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Protective Effect of Hypothermia in Cerebral

Oxygen Deficiency Caused by
Arterial Hypoxia

Christer Carlssun, M.D.," Magnus Hagerdal, M.D.,” Bo K. Siesjo, M.D.T

To study the cerebral protective effects of hypo-
thermia in arterial hypoxia, anesthetized (70 per
cent N.O), mechanically ventilated rats were
cooled to a body temperature of 27 C. Hypoxia was
induced by decreasing the oxygen content in the
inspired gas mixture either to 6-7 per cent or to
2.5-3 per cent. This reduced mean Pay, to about
25 and 11-12 torr, respectively. At Pa,, 25 torr,
there was no change in cerebral blood flow (CBF),
cerebral oxygen consumption (CMR,,), or labile
tissue metabolites. The absence of signs of cerebral
hypoxia could be attributed to an effect of tempera-
ture and pH on the h Jobi vgen di it
tion curve. Thus, at 27 C with a Pa,, of 25 torr the
total oxygen content (Tj,) of arterial blood remained
>15 ml (100 ml)-!, about three times the value ob-
tained at this P,, in normothermic rats. At
Pa,, 11-12 torr, arterial Ty, was reduced to about
5 ml (100 ml)-'. The hypoxia induced no change in
CMR,,, a threefold increase in CBF, a moderate
lactacidosis in the tissue, and a small decrease in
p hocreatine ent, but no ch in ATP,
ADP, or AMP. These changes are less marked than
those occurring at the same arterial T,, in
normothermic rats. It is Tuded that hypothermi
exerts a pronounced protective effect on the brain
in hypoxic hypoxia, and that two mechanisms are
involved. First, since hypothermia shifts the oxy-
hemoglobin-dissociation curve towards the left,
and prevents or minimizes a rightward shift due
to acidosis, it maintains a high T, in arterial
blood at a given Pa,. Second, by reducing
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CMR,,, and thereby presumably also cellularenerg,
requirements, hypothermia exerts a protective
effect at the cellular level. (Key words: Brain,
hypoxia; Hypoxia, cerebral; Hypothermia, hypoxin.)%
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IT 15 GENERALLY ASSUMED that the brain c’.ln%
be protected against the harmful effects of ax
reduced oxygen supply by h_\'p()thcnni'.l,"‘g
as well as by certain anesthetic drugsg
notably the barbiturates.>® With one excepp
tion,* the protective effects have been leslcd%
either during complete ischemia or in experi-¢.
mental situations the clinical validity of whiche
is unclear. There is thus a need for furthef
studies of potentially protective measures that}
can be instituted in clinical conditions ofcerc%

©
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bral hypoxia.

Very little is known about possi
tective measures in hypoxic hypoxia. In this}
condition, the oxygen supply to the brain i
endangered because there isa reduction in theg
arterial oxygen tension (Pag,) and contents
(Tag,). It is now well established that eveny
pronounced hypoxic (or anemic) hypoxia (:zu:g
be tolerated without causing a reduction irg
cerebral oxygen consumption (CMR,,) or &
major derangement in cerebral energy®
state.i5 It has recently been shown thatg
CMR,, is maintained at normal values everd
if Pag, is reduced to 20-25 torr, and thué
the increase in cerebral blood flow (CBFR
represents the main, if not sole, mcc]mnisng
that prevents energy failure. =™ This conclug
sion is supported by experiments showing
that conditions that interfere with the compeng’
satory increase in CBF, suchas a fall in blomE
pressure or ligation of a carotid artery, alsd
Jead to energy failure at the tissue leve] 119

In the present experiments, we have
studied the effect of hypothermia (reducﬁm\%
in body temperature by 10 degrees C) o
the circulatory and metabolic responses of the;
brain to hypoxic hypoxia. To allow comparisong
with previous laboratory experiments pert
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formed at normal temperature,?=' Pa,, was
reduced during hypothermia to 25 torr for
maximally 30 minutes. However, since this did
not induce any measurable change in CBF
or cerebrml metabolites, and since hypothermia
did not cause a pronounced decrease in
arterial Ty, Pay, was reduced further so as to
induce a fall in Tay, to about 5 mI-(100 ml)=,
the approximate value that nonmothennic ani-
mals reached at Pay, 25 torr. It is shown
below that hypothermia exerts a pronounced
protective effect on the brain under the
conditions of the experiments.

Methods and Materials

Since the experimental techniques and
methods used in the present study have been
described in previous communications from
the laboratory, 132122 gnly the general out-
lines are given here. All experiments were
performed on unstarved male Wistar rats
(300-400 g) anesthetized with 2-3 per cent
halothane, tracheotomized, and immobilized
with tubocurarine chloride (0.5 mg-kg?,
intravenously). Halothane was then discon-
tinued and the animals ventilated with 70
per cent N.O and 30 per cent O. until
hypoxii was induced. One femoral artery was
cannulated for blood pressure recording and
for sampling of blood. Rectal tempermture
was reduced to 27 C over a period of 30
minutes, ventilation being adjusted to main-
tain arterial blood pH close to 7.4. The
animals were then allowed a stabilizing period
of 30 minutes at the reduced temperature be-
fore hypoxia was induced. This was achieved
by reducing the oxygen concentration of the
insufflated gas mixture, keeping the nitrous
oxide concentration constant at 70 per cent.
there were three series of experiments, and
these are described separately.

SERIES A

In this series both femoral arteries and
one femoral vein were cannulated. Further-
more, the caudad part of the superior sagittal
sinus was exposed by means of a small burr
hole for sampling of cerebral venous blood.
At the end of the 30-minute stabilizing
period (at 27 C body temperature), the oxygen
supply was reduced to give either a Pag, of
about 23 torr or an arterial Tg, of about
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5 ml-(100 ml)~2. During the last 20 minutes
of the 30-minute hypoxic period, ®xenon was §
added to the insufflated gas mixture. At the 3
end of the saturation period, arterial and §
cerebral venous blood were sampled for§
133yenon and To,. Then 3 xenon administra- ;
tion was discontinued, and samples were again §
tuken from artery and vein during desatura- =
tion. After 3 minutes of desaturation, a further‘_’g_’
determination of cerebral arteriovenous oxy-
gen differences (a~vDg,) was made. These R
experiments thus served to measure CBF and 2,
CMR,, after 30 minutes of hypoxia. During§
the measurements, blood from a donor rat was S
slowly infused intravenously to avoid a de-
crease in blood pressure due to blood loss.
(For method, see Norberg and Siesjd, 1974.9)

S|

SERIES B

|seqlseue/moo'ue

In this series, the animals were prep.lrcdo
as in series A. However, #xenon was not used‘D
to measure CBF; instead, arteriovenous g
ox\'l.,en content differences were measured &
1, 2, 5, 13, and 30 minutes after indudiong
of hypoxia (reduction of Tuy, to ubout a—~
ml-(100 ml)~!). CBF changes were calculated -b
from a-vDy,, assuming constant CMR,,. CBF 5
is inversely proportional to a-vDy, according J
to the equation

CMRo.

a-vDy,

CBF = - 100

In addition, cerebral venous Py, was measured
after 5 and 30 minutes of hypoxia.

SERIES C

000109.61-2%50000/0296

In these animals, only one femorl artery was §
cannulated and the superior sagittal sinus was 8
not exposed. Instead, preparations were made &
for freezing the tissue in situ.® At the end of1_8.h
the 30-minute hypoxic period, arterial blood &
was collected and the tissue was frozen for@
subsequent meaurements of glucose, lactate, 3 g
and pyruvate (arterial blood) or glucose, o
lactate, pyruvate, phosphocreatine (PCr), cre- o
atine (Cr), ATP, ADP, and AMP (tissue).

Arterial blood Po,, Pco,, and pH were§
measured at 27 C using microelectrodes.
Arterial and venous T,, were measured ac-
cording to the method of Fabel and Liib-
bers.232¢ CBF was measured with the modi-

1dy 60
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TabLe 1. Rectal Temperatures, Mean Arterial Blood Pressures, and Blood Gas

HYPOTHERMIA AND BRAIN HYPOXIA

s in Hypothermic

Rats at Two Hypoxic Levels and in Hypothennic, Normoxic Rats

Number Temperature MABP P Paen
of Rats {torr) (torr} (torr} pil
Hypothermia-nonsoxia 6 271 127 113.0 28.7 7.311
=02 *3 = 17.0 =09 = 0.011
Hypothennia-hypoxia
Pa,, = 25 torr 6 26.7 127 23. 27.6 74401
+ 0.1 =3 > 07 = 0.8 = 0.004
Pig, = 12 torr 6 26.8 |39 % 10.8 271 7.345
=0.1 =2 =09 =044 = 0.012

Values are means = SEM. Statistical differences were calculated between the hypoxic groups and

the normoxic group.

Data for normoxic, hypothermic rats taken from Hagerdal et al®

*P <00l

fication of the Kety and Schmidts™ method
described by Norberg and Siesjo,? using a
partition coefficient for "xenon of 0.70 as
determined by Higerdal ef al 2 CMRy, was
caleulated as the product of CBF and a-vDo,,
the latter taken as the mean of the two
determinations.

Statistical differences were caleulated by
means of Aspin-Welceh's test.®

Results

SERIES A

As stated, two groups of rats were studied.
In one, the Pag, was reduced to about 25 torr
(steady-state value), and in the other, the oxy-

TABLE 2. Arterial and Cerebral Venous Total Oxygen Content, Cerebrl Arteriovenous Differences for
Oxygen, Cercbral Blood Flow and Cerebral Oxygen Consumption in Hypothermic,
Hypoxic Rats and Hypothermic, Normoxic Rats

gen coneentration was further reduced to give
an arterial blood Te, of about 3 ml-(100
ml)~t. Table I compares the data obtained
in these groups with those previously pub-
lished from this laboratory for normoxic,
lhypothermic rats.?* During hypothermia (and
before hypoxia was induced), Pace, was
adjusted to about 30 torr, to give an arterial
pH of about 74. The results show that
moderate hypoxia (Pay, about 25 torr) did not
induce a change in blood pressure, but that
severe hypoxia (Pag, about 11 torr) gave
rise to moderate hypotension. There was no
significant decrease in pH in any of the
hypoxic groups (see, however, below).

Table 2 contains the values for arterial and
cerebral venous To,, cerebml a-vDy,, CBF

Tan Trow Do, CBF CMHR,
Neumber
of Rats ml - (100 mh™* ml- (100 @ - min~*
Hypothermia—nonmoxia 6 26.90 19.60 7.30 82 5.6
= 0.70 = 0.80 + 090 =11 =01
Hypothermia-hypoxia
Pag, = 25 torr 6 15.74% 10.144 5.66 112 3.1
= 0.65 = L24 * 1.02 +27 > 03
Pag, = 12 torr 6 448t 2,18t ' 248* 3.4
= 0.35 *= 027 = 0.20 =38 =03

Values are means = SEM.

Data for normoxic, hypothermic rats taken from Hagerdal ef al®

*P <00l
t P <0.001
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TaBLE 3. Changes in Rectal Temperature, Mean Arterial Blood Pressure, Ante
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ial Blood pH, and Arterial

and Cerebral Venous Blood Pey, and Py, with Time after Induction of Hypoxia (Six Rats)

lw)
Temperature | MABP Pacun Primm T RS
© (tour) il (tore) ttomm) ttor) oz
Q
Just before induction of hypoxia 26.9 141 7419 289 322 | 123 3].7@
=01 =2 > 0.016 =03 *22 =7 = 1.0
3
After induction of hypoxia 2_
I min 26.7 144 20.6¢ E
=0.1 =3 = 1.0 =
N
2 min 26.7 1244 1491 8
=0.1 =3 =09 >
5 min 26.6 1194 7432 282 28.7 13.01 1 1.05
=02 =1 = 0.021 =12 | =07 | =06 = 0.6§_
15 min 265 | 1204 1191 S
=02 =2 =08 8
3
30 min 26.6 1144 7.367* 28.0 2835 11.01 798
=02 =4 | 20006 | =07 | =10]| =07 | =053
@
Values are means = SEM. g
*P <0.05. o
P <00L 8
1P <0.001 €
o
=
s
and CMR,, for the groups in table 1. At

Pay, 25 torr (inspired oxygen concentration
6-7 per cent), arterial Ty, was reduced to
16 ml-(100 ml)~. At the same Pag,, normother-
mic rats show a reduction of Ta, to 4-3
ml-(100 mD)™!, as previously reported from
this laboratory.*-'* In the hypothermic ani-
mals, Pay, had to be reduced to 11 torr (in-
spired oxygen concentration 2.5-3 per cent) to
obtain such low values for Ta,,. There was
no change in CMR,, during hypoxia. At Pag,
25 torr, a-vDy, and CBF were not significantly
altered from normal, but at Pag, 11 torr
there was a threefold increase in CBF.

SERIES B

In this series, arterial and cerebral venous
blood was sampled just before and 1, 2, 3, 15
and 30 minutes after induction of hypoxia
(final Pag,, about 11 torr). Table 3 illustrates
values obtained for body temperature, mean
arterial blood pressure, arterial blood pH, and
arterial and venous blood Pgg, and Po,. Tem-
perature was maintained at 26.5-26.9 C. Mean
arterial blood pressure fell by 20 torr after
2 minutes and remained significantly reduced
during the hypoxic period. After 30 minutes
of hypoxia there was a small but significant

decrease in arterial blood pH. Pagg, run‘linc(g
25-29 torr. During hypoxia, the cerebr
arteriovenous Peg, difference was close t(ﬁ
zero. The Pag, values show that Artermg
hypoxia developed gradually. However, afted
the first 2 minutes of hypoxia, Pa,, wasg
below 15 torr, and after 15 minutes the valud®
was close to that observed after 30 minutesg
Cerebral venous Pg, was below 10 torr in .ﬂg
animals after 30 minutes. cn
In figure 1 arterial and venous blood 'I",a
values have been plotted against time ()S
hypoxia. Also shown are the CBF Lh.mgcsg
calculated from a-vDy, on the assumption of 5
constant CMR,,. The results indicate that CBES
approximately doubled during the first 1—."8
minutes, and that the full CBF response (:8
threefold increase: ¢f. table 2) was ol)tz\inc(g
within the first 5 minutes.

SeRies C

sanﬁ Aq 1p!

In these animals, the physiologic Lh.mg,uo
were similar to those of series A and Bo
Thus, at the end of the 30-minute h\[:m\l(ﬁ>
periods, mean Pag, values were 24.2 % 0.68
and 12.3 = 0.3 torr, and arterial To, \'.l]uesx)
were 17.10 = 1.20 and 4.36 = 0.16 ml- (lO()\J
ml)~1, respectively. Metabolite concentrations
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Total oxygencontenl {m!/100m!)

Fic. 1. Chunges in arterial and
cerebral venous total oxygen con- 2
tent, and cerebral blood flow, with
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time after induction of hypoxia to
Tay, about 5 ml-(100 mi)~". Solid
symbols indicate significant differ-
ences from control, P <0.05, and
vertical bars, = SEM.

3004 l
t — \‘I
z
S 200 h
&
i CBF increase
1001 ©
0 8 ? 1 27 2% 28 32
TIME (mun)

in blood and tissue were compared with those
previously reported from this laboratory for
normoxic animals maintained at 27 C body
temperature.®

Table 4 shows the lactate and pyruvate
concentrations of arterial blood, and the
caleulated lactate/pyruvate (La/Py) ratios. At
Pag, 24 torr, neither the lactate concentra-
tion mor the La/Py ratio had changed sig-
nificantly. At Pag, 12 torr, there was a three-
to fourfold increase in lactate, and a significant
increase in La/Py ratio.
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Tissue metabolites are shown in table 5.3
Since the bmins of the (previously de-g
seribed®2) control groups were not e.\‘tmctudg
and analyzed simultaneously with those of thely
hypoxic groups, minor differences in me-§
tabolite concentrations should be ignored.
In generl, though, there was satisfactoryS
agreement between the control groups and3
that representing mild hypoxia (Pao, about
24 torr). Since animals maintained at Pag,=
24 torr had an arterial blood Tg, exceedinggQ
15 ml (100 ml)~! and did not show an in-®
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TABLE . Arterial Concentrations of Lactate and Pyruvate and Caleulated Lactate/Pyruvate Ratios in

Hypathermic Hypoxie Rats and Hypothennic Nommoxic Rats

Values are means = SEM.

Data for nonnoxic,

w)

S

Lactate Pymvate ?—,

o

Number of Rats ol - kgt Ly g

—0

Hypothermia-normoxia 6 220 0.154 143 g
=0.29 = 0014 =11 3

=

Hypothermia-hypoxia =
Pa,, = 24 torr 6 291 0.173 17.2 >
=0.10 = 0.012 > 13 2

N

Pag, = 12 torr 6 7.641 0.2261 311t 2
=024 = 0.010 =12 3

>

o

P

e}

3

)

=

@

1 P <0.00L
crease in CBF (table 2), the metabolite
values obtained may be provisionally re-

garded as representing a normal state. Dif-
ferences between the two hypoxic groups
were therefore calculated statistically. The
results show that pronounced hypoxia (Pag,
about 12 torr) gave rise to a two- to three-
fold increase in lactate concentration, as well
as to a significant increase in Lo/Py ratio and
decrease in phosphocreative concentration.
However, there was no change in ATP,
ADP, or AMP and thus no sign of energy
failure in spite of the pronounced reduc-
tions of Pa,, and Tay, (see Discussion).

Discussion

When discussing the present results, it is
essential to define the term “protection.”
In cerebral oxygen deficiency, whether it is
caused by arterial hypoxia or by ischemia,
there may be changes in function, metabolism
or structure, each of which can be reversible
or imreversible. In practice, a prophylactic
and therapeutic measure could be defined as
protective if it prevented or minimized func-
tional, metabolic or structural changes that
would occur in its absence. From a clinical
point of view, it would be desirable to evalu-
ate the final results of a hypoxic or ischemic
insult, and thereby also the efficiency of pro-
phylactic and therapeutic measures, from
functional signs and symptoms. However,
such indices are not easily studied in experi-
mental animals and, in acute experiments,

hapothermic rats tuken from Hagerdal et al.=

it scems preferable to use biochemical indice &
of tissue hypoxia. There is evidence thatd
unless tissue hypoxia gives rise to changeg
in adenine nucleotide levels, neuronal cellula@
damage does not usually result.™*® When n(g
change in ATP, ADP, or AMP is observedg
one can tentatively conclude that any oxygens
deficiency present is too modernute to induces
neuronal damage. At such moderate levels o

tissue hypoxia, the amount of hictate acy
cumulated in the tissue and the magnitude ofy
decrease in phosphocreatine may serv

provisional measures of severity of hypoxis

In hypoxic hypoxia, physiologic
tion” is provided by an increase in CB[‘§
The mechanisms of this increase have notheeng
clarified. However, there are reasons to bu-'ﬁ
lieve that hypoxia, at least when suuru‘g
leads to maximal vasodilatation and that, .luo
cordingly, CBF varies passively with the pu-o
fusion pressure. It follows from this th.no
prophylactic and therapeutic measures Louldo
be protective if they either improve tlssuco
perfusion or reduce the metabolic require
ments of the tissue. Since cerebral \'115()(1]]A(.l‘u—
tion may be maximal, improvement of CBF’<
should oceur mainly via an effect on pcrlu—m
sion pressure.

The present results should be considered mé
relation to these obtained during hypoxia in©
normothermic animals. Ata body t::mpcmturejg>
of 37C, reduction of Pay, to 25 torr givesy
rise to an increase in CBF to about 300 perQ
cent of normal, an increase in tissue lactate™
content to 8-10 mmol-kg~!, a decrease of
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phophocreatine by about 1 mmol-kg™?, and a _lgzs |z 18g 82
small increase in ADP At this Pag.. E =z = =4 == o
arterial Ty, falls gradually during the course i # # i H g
of the 30-minute hypoxic period to reach = 2
-alues of 4=3 ml-(100 ml)-\. This gradual B O —E 2
reduction of Ta, can be related to a progres- 3 = |az |ag 52 B2 (£ 3
sive plasma acidosis with pH values approach- i == i < ’i = f—l = ?l - g
ing 7.1 at 30 minutes. T Tl E 3
In the hypothermic animals, reduction of j : =
Pa,, to 25 torr did not induce an increase in g lga|eg gz 22| £ .i
CBF, nor was there any change in tissue E Sle2 ¢S |6 cic 1 5 2
metabolites indicative of tissue hypoxia. Un- 7 # " nooH 2 N
doubtedly, this “protective” effect was partly 2 H s
due to the fact that, in hypothermia, the = crot | == e 2 g g
arterial blood Ty, did not fall below 15 z |52 it = 2= P 3
ml-(100 ml)", ie., Tay, values were about = # 4 + # | 2 a
three times as high as those observed innormo- 2 2 S
thermic animals at the sume Pag,. This can ot - E )
be attributed to two factors. First, a decrease 2 gz |88 |28 =52 =z 2
in temperature will by itsell cause a shift 3 £l=S |wc (WS Fc |2 El
to the left of the oxyhemoglobin-dissociation el z # # woH z 2
curve® Second. hypothermia prevented the _é_?_. H] S
development of plasma acidosis and, thereby, :::f o |om | =« Be 2 5
the rightward shift of the curve that occurs  2Z g eS| Z2 52| 2 z =
at normal body temperature. '? é H # oo g ; %
Evidently, if the hypoxic load is defined L = B
in terms of Pa,,. hypothermia has apronounced =z o | = |12 T2 =z E
protective effect. Since this does not nee -".ZZ: = S =8 Zg =8 g =
sarily reflect any protective effect at tissue =_'t_:‘ ‘A'?l cf'] :i :i L §
level, Pag, was reduced further to yield an 2% ’ =i N
arterial Ty, of about 3 ml-(100 ml)™". Even ::"E: e 2
at this Pa,, level (11-12 torr), the plasma 5—; cx laz sz Ex|T g 5
acidosis was less pronounced than at Pag, 25 ik = 2 ZZ | =2 32 ,_?-_'-: S
torr in normothermic animals, and it must be £ 4 3t 1 # g—:-‘_ §
concluded that hypothermia efficiently min- 5 Sz 5
imizes anaerobic production of lactate in = . = P
i B ~ - - Lrel Lo >, ©o
peripheral tissues. At Pag, 11-12 torr, the = |22 |2 |5 8= | 22 >
hypothermic animals showed a threefold in- z = 'ﬂi mfl -3 -'_i N 2
crease in CBF (from 82 =11 to 248 =38 = = 3
ml-(100 @~ mir"), ie.. there was a less = %3 g
marked increase in CBF than in normothermic 2 § " e = 5 3
animals at comparable arterial To, values Z © = o E S
(from 114 = 6 to 516 = 41 m]-(100 g~*- min~*, :E E z 8;
see Johannsson and Siesjo'). In itself, this 2 2 g
does not prove that hypoethermia is assaciated ; = = E @a
with less marked tissue hypoxia. Thus, hypo- = E H 2 = 2
thermian might well limit the circulatory E] g £ S 2 o
response to hypoxia, e.g., by its influence on = T ? —f oz 2 P %
blood viscosity, and the low venous blood E = 222 .'_f_fgg
Py, values obtiined suggest that tissue s é e ~ FEVVR
hypoxia might have been present. However, z = = 1 A é; }_‘:fvg
the tissue anmalyses demonstrate that the £ £y 22 £ |T s N
z = = z

hypothermic animals had metabolic changes
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that were decidedly less pronounced than
those observed at normothermia. This was
evident in that, in hypothermia, only about
half as much lactate accumulated as in
normothermia, the decrease in phospho-
creatine concentration was smaller, and no
increase in ADP was observed. Therefore,
it must be concluded that the smaller in-
crease in CBF reflects more moderate tissue
hypoxia, rather than inability for further
dilatation. This conclusion is supported by the
fact that during hypercapnia hypothermic
animals show increases in CBF to higher
values than those presently observed.®

1t should be emphasized that the present
results were obtained in animals anesthetized
with 70 per cent nitrous oxide. Although there
is the theoretical possiblity that the anesthetic
may influence the response of the normo-
thennic or hypothermic animal to hypoxia, two
observations indicate that the effect, if any,
should be sowll. Thus, 70 per cent N;O
does not significantly decrease CMR,, in the
rat (Carlsson, Hagerdal and Siesjo, 1973, in
press®®). Furthermore, at 22 C the presence of
70 per cent N.O does not significantly
alter the changes in intermediary metabolites
induced by the hypothermia.®

In conclusion, the present results show that
hypothermia exerts a pronounced protective
effect on the brain in hypoxic hypoxia. This
effect seems to involve two mechanisms. First,
since hypothermia shifts the oxyhemoglobin-
dissociation curve towards the left, and pre-
vents or minimizes a rightward shift due to
acidosis, it maintains a high total oxygen
content in arterial blood at a given Puag,.
Second, by reducing CMR,,, and thereby
presumably also cellular energy require-
ments, hypothermia exerts a protective effect
at the cellular level.

References

1. Hirsch H, Bolte A, Schaudig A, et al: Uber
die Wiederbelebung des Gehims bei Hypo-
thermie. Plluegers Arch 265:328-336, 1957

Anabiawi IN, Brockman SK: Protective effect

hypothermia on total occlusion of the
cerebral circulation. Ann Surg 155:312-313,
1962

Boyd RJ, Connolly JE: Tolerance of anoxia
of the dog’s brain at various temperature.
Surg Forum 12:408-410, 1961

. White RJ: Preservation of cerebral function

[

4]

a3

CARLSSON, HAGERDAL, AND SIESJO

Anesthesiology
V44, No 1, Jan 1976

during circulatory arrest and resuscitation:
l[\'puthumm. pmh_ » considerations. Rc-o

suscits o
5. Goldstein A jr, Wells BA. Keats AS: Increase®
tolerance to cerebral anoxia by pentobu lrluhllo
Ard) Int Pharmacodyn Ther 161:138- l—lSn

2

6. Sumh AL, Hoff JT, Niclsen SL, et Barep

biturate protection in acute focal u:n.l)mE
ischemia. Stroke 5:1-7, 1974

7. Gurdjian ES, Stone WE, Webster JE: Cr:rmeg

mr:m])ullsm m hypoxia. Arch Neurol P:\*\

8. Kety SS, bdumdt CF: The effects of .llll.n:(ﬁ)
arterial tensions of carbon dioside and,
oxygen on cerebml blood flow and un.l)r.\ﬁ
oxygen Lunsmnpnon of nonnal young mulo
J Clin Invest 27:-184-492, 1948

9. Schial FW, Betz E, Dettinger E, ot .ll.
Energwstoff“ echsel der Grosshimrinde un
Elekt ot ei Sauers 3
el. Pluegers Arch 202:16-50, 1966 )

10. Cohen PJ, Alexander SC, Smith TC, et .le
Effects of hypoxis and normocarbia on Lercg
bral blood flow and metabolism in conscious®.
man. ] Appl Physiol 23:183-189, 1967 g—

11 Siesjop BK, Nilsson L: The influence of .utcn.x[g
hypoxemia upon labile phosphates and upong:
extra- and intracellular Iactate and p\'m\.xte}
concentrations in the rat brain. Sceand J Clmg
Lab Invest 27:83-96, 1971

12. Duffy TE, Nelson SR, Lowry OH: Cercl)nll—h
carbohydrate metabolism during acute ln-b
pmm.\nd recovery. J Neurochem 19:959-9773

N

1972

13. \lac\hllan V, Siesjo BK: Brain energy m::t.lbo—m
lism in hypoxemia. Scand J Clin Lab lmt.stc,
30:127-136, 1972

14. Bachelard HS, Lewis LD, Pontén U, et al:\
Mechanisms activating glycolysis in the brming
in arterial hypoxia. J Neurochem 22:395-3
401, 1974 Q

15. Norberg K, Siesjd BK: Cerebmal metabolism ln"’
hypoxic hypoxia. L. Pattern of activation ofg
glycolysis; a re-evaluation. Brain Res 86:31-5
14, 1975 3

16. Johannsson H, Siesjo BK: Blood flow and oxy-§
gen consumption of the rat brain in pmfmmdo
hypoxia. Acta Physiol Scand 90:281- ""8"‘o
1974

17. Jéhannsson H, Siesjo BK: Cerebral bluodm
flow and oxvgen consumption in the rat m_g_
hypoxic hypoxia. Acta Physiol Scand 930-
269-276, 1975

18. Borgstrom L, Jéhannsson H, Siesjo BK: The
relationship between arterial Po, and cerebrl]%
blood flow in hypoxic hypoxia Acta Ph\swlo
Scand 93:423-432, 1975

19. Salford LG, Plum F, Siesjp BK: Graded3
hypoxia-oligemia in rat brain. I. Biochemical>
dltemtionsand their implications. Arch ‘\‘euruL

9:227-233, 1973

20. Salford LC, Siesjo BK: The influence ofm

arterial hypona and unilateral carotid artery




Anesthesiolingn
V5. No 1. Jan 1976

occlusion upon regional blood flow and
metabolism in the rat bmin. Acta Physiol
Scand 92:130- 141, 1974
I. Hagerdal M, Harp J, Nilsson L. et al: The
effect of induced hypothenmia upon oxygen
consumption in the rat brain. J Neurochem
24:311-318, 1975
23 Higerdal M, Hasp J, Si
thermia upon organ
metabolites, citric

1]

9
3

esjo BK: Effect of hypo-

phosphates, glycolytic

acid cyele intermediates
and « ed amino acids in rat cerebrml
cortex. J Neurochem 2-4:743-7149, 1975

. Norberg K, Siesjo BK: Quantitative measure-

gen consumption
in the mt brain. Acta Physiol Scand 91:154-
164, 1974

. Pontén U, Ratcheson RA, Salford LG, et al:
Optimal freezing conditions  for cerebral
metabolites in rats. ] Newrochem 21:1127-
1138, 1973

. Fabel i, Libbers D\\ Eine Sdmcllt. Micro-

methaode zur seri Besti der
O.-Konzentration im Blut. Pluegers Arch 281:
32-33, 1964

. Borgstrom L, Higerdal M, Lewis L, et al:
Polarogruphic determination of total oxygen

Alpha-adrenergic Blockade

PHENTOLAMINE AND MYOCARDIAL IN-
FARCTION Acute myocardial ischemia was
produced by ligation of the left anterior
descending coronary artery in 19 dogs. After
the development of sustained ST segment
elevation and arterial hypotension (systolic
pressure less than 80 torr for 30 minutes),
phentolamine (2 pg/kg/min) was administered
intravenously for 20 minutes. Data were ob-
tained after myocardial infarction and 15 min-
utes after phentolamine administration. Com-
parison was made with 11 dogs with similarly
produced myocardial ischemia receiving only
saline treatment. Acute myocardial ischemia
resulted in reductions of heart rate, stroke
index, cardiac index, stroke work index, ar-
terial blood pressure, dP/dt, coronary-artery
blood flow, coronary vascular resistance, and
myocardial oxygen uptake. Left ventricular
end-diastolic pressure (LVEDP), systemic vas-
cular resistance, and myocardial A-V O, dif-
ference increased. Phentolamine administra-
tion was accompanied by an increased mean
cardiac index without change in LVEDP
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or heart rate. Mean systemic vascular rex
sistance decreased while mean arterial pres
sure increased. With improved cardiac perl)
formance, coronary blood flow increased b)g
41 per cent and myocardial oxygen uptakds
by 21 per cent. Similar changes were no&a
observed in control animals. The authors sug#
gest that phentolamine decreased my on.\rdnl?;
oxygen requirements by: 1) decreasing s\sow
temic vascular resistance and afterload; ’B
antagonizing venous constriction, thereby det,
creasing left ventricular end-diastolic \olnmeg
(a decrease in heart size reduces my: ocardl.lg
oxygen needs). The authors suggest that thed
cautious use of alpha-adrenergic blockadeS
can increase cardiac output without decreas~<
ing arterial pressure. They further indic: llﬁ:
that the enhanced coronary blood flow and?,
decreased oxygen requirements may be adS
vantageous clinically. (Nagasawa K, Vyden3
JK, et al: Effect of Phentolamine on Cardiacz
Performance and Energetics in Acute \lyo-—-
cardial Infarction. Circ Slmck 2:5-11, 19/.3)"’




