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The circulatory changes that occur during
acutely induced hypoxia have been of interest for
many years (1-6). It now seems clear that many
of the observed responses to this stimulus result
from a complex interaction of its direct effects on
the heart and the vascular bed and of its indirect
effects mediated through nervous, or humoral
mechanisms, or both. The present investigation
was designed to study the circulatory effects of
hypoxia in an experimental preparation in which
the responses of the systemic venous bed, the heart,
and the systemic arterial bed could be separated.
Particular attention was directed to determining
the effects of hypoxia on the total systemic venous
bed. The potential importance of any changes in
venous tone are apparent when it is considered
that this segment of the circulation contains the
major portion of the systemic blood volume (7).
Small changes in the diameter of the veins might
be expected to produce large changes in the vol-
ume of the venous bed and in the magnitude of the
venous return to the heart; any such changes
could, in turn, modify the cardiac output and,
therefore, the arterial pressure (8-11 ). In the
present investigation the activity of the chemore-
ceptors, the adrenal glands, and the spleen was
also studied, since these organs have been impli-
cated in the circulatory responses to hypoxia (12-
18).

METHODS

The experiments were performed on mongrel dogs,
weighing 14.7 to 20.3 kg, which were anesthetized with
morphine sulfate (2 mg per kg, s.c.), followed in 30 min-
utes by chloralose (45 mg per kg, i.v.), and urethane
(450 mg per kg, i.v.). Two basic experimental prepa-
rations were employed. Preparation A, used for the ex-
periments subsequently referred to as groups I and II,
was similar to that used in previous studies (10, 11) and
is illustrated in Figure 1. Positive pressure respiration
was maintained through a cuffed endotracheal tube until
extracorporeal circulation was established. After right

thoracotomy and isolation of the femoral vessels, cardio-
pulmonary bypass was instituted. Blood was drained
from the venae cavae and atria through large-bore, rigid
cannulae into a rotating disc oxygenator. The blood then
passed to a roller pump, through a recording rotameter,
and was returned to the dog through a cannula in the
femoral artery. All blood entering the right atrium was
diverted into the oxygenator and thus the pulmonary
circuit was not perfused. The systemic perfusion rate
was maintained constant at 100 ml per kg per minute
throughout each experiment. Heparin (4 mg per kg)
was used as the anticoagulant. The blood volume in the
oxygenator was kept constant at all times by an electronic
sensing device (19) that actuated an auxiliary pump. In
order to maintain a constant blood volume in the oxy-
genator, the auxiliary pump automatically exchanged
blood between the oxygenator and a separate blood
reservoir. By this technic any change in the volume of
this second reservoir reflected an inverse change in the
intravascular blood volume of the animal. The volume
of blood in the reservoir was determined at 1-minute in-
tervals throughout each experiment, providing minute-
to-minute measurement of changes in the intravascular
blood volume of the animal. Thus, as has been shown
previously (10, 11), generalized venoconstriction is ac-
companied by an increase in venous return to the oxy-
genator, a decrease in intravascular blood volume, and a
reciprocal increase in the volume of blood in the second
reservoir. In order to measure venous return more
directly, alterations of the intravascular blood volume
during hypoxia were prevented in two experiments by
modifying the output of the pump. For example, when
venous return to the reservoir increased, the pump out-
put was manually increased at a rate sufficient to main-
tain the volume of the extracorporeal circuit constant.
The alterations of systemic perfusion rate were deter-
mined and provided a measurement of the changes in
venous return.

A direct-writing oscillograph was used to record the
following variables simultaneously: a) mean aortic pres-
sure measured by a Statham P23D pressure transducer
through a polyethylene catheter inserted through the fem-
oral artery; b) pressures in the superior and inferior
venae cavae measured by two Statham P23A pressure
transducers through catheters in the external jugular and
femoral veins, respectively; c) right ventricular contrac-
tile force determined with a Walton-Brodie strain gauge
arch (20, 21) sutured to the right ventricular wall; and
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FIG. 1. SCHEMATIC DIAGRAM OF PREPARATION A. SVC= superior vena cava; IVC
= inferior vena cava; RA= right atrium; LA = left atrium; AO= aorta; FA = femoral
artery; DET= electronic level detector; RES= auxiliary blood reservoir.

d) systemic blood flow measured by means of a Shipley-
Wilson rotameter (22).

Changes in the oxygen saturation of the arterial blood
were induced by modifying the gas mixture supplied to
the oxygenator chamber. During the control periods the
gas mixture consisted of 98 per cent 02: 2 per cent CO2.
Hypoxia was produced by changing to 10 per cent 02: 2
per cent CG2: 88 per cent N2 for periods ranging from 7 to
12 minutes. The oxygen saturation of arterial blood was
determined during the control period and at the termina-
tion of the experimental period by means of the mano-
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metric technic of Van Slyke and Neill (23) or a spec-
trophotometric method (24).

Hypoxia was induced in 17 animals prepared as de-
scribed above. Four of these had undergone splenectomy
and bilateral adrenalectomy 3 to 4 weeks prior to study
and were then maintained on parenteral cortisone. Six
of the dogs were studied after chemoreceptor denerva-
tion, carried out as described below. The remaining
seven dogs had not undergone any operative procedure
other than that for cardiopulmonary bypass and will be
referred to as "intact" animals. Succinyicholine was ad-

I I I . ~P1---I-C SYSTEMILJ~~ L ~~1[OXY~~GEN%TOR'A
___PUMP

CAROTIO
PUMP - -[--L '

-~~~~~~~1 1-XiYoGENA~o s3|-~~~~~~~~~~~~~~~~~~~~.
FIG. 2. SCHEMATICDIAGRAM OF PREPARATION B. LCC and RCC refer to the left and

right common carotid arteries. Other abbreviations same as in Figure 1.
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EFFECT of HYPOXIA to the CAROTID BED ALONE
100- ___~~~~~~~~~~~~~~~.........

MAP 50-- -
mmf-lg ~~~~~~~~ -~ ....... ........

MCP~~~~~~~~~~~~~~~~~.. .... -........
mmHg o

0-~~~~~~~~~~~~~~~~~~~~~~~~~~~~...

16..50

SPR-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~...
ml/min~~~~~~~~~~~~~~~~~~~:zjzp ~ ~ ~

CONTRO HYPXI REXYEATO

90 secs 30 secs

FIG. 3. M.AP. = mean aortic pressure. R.V.C.F.

=right ventricular contractile force; M.C.P. = mean

carotid pressure; S.P.R. = systemic perfusion rate.

ministered to two of these animals in order to produce

skeletal muscle paralysis, and bilateral phrenic nerve sec-

tion was performed in one animal in the intact group.

Denervation of the carotid chemoreceptors consisted of

bilateral resection of a portion of the carotid arterial tree

between points that were cm proximal and distal to the

carotid bifurcation; this resection included removal of

the carotid body and section of the sinus nerve. In three

dogs the carotid denervations were carried out immedi-

ately before studying the effects of hypoxia and in three

others the denervations were carried out 5 to 12 days

before the experiment. The aortic chemoreceptors were

denervated by sectioning the vagus nerves in the neck on

the day of the experiment. Denervation of the carotid

and aortic baroreceptors necessarily accompanied denerva-

tion of the chemoreceptors.

In preparation B, a double perfusion system, sche-

matically illustrated in Figure 2, was employed in four

dogs (groups III and IV) in order to separate the reflex

effects of hypoxia from the direct, local effects of this

stimulus. Blood was drained from the venae cavae into

oxygenator A, which was supplied either with 98 per cent

02 : 2 per cent GO2, or with 10 per cent 02: 2 per cent

CO.,: 88 per cent N2. Blood was pumped from this oxy-

genator into the femoral artery, as in preparation A.

In addition, the two common carotid arteries were iso-

lated and cannulated, and perfused by a second pump,

from oxygenator A or B; the latter was supplied with 5,

10, or 98 per cent 02.: 2 per cent CO. and the remainder

nitrogen. Bilateral cervical vagotomy was performed in

all of these animals in order to denervate the aortic

chemoreceptors. With this preparation it was possible to

vary independently the oxygen saturation of the blood

perfusing the carotid arteries and the remainder of the

systemic arterial bed. The perfusion pressure in both

carotid arteries was kept constant by varying the out-
put of the carotid perfusion pump slightly, and in some
of these experiments heart rate was controlled by means
of electrical stimulation of the right ventricle.

RESULTS

During the control periods for experimental
groups I and II the arterial oxygen saturation
ranged from 91 to 100 per cent with an average
value of 97.4. At the termination of the period of
hypoxia the saturation ranged from 38 to 65 per
cent with an average value of 50.1.

A. Intravasc-ular blood volume. Hypoxia re-
sulted in an increase in venous return and a conse-

quent decline in systemic blood volume in all 11
dogs with intact chemoreceptors (group I). The
decrease in blood volume ranged from 12.2 to 21.3
ml per kg (average, 16.0) in the seven "intact"
dogs (including the two animals 'which had re-
ceived succinylcholine and the one animal in which
the phrenic, nerves had been sectioned). In the
four dogs in which bilateral adrenalectomy and
splenectomy had been performed, the blood vol-
ume decreased by 9.2 to 13.5 ml per kg (average,
10.9). Hypoxia did not result in any change in
venous return or in intravascular blood volume in
the six dogs in group II which had been subjected
previously to denervation of the carotid and aortic
chemoreceptors (Table I).

B. Venouis return. In order to maintain con-
stant the volume of the extracorporeal circuit, and
therefore of the intravascular compartment, during
the hypoxia period, it was necessary to increase the
output of the pump by 16 and 24 per cent of con-
trol values in two dogs with intact chemoreceptors
which were studied in this manner.

C. Mean aortic pressure. There was consider-
able variation of the response of mean aortic pres-
sure to generalized hypoxia in the experiments of
group I. In the intact animals these changes
ranged from + 15 to - 16 per cent of control
values, with a mean change of + 1. 1 (Table I).
In the four dogs in which adrenalectomy and
splenectomy had been performed, mean aortic
pressure during hypoxia varied from + 4 to - 25
per cent (average, - 10.1) of control values. All
six dogs in group II, in which the chemoreceptors
had been denervated, showed a fall in mean aortic
pressure ranging from 24 to 50 per cent (average.
40.1; Table I).
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100
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FIG. 4. POST-HYPOXIC VASODILATATION. Abbreviations same as in Figure 3. The
vertical arrow indicates the instant at which the gas supply to the oxygenator was changed
to 98%o 02 after 8 minutes of 10%o 02.

In preparation B, poorly oxygenated blood
(saturation 21 to 71 per cent; average, 50.0) was
delivered to the carotid arteries, while the re-
mainder of the systemic vascular bed was perfused
with oxygenated blood on twelve occasions in four
dogs in group III. An increase in arterial pres-
sure occurred in eleven of these trials (Figure 3)
and a decrease (- 4 per cent) in one. The aver-
age change for the twelve trials was an elevation
of 15.4 per cent above control levels (Table II).
In two dogs in group IV the carotid arteries were
perfused with oxygenated blood, while poorly oxy-
genated blood was delivered to the remainder of
the systemic circulation. In both instances a de-
cline in systemic vascular resistance, 34 and 22
per cent of control levels, occurred (Table II).

D. Post-hypoxic dilatation. Within 1 minute
after reinstitution of the 98 per cent 02: 2 per cent
CO2 mixture to the oxygenator, a brief but strik-
ing decline in mean aortic pressure occurred in the
dogs without chemoreceptor denervation (group
I; Figure 4). In the intact dogs this decline
ranged from 7 to 39 per cent (average, 18.9) of
the pressure existing just before the reinstitution
of 98 per cent 02. In the animals which had been
subjected to adrenalectomy and splenectomy, the
decline ranged from 27 to 46 per cent (average,
37.5) of the pressure existing just before reoxy-
genation. Five of the six animals in group II, in
which the chemoreceptors had been denervated, ex-
hibited no post-hypoxic dilatation, whereas the

sixth animal demonstrated a 32 per cent fall in
mean aortic pressure with reoxygenation (Table
I).

E. Myocardial contractile force. An increase in
right ventricular contractile force occurred in all
animals in group I, in which generalized hypoxia
was induced in the presence of intact chemorecep-
tors. The changes in contractile force in the in-
tact dogs ranged from + 15 to + 88 per cent (av-
erage, 42; Table I). In the three dogs in which
adrenalectomy and splenectomy had previously
been performed and in which contractile force was

measured, this parameter increased 35, 41, and
61 per cent (average, + 45.3). Changes in con-
tractile force during generalized hypoxia were
measured in five of the six dogs in group II with
chemoreceptor denervation, and a decline ranging
from 8 to 66 per cent (average, 31.1) of control
levels was observed (Table I).

In preparation B, myocardial contractile force
rose by 3 to 43 per cent of control levels in eleven
of twelve trials in the four dogs in group III in
which poorly oxygenated blood perfused the carotid
arteries, while oxygenated blood was delivered to
the heart and the remainder of the systemic cir-
cuit (Figure 3, Table II). In the other trial con-
tractile force declined by 9 per cent of control.
The average change for the twelve experiments
was an increase of contractile force which was
13.6 per cent of control. In both dogs in group IV
in which the carotid arteries were perfused with
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oxygenated blood, while poorly oxygenated blood
was delivered to the remainder of the systemic cir-
culation, myocardial contractile force fell by 9 and
28 per cent of control levels (Table II).

F. Heart rate. When poorly oxygenated blood
was delivered to the entire systemic circulation
(group I) ventricular rate changed by 0 to - 25
per cent (average, - 11.6) of control in the five
intact animals, from + 8 to - 22 per cent (aver-
age, - 2.3) in the three animals in which adrenal-
ectomy and splenectomy had previously been per-

formed, and from + 4 to - 25 per cent (average,
- 4.3) in animals with denervated chemoreceptors
(Table I).

DISCUSSION

The reactivity of the preparation employed in
the present experiments was of necessity compro-

mised to some extent by the general anesthesia and
the extensive operative procedure. These inter-
ventions were dictated, however, by the major goal
of this study, which was to separate the effects of
hypoxia on the heart and the venous and arterial
systems. Blood pH, pCO2, lactic acid, and a host
of other biochemical variables were not determined
in these experiments, and the possibility certainly
exists that many of these were altered by anes-

thesia, operation, and the use of cardiopulmonary
bypass. Furthermore, the induction of hypoxia
may well have resulted in further changes of pH,
pCO2, and so forth. The possibility has not been
excluded that some of the circulatory alterations

produced by hypoxia may be related to these sec-

ondary biochemical changes.
A. Intravascular blood volume and venous re-

turn. It has been demonstrated previously that
the entire systemic venous bed takes part in the
reflex response to stimulation of carotid (10) and
intracardiac baroreceptors (11), and participation
of the venous system in the response to hypoxia
and asphyxia has been suggested (9, 25, 26).

In all of the experiments in which, the chemo-
receptor and baroreceptor reflex arc was intact, hy-
poxia resulted in an increase in venous return, and
a decrease in systemic blood volume approximating
20 per cent of the total blood volume and 25 per

cent of the extracardiopulmonary blood volume of
the dog. Since the volume of the postcapillary
bed comprises about 75 per cent of the animal's
systemic blood volume (7) and the observed
changes in blood volume were relatively large, it
seems reasonable to conclude that the major change
in volume occurred in the postcapillary bed and
resulted from venoconstriction. This assumption
is supported by the occurrence of only relatively
minor changes in systemic vascular resistance dur-
ing the hypoxic period, which suggests that little
change occurred in the volume of blood contained
in the precapillary bed. It is well recognized that
a sphincter mechanism exists in the hepatic veins
of the dog (27), and the possibility that dilatation
of these sphincters may have contributed to the
increase in venous return has not been excluded.
The changes in pump output, which were neces-

TABLE 111

A summary of the effects of acute hypoxia in animal groups I-IV

Group I II III IV

Experimental Carotid chemo- Intact Denerv Intact Intact
conditions receptors

Aortic chemo- Intact Denerv Denerv Denerv
receptors

Carotid arterial Hypoxic Hypoxic Hypoxic Eupoxic
bed

Systemic vascu- Hypoxic Hypoxic Eupoxic Hypoxic
lar bed

Experimental Venous return T No change Not measured Not measured
results Systemic vascu- Variable J. 4

lar resistance
Post-anoxic Present Absent* Variable Absent

arteriolar
dilatation

Myocardial con- 4 4.
tractile force

Heart rate 4 Variable Variable No change

*Absent in 5 of 6.
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sary to prevent alterations in the volume of the
systemic circuit during hypoxia, are similar to the
changes in cardiac output that would have oc-
curred had the heart responded to changes in ve-
nous return alone. These observations indicate
that, in the absence of any direct effect upon the
heart itself, the cardiac output would increase dur-
ing hypoxia, as a result of the increase in venous
return. Since the augmentation of venous return
induced by hypoxia was completely eliminated by
interruption of the chemoreceptor reflex arc, it is
concluded that this augmentation observed in the
intact animals resulted from stimulation of the
carotid body, or aortic chemoreceptors, or both
(Table III). Bilateral adrenalectomy and splenec-
tomy tended to diminish the decrease in blood
volume that occurred during hypoxia, although
there was considerable overlap among the values
observed. These findings suggest that the release
of catecholamines from the adrenal medulla, or
the contraction of the spleen, or both, play a sig-
nificant, but not a major, role in the displacement
of blood from the systemic vascular bed during hy-
poxia. The observation that the decrease in sys-
temic blood volume induced by hypoxia was not
diminished by section of the phrenic nerves or by
skeletal muscle paralysis indicates that in these
open-chest dogs increased activity of the thoracic
pump induced by hypoxia was not responsible for
the augmentation of venous return.

B. Mean aortic pressure. Any change in mean
aortic pressure occurring in those experiments in
which blood flow from the pump into the systemic
vascular bed was maintained constant reflects a
parallel change in systemic vascular resistance
(28). When poorly oxygenated blood was de-
livered to the entire systemic vascular bed, the
effect on systemic vascular resistance of the in-
tact dogs (group I) was not marked or consistent.
However, after denervation of the chemoreceptors
(group II), a significant decrease in vascular re-
sistance was observed. Resistance also declined
in the vagotomized dogs in which the systemic cir-
cuit was perfused with poorly oxygenated blood,
while the carotid arteries were perfused with oxy-
genated blood (group IV). On the other hand,
when oxygenated blood perfused the systemic vas-
cular bed, while poorly oxygenated blood was de-
livered to the carotid arteries (group III), an ele-
vation of svstemic vascular resistance was usually

noted. These results, summarized in Table III, in-
dicate that the direct effect of hypoxia is to pro-
duce a net arteriolar dilatation but that this re-
sponse is opposed by the arteriolar constriction
which is mediated by the chemoreceptor reflex
arc. The effects in the intact dogs represent the
summation of these opposite influences. With
the preparation employed, no information on the
effect of hypoxia on specific arterial beds could
be obtained, but the net effect on the total systemic
vascular bed was determined. It is possible that
the magnitude and even the direction of change
may have varied in different beds. The vascular
resistance tended to decline to a greater extent in
the adrenalectomized dogs than in the intact dogs.
This observation suggests that the adrenal gland
contributes to the counteraction of the direct vaso-
dilatory effects of hypoxia on the arteriolar bed.

C. Post-hypoxic dilatation. The sudden, brief
decline in vascular resistance after cessation of hy-
poxia, "post-hypoxic dilatation," has been observed
previously by a number of investigators (29-31),
but the mechanism responsible for it has been dis-
puted. Litwin, Dil and Aviado believe that this
phenomenon is neurogenic in origin, but not de-
pendent upon an intact chemoreceptor reflex arc
(31). In the present experiments this phenome-
non was consistently observed in the dogs with in-
tact aortic and carotid chemoreceptors (group I),
and in six of twelve experiments in vagotomized
dogs in which the carotid chemoreceptors were
intact and perfused with poorly oxygenated blood.
However, it was observed in only one of six dogs
in which both groups of receptors had been dener-
vated (group II), and it was absent in all experi-
ments after systemic hypoxia had been produced
in animals in which the carotid chemoreceptors
were not exposed to hypoxia and the aortic re-
ceptors had been denervated (group IV; Table
III). These data support the view (31) that post-
hypoxic arteriolar dilatation is neurogenic in ori-
gin, but they suggest that intact chemoreceptors
must be stimulated in order for this phenomenon
to occur. It is suggested that post-hypoxic dilata-
tion results from the sudden withdrawal of re-
flexly induced arteriolar constriction, while the di-
rect vasodilatory effect of hypoxia persists for a
somewhat longer period. However, the possibility
has not been excluded that maximal vasodilatation
occurring prior to the cessation of hypoxia pre-
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vented the occurrence of postanoxic arteriolar dila-
tation in those experiments in which this phenome-
non was not observed.

D. Myocardial contractile force. It is well es-
tablished from animal experiments (2) as well
as from observations on unanesthetized man (4,
32) that moderate degrees of hypoxia are con-
sistently associated with an increase of cardiac
output. Changes in cardiac output, however, do
not necessarily reflect alterations in myocardial
contractile force, since variations in venous return,
systemic resistance, and heart rate can also pro-
foundly modify cardiac output (33, 34). Woods
and Richardson (35) demonstrated that marked
increases in myocardial contractile force occurred
when vagotomized open-chest dogs were exposed
to 100 per cent nitrogen. While adrenalectomy
did not modify this response, total sympathetic
blockade reduced the anoxia-induced augmenta-
tion of contractile force. Honig and Tenney (12),
utilizing a ballistocardiograph, showed that an in-
crease in cardiac force which was not dependent
upon the presence of the adrenal glands occurred
during hypoxia. Downing, Remensnyder and
Mitchell (36) recently demonstrated that an ele-
vation of the curves of left ventricular function
occurred during generalized hypoxia, but that
curves of ventricular function were unchanged or
became depressed when the hypoxia was confined
to the carotid chemoreceptors.

In the present experiments increase in contrac-
tile force occurred during generalized hypoxia
when the chemoreceptors were intact (group I),
regardless of the presence of the adrenal glands.
An increase in contractile force was also observed
when the hypoxia was limited to the carotid per-
fusion circuit, while oxygenated blood perfused
the heart and the remainder of the systemic circu-
lation (group III). Contractile force was aug-
mented in experiments in which changes in heart
rate occurred, as well as in those in which rate was
held constant. In the dogs in which the chemore-
ceptors had been denervated, generalized hypoxia
reduced contractile force (group II). A decrease
in myocardial contractile force was also observed
in the dogs with intact carotid receptors, in which
only the carotid perfusion circuit received oxy-
genated blood (group IV). These data (Table
III) are consistent with the view that the augmen-
tation of myocardial contractile force that occurs

during hypoxia is reflex in origin, and that the
carotid and aortic chemoreceptors form the affer-
ent limb of this reflex arc. However, the direct ef-
fect of hypoxia on the myocardium is to depress its
contractility, a view which is also supported by the
observation of Gremels and Starling on the heart-
lung preparation (37) and of Sands and DeGraff
in intact anesthetized dogs (38). Our data are
not consonant with the hypothesis of Baugh, Cor-
nett and Hatcher (14) nor of Nahas, Mather,
Wargo and Adams (39), who have suggested that
the cardiac sympathetic nerves do not play a ma-
jor role in the cardiac response to hypoxia. but
who considered circulating catecholamines from
the adrenal medulla to be of prime importance.
There seems to be little doubt that adrenal catecho-
lamine release can occur during hypoxia. Fowler,
Shabetai and Holmes (16) found that norepi-
nephrine-like substances increased in adrenal ve-
nous blood in dogs whose arterial oxygen satura-
tions were lowered to between 33 and 59 per cent.
Ludemann, Filbert and Cornblath (17), how-
ever, using a fluorometric assay technic, could
find no rise in the epinephrine content of periph-
eral plasma in asphyxiated dogs, unless the ar-
terial oxygen saturation fell below 42 per cent.
The data in Table I show that hypoxia can pro-
duce a large increase in myocardial contractile
force in the absence of both adrenal glands. Thus,
as with the effects on the systemic arterial bed, the
response of myocardial contractile force to hy-
poxia observed in the intact animal results from a
complex interaction of reflex and direct effects.

It should be pointed out that in the present ex-
periments the hypoxic stimulus was applied either
to the entire central nervous system (groups I and
II) or to a portion of it (groups III and IV). It
has recently been suggested that exposure of the
central nervous system to hypoxic blood may re-
sult in sympathetic stimulation of the heart (36).
This hypothesis could not be critically evaluated
in our experiments, since hypoxia of the central
nervous system alone was not induced; however.
since generalized hypoxia always resulted in a

depression of contractile force in the chemore-
ceptor-denervated animals (group II), it seems un-

likely that the cardiac augmentation resulting from
direct hypoxic stimulation of the central nervous

system could be a powerful effect with the degree
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of arterial unsaturation employed in the present
experiments.

E. Heart rate. Systemic hypoxia has been
shown to elevate the heart rate in almost all mam-
inalian species that have been studied (2, 4), but
hypoxia of the isolated carotid body slows the
heart rate (36, 40, 41). Although the explanation
for this difference is not clear, "pulmonary re-

flexes" have been mentioned as a possible cause

for the increase in rate observed in intact animals
(40). The results obtained in these experiments
are consistent with this view, since a decrease in
heart rate occurred in the intact dogs during hy-
poxia (group I), while no consistent changes were

observed after chemoreceptor denervation (group
II). Although hypoxia produced some respiratory
movements in those dogs which had not received
succinylcholine, their lungs remained collapsed
throughout the control and experimental periods.
It therefore appears possible that the slight brady-
cardia that was observed in group I was related
to stimulation of the chemoreceptors in the absence
of the antagonizing pulmonary reflexes.

SUMMARY

The circulatory effects of lowering arterial oxy-

gen saturation were studied in dogs in a manner

permitting the independent assessment of the re-

actions of the arterial vessels, the venous vessels,
and the myocardium to hypoxia. In addition, the
role of the chemoreceptors in the mediation of
these responses was investigated by hemodynami-
cally isolating or denervating these structures.

Generalized systemic hypoxia resulted in an in-
crease in venous return and a striking decrease
in systemic blood volume. These changes were

interpreted to be due to systemic venoconstriction.
Since these effects could be prevented by chemo-
receptor denervation, it was concluded that they
were mediated by the chemoreceptor reflex arc.

An increase in systemic vascular resistance oc-

curred when hypoxemia was localized to the carotid
arterial bed, but a decline in systemic vascular re-

sistance was observed when the entire systemic
vascular bed was made hypoxic and the chemore-
ceptors denervated or perfused with oxygenated
blood. These results indicate that the direct ef-
fect of hypoxia is to produce net arteriolar dila-
tation but that this response is opposed by the ar-

teriolar constriction which is mediated through
the chemoreceptor reflex arc. Posthypoxic dila-
tation occurred only in animals in which intact
chemoreceptors were stimulated by hypoxia; these
experiments support the view that this response
is neurogenic in origin and suggest that it re-
quires an intact chemoreceptor reflex arc.

Myocardial contractile force increased when in-
tact chemoreceptors were perfused with hypoxic
blood, regardless of the saturation of blood per-
fusing the heart. Myocardial contractile force de-
creased, however, when poorly oxygenated blood
perfused the heart and when the chemoreceptors
were either denervated or perfused with well
oxygenated blood. It therefore appears that the
augmentation of myocardial contractile force that
occurs during generalized hypoxia is dependent
upon an intact chemoreceptor reflex arc that op-
poses the direct myocardial depressant effects of
hypoxia.
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