



SUMMARY

e In a control group of 56 doygs in which the theracie acrte wae cecluded
just udial 1o the ledt subclavian artery {or a poviod o one houy the irnmediate
SOrality wWas 3o per cent and the incidence g iichevic damage to whe spinal
cord as waniiested by paraplegia in the sarviving animale was 45 per cent,

@i a comparabiy treated group of 47 degs in widceh hyporhermia was used
thers was an Limmediate wortality of 25 per cong, bat none developed para~
plegia,

2. In 2 contvol serins ot 9 doge ia whish the clrculation to the bhraia

wag arrestad [or a period of U minutes evidenss of ischen-ic damage 1o ths

brain occurred in 6 (07 per cent), but nonc of the § rimilerly treated group

in which hypotherrria was emnployed showe | such manidertatona,
3. Four oi five patiente with enzarysrma of the thorneie aovte in whon

the aoria was occluded for a4 period of ahout vas hour developed svidence

of gpinai coru damage folloviag cessction, Wose of 14 sunilar caases in
which hypothermia was cnployad davelopes anr svidence of sninal cord
damage.

4. Un ths dosis of thaue axperinental and clinical abssvvations it would
appear that bypotheriria increases the tolevince »f the tizsnas o the central

na2rveus syasten: to periods ol temporary ischemia,
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Gragh showing r:oitality for occlusion of descending theracic
aorta ior one hoar,

Microscopic section of normal spinal cord, 12 level, of doy,
Licroscopic secticn of spinal cord following aortic occlusion
without hypothermia,
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Churt of clinical cases without hypother i

Chart of clinical cases with hypothermia,
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