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TaEe frequently occurring drop in arterial blood pressure during spinal
anesthesia has been explained by the following theories:

1. Paralysis of Vasomotor Centers

a. by diffusion of the anesthetic from the spinal fluid into
the medullary centers (1),

h. by absorption of the anesthetic into the blood stream (2,
3).
2. Paralysis of Adrenal Nerves with consequent oligo-adrenaline-
mia (4). .
3. Paralysis of Inlercostal and Abdominal Muscles leading to re-
dueed pulmonary ventilation and decreased intrathoracie sue-
tion causing a diminished venous return (5, 6, 7). )
4. Stagnation in the Postarteriolar Bed resulting from loss of skele-
tal muscle tone by paralysis of motor roots. A lowered intra-
muscular pressure (8) leads to diminished support of the
capillary wall, venocapillary stasis and decreased venous re-
turn to the heart (8, 9, 10).
5. Arteriolar Dilatation
a. in the splanchnic area owing to paralysis of splanchnic
nerves (11, 12).

h. in the entire vascular area—somatic and visceral—where
anterior roots are paralyzed together with their sympa-
thetie vasoconstrictor fibers (13, 14, 15, 16, 17, 18, 19).

t

The first three theories have merely historical value and can be
dealth with briefly.

Paralysis of Vasomotor Centers—It is improbable that the spinal
anesthetic agent diffuses into the medullary region in sufficient concen-
tration to affect the vasomotor centers, as the level of sensory paralysis
rarely rises above the upper thoracic segments. The claim that the
medullary centers are more sensitive to the anesthetic agent than are

* From the Department of Surgery (B), The Hadassah University Hospital, Jerusalem,
Palestine.
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the spinal roots (20) cannot be maintained; on the contrary it has been
proved experimentally that excessively high concentrations are re-
quired to bring about paralysis of the medullary centers (21, 22).

Absorption of the spinal anesthetic agent into the blood stream is
even more unlikely to occur in effective concentrations. Intravenous
injection of procaine in much larger doses than ordinarily used in
spinal anesthesia does not produce hypotension (23, 24).

Paralysis of Adrenal Nerves~—An abrupt block of secretory im-
pulses to the suprarenal medulla with resultant oligoadrenalinemia has
been suggested as a possible cause of hypotension (4). Since neither
ligation of the adrenal veins (25) nor bilateral adrenalectomy (26) is
accompanied by a fall in blood pressure this assumption is untenable.

Paralysis of Intercostal and Abdominal Muscles—Paralysis of
these muscles not infrequently occurs in spinal anesthesia and a subse-
quent decrease in aspiration action of the thorax may influence blood
pressure (5, 6, 7). Reduced pulmonary ventilation, however, need not
follow intercostal paralysis since increased diaphragmatic action can
adequately maintain oxygenation of the blood (14). Moreover it has
been demonstrated that the tidal air in man and animals is not reduced
under high spinal anesthesia (14). The hypotension accompanying
spinal anesthesia, therefore, cannot be the result of anoxemia caused
by intercostal paralysis.

The theories of postarteriolar stagnation and of arteriolar dilata-
tion are the best established, and warrant detailed consideration. This
investigation has been carried out to acquire further information on
the mechanism of blood pressure regulation during spinal anesthesia
in the light of these theories.

According to Henderson (8) the intramuscular pressure is a meas-
ure of skeletal muscle tone which supports the capillary wall and
maintains the ‘‘venopressor mechanism’’ aiding the venous return to
the heart. Henderson claims that a primary loss of muscle tone with
subsequent stagnation in the postarteriolar bed of the lower part of
the body and decreased venous return is the caunse of the blood pressure
drop in spinal anesthesia. If this assumption is correct, intramuscular
pressure in the lower extremities should decrease in spinal anesthesia.
A lowered intramuscular pressure in the legs might be secondary to
hypotension, but in that case intramuscular pressure in the upper,
nonparalyzed extremities ought to decrease as well and fo the same
degree.

In a group of 11 surgical patients, therefore, we performed simul-
taneous measurements of intramuscular pressure in the biceps brachii
and gastroenemius muscles together with blood pressure readings be-
fore, during and after spinal anesthesia.

In a second group of 21 cases (including several patients of the
former series) skin temperatures in the lower and upper extremities
were measured and blood pressure recordings made before, during
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and after spinal anesthesia. This was done in order to gain additional
evidence as to the role of arteriolar tone in the regulation of blood
pressure during spinal anesthesia.

MateRIAL AND METHODS

The subjects studied were male and female patients aged from 19
1o 78 years, in whom surgical interventions, for example hernioplasty,
cystotomy, appendectomy and endoscopiec urologic procedures were
carried out under spinal anesthesia. In some instances test spinal
anesthesia was induced without any surgical interference. Preopera-
tive medication consisted of morhpine 0.01 Gm. and scopolamine
0.00025 Gm. subcutaneously half an hour hefore the anesthesia.

Spinal puncture was made in the second, third or fourth lumbar
interspace in the lateral position, procaine erystals (125 to 200 mg.)
dissolved in spinal liquid heing injected intrathecally. The patient
was placed horizontally on his hack immediately after the injection.

Measurements of pulse rate, arterial blood pressure, intramnseular
pressure in the biceps brachii and gastroenemius, and skin temperature
of hands and feet werc performed and in a few cases venous pressure
readings were taken. All the measurements were carried out in the
operating theater where the patients were allowed to acclimatize at
least halt an hour previously with uncovered extremities. Basic values
were obtained by repeated measurements hefore spinal puncture was
done. After injection of the spinal anesthetic agent, readings were
taken at frequent intervals (three to five minutes) and continued until
the effect of the anesthetic disappeared. An interval of fifteen to
twenty minutes was allowed to elapse between the induction of spinal
anesthesia and the beginning of operation. No additional medication
was given during the period of observation exeept for oxygen inhala-
tion in some cases. The upper limit of skin anesthesia, as determined
by pin prick, was assumed to give the highest level reached by the
spinal anesthesia. The segmental distribution was recorded according
to the following scheme: umbilicus, eleventh thoracic; costal arch (mid-
clavieular line), ninth thoracic; xiphoid process, sixth thoracic; nipples,
fourth thoracie, and clavicle, second thoracic.

Intramuscular pressure was measured with the apparatus of Gun-
ther and Henstell (27). Normal values of intramuscular pressure were
obtained by us in a series of healthy individuals and found to range
from 60 to 100 mm. of water in the biceps brachii and 70 to 110 mm. of
water in the gastrocnemius (28). The lower of two readings differing
not more than 5 mm. was recorded as the intramuscular pressure
(IM.P.)

Skin temperature was measured with thermocouples at fingers,
wrist, toes and ankle. The findings for fingers and toes were recorded
as the mean temperatures obtained at the nailfolds and tips.
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Venous pressure was recorded continuously by the direct method of
Moritz and Tabora (29).

ResuLTs

The results of our observations on intramuscular pressure during
spinal anesthesia in 11 cases are given in table 1.

Comment on table 1.—The pulse rate and blood pressure recordings
during spinal anesthesia relate to the lowest values observed. The
intramuscular pressure is given as the range between lowest and high-
est values found.

In Cases 1, 2, 4, 7, 9 and 10, blood loss during operation was negli-
gible. In the prostatic resections (Cases 3, 5, 6, 8 and 11) operation
in no case exceeded thirty-five minutes. The blood loss was slight ex-
cept in Case 11 in which after twenty-five minutes of operation a major
hemorrhage occurred; the values obtained thereafter are not included
in this table.

In 7 cases (1,2, 4, 5, 7, 9 and 10) systolic as well as diastolic blood
pressure levels dropped markedly during the course of the anesthesia.-
In these cases the anesthetic reached levels of the sixth to the fourth
thoracic segments. In only two of these cases did the pulse rate drop
significantly. -

In four cases (3, 6, 8, 11) blood pressure fall was not prominent; the
anesthesia attained levels of the eleventh to ninth thoracic segments.
The pulse rate dropped only in one of these cases (11).

The intramuscular pressure in the gastrocnemius, that is in the
area of motor paralysis, did not drop significantly in any case. In
(‘ases 5 and 9 the drop recorded amounted only to 10 to 15 mm. of
water and even the lowest values observed during anesthesia were well
within the normal range. In Case 8 there was even an increase of
20 mm.

The intramuscular pressure in the biceps brachii showed no sig-
nificant drop in 7 cases (1, 3, 5, 6, 7, 8, 11) whereas in 3 cases (2, 9, 10)
a decline of 15 to 25 mm. of water was observed. In Case 4 a rise of
35 mm. of water was noted.

Interpretation—No correlation could be demonstrated between
blood pressure fall and intramuscular pressure in the gastrocnemiuns
during spinal anesthesia.

The fact that the intramuscular pressure in the paralyzed lower ex-
tremities did not decrease may be explained in two ways. First, if
according to Henderson (8) intramuseular pressure is a measure of
skeletal musele tone, then the latter seems not to be decreased in spinal
anesthesia. In that case the hypotension of spinal anesthesia ecannot,
of course, be owing to a lowered skeletal muscle tone. Second, accord-
ing to Wells et al. (30) the skeletal muscle together with its fascia has
the hemodynamic properties of a closed, relatively inelastic space.
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264 H. Miwipsky AND A. DE VERIES

Thus, muscle tone may be actually decreased but normal values for
intramuscular pressure might nevertheless be obtained owing fo vaso-
dilatation of muscular blood vessels caused by subarachnoid sympa-
thetic block. If this is the case, a lowered muscle tone can play only
a secondary role in bringing about hypotension during spinal anes-
thesia.

Tn table 2 our observations on skin temperature in the lower and
upper extremities together with blood pressure readings, and so forth
are recorded in 21 cases of spinal anesthesia.

Comment on table 2—Blood pressure, pulse rate and skin tem-
perature readings given in this table refer to the time at which the
recorded level was reached by the anesthetic agent. Blood loss was
absent or negligible in Cases 1, 3, 5, 6, 8, 9, 10, 11, 13, 14, 15, 16, 17, 18,
20, 21. In the prostatic resections (Cases 2, 4, 7, 19) blood loss was
slight. Only in Case 12 (identical with Case 11 of table 1) did a major
hemorrhage occur after twenty-five minutes of operation, but the
values obtained thereafter are not included. In Cases 5, 10 and 14
test spinal anesthesia was given without further surgical intervention.

The initial blood pressure values in all cases but one were within
the normal range considering the age of the patients. Only Case 12
showed a moderate systolic hypertension.

According to the behavior of their blood pressure during spinal an-
esthesia the cases recorded in table 2 may be subdivided into cases
with moderate and cases with marked drop in blood pressure readings.

The first group comprises 11 eases (2, 4, 3, 7, 10, 12, 15, 16, 18, 19, 21).
Tn all of them the blood pressure showed an insignificant or moderate
decline, hypotensive levels not being reached. All these cases pre-
sented a rise of skin temperature in the lower extremities except Case
19 in which motor paralysis did not occur. This patient had a severe
deformity of the lumbar spine and we presume that, owing to this and
the low site of injection, the anterior roots were not affected by the
anesthetic agent. Among the 10 cases with moderate drop in the blood
pressure level and rise of skin temperature in the legs, a decline in skin
temperature of the hands was observed in 8 cases (2, 4, 5, 7, 10, 12, 15,
21). The highest levels reached by the anesthesia in these cases were
from the first lumbar to the ninth thoracic segments. In Case 17 the
anesthesia reached the eleventh thoracic segment and the skin tempera-
ture of the fingers remained nnchanged. In Case 18 the skin tempera-
ture of the hands increased, the highest level attained by the anesthesia
being the fourth thoracic segment. In this ease marked tachycardia
occurred during spinal anesthesia in contradistinetion to all other cases
of this group in which the pulse rate cither did not change or decreased.
The tachycardia may have heen compensatory and probably prevented
the appearance of hypotension in this case.
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The second group consisted of 10 cases (1, 3, 6, 8, 9, 11, 13, 14, 17,
20). In these the drop of systolic blood pressure ranged from 30 to 75
mm., and that of diastolic pressure from 20 to 50 mm. of mercury.
Hypotensive levels were reached in all these cases, the lowest being
65 mm. systolic and 25 mm. diastolic. The typical rise of skin tem-
perature in the legs was observed in all 10 cases. In 8, a rise in skin
temperature of the hands occurred. Only in Cases 9 and 20 did the
skin temperature of the fingers not increase. The levels of anesthesia
reached in 9 cases of this group were the second to the fourth thoracic
segments. Only in Case 9 was the ninth thoracic the upper limit of
the anesthesia. In this case no rise in skin temperature of the hands
was recorded and the lowest blood pressure observed was 95 mm.
systolic and 65 mm. diastolic.

The pulse rate did not change significantly in 4 and dropped mod-
erately in 6 cases.

Interpretation—The above findings show a definite correlation
between the degree of blood pressure drop and the upper level reached
by the spinal anesthetic agent.

In none of the cases in which only a moderate decline in blood pres-
sure occurred was the level attained by the anesthesia higher than the
ninth thoracic segment.

On the other hand, in 9 of the 10 cases with marked drop in blood
pressure, the levels reached by the anesthetic agent were between the
second to the fourth thoracic segments.

It being understood that a rise in skin temperature indicates vaso-
dilatation ard a drop, vasoconstriction, our thermometric recordings
(see table 2) reveal vasodilatation in the upper extremities in the
majority of cases with marked blood pressure drop, whereas most of
the cases with moderate decline in blood pressure show vasoconstrie-
tion in the upper extremities.

Vasoconstriction in the hands occurred only in those patients in
whom the upper limit of anesthesia did not exceed the ninth thoracjc,
while vasodilatation was observed in all cases in which the anesthesia
levels reached the fourth to the second thoracic segments. The vaso-
constriction in the upper extremities indicates vasoconstriction in that
part of the body not affected by the anesthetic. This appears to com-
pensate for the vasodilatation in the anesthetized area.

The preganglionic sympathetic vasoconstrictor fibers for the up-
per extremities leave the spinal cord by way of the anterior roots of the
fourth to eighth thoracic (according to Krieg (31) or by way of the
third to seventh thoracic (according to Best and Taylor (32)). It is
fair to assume that the highest anterior roots affected by the spinal
anesthetic agent correspond to the highest posterior roots blocked as
determined by the upper limit of cutaneous pin prick anesthesia.

We infer that the vasodilatation in the upper extremities observed
in the hypotensive group is the result of a blocking by the spinal anes-
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thetic of the sympathetic vasoconstrictor fibers in the anterior roots of
the fourth to eighth thoracic. It appears, therefore, that the degree
of blood pressure drop depends upon the upper level attained by the
spinal anesthesia. The upper level of anesthesia divides an area of
vasodilatation below from an area of vasoconstriction above. The re-
lation between these two areas decisively influences regulation of blood
pressure during spinal anesthesia. If the anesthetic reaches higher
thoracie levels, the ratio is in favor of the area of vasodilatation, and
hypotension ensues. If the anesthetic remains at lower levels, a suffi-
cient number of unblocked roots capable of transmitting compensatory
vasoconstrictor impulses are left to prevent a major drop in arterial
blood pressure.

The following charts demonstrate this principle.

Chart 1 (representing Case 11 of table 2) - _naracteristic of the
hypotensive group. The anesthetic reached the level of the second
thoracic segment, and marked blood pressure fall coincided with vaso-
dilatation in the lower and upper extremities.

Chart 2 (representing Case 15 of table 2) is typical of the group
with moderate decline in blood pressure. The highest level of anes-
thesia was the ninth thoracic segment, and no major drop of blood
pressure occurred sinee vasoconstriction in the upper extremities com-
pensated for the vasodilatation in the lower extremities.

The sympathetic control of vasodilator and constrictor impulses in
spinal anesthesia was clearly demonstrated by 2 cases in which test
spinal anesthesia was induced several months after sympathetic dener-
vation of one upper extremity. - :

Chart 3 (representing Case 5 of table 2) shows a low spinal anes-
thesia in such a case. The highest level of anesthesia being the ninth
thoracie, the blood pressure fall was moderate and coincided with
marked vasoconstriction in the right upper extremity. In the left
(sympathectomized) upper extremity, unchanged skin temperatures
were recorded during the entire period of observation.

Chart 4 (representing Case 14 of table 2) shows a high spinal an-
esthesia in a patient with left cervicothoracic sympathectomy. As long
as the anesthesia remained at levels between the eleventh and ninth
thoracic segments, a moderate decline of blood pressure occurred, to-
gether with vasoconstriction in the right upper extremity. With the
anesthesia rising to the second thoracie, marked hypotension coincided
with extreme vasodilatation in the right upper extremity. The left
(sympathectomized) upper extremity did not show significant changes
in skin temperature throughout the course of anesthesia.

DiscussioN

Among the theories advanced to explain the h'ypotension of spinal
anesthesia, only two are supported by present-day investigators, i.e. the
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theory of stagnation in the postarteriolar bed (8, 9, 10) and the theory
of arteriolar dilatation (13, 14, 15, 16, 17, 18, 19).

Tn favor of postarteriolar stagnation are certain hemodynamic
findings obtained during spinal anesthesia. The hemodynamic features
of postarteriolar stagnation are a decrease in venous return and venous
pressure, a deerease in pulse pressure, an increase in arteriovenous
oxygen difference and & fall in cardiac output preceding the drop in
blood pressure.

A diminished cardiac output during spinal anesthesia was observed
in man as well as in rabbits (14), in dogs (7, 17) and in surgical patients
(33). The cardiac ouput decreased, however, only in those patients
in whom the diastolic pressure dropped markedly (14). It is empha-
sized that if there is a decrease in cardiac output this is always pre-
ceded by a drop in arterial blood pressure (14, 17, 34, 35). To our
knowledge no case of spinal anesthesia is on record in which a dimin-
ished cardiac output coincided with an unchanged diastolic blood pres-
sure.

A considerable fall of systolic blood pressure with only insignificant
changes in diastolic pressure during spinal anesthesia is reported by
Neumann et al. (19). This is, however, at variance with the findings
of Koster et al. (21), Goldfarb et al. (33), Seevers and Waters (7) and
Schneider (14), which show a significant drop in diastolic as well as in
systolic pressure. Our own ohservations are in accordance with those
of these authors.

A decrease in venous pressure has been observed in surgical pa-
tients under spinal anesthesia (33), coinciding with arterial blood pres-
sure drop (36). The reports on the behavior of venous pressure during
spinal anesthesia, however, are by no means uniform, some authors
recording inconsistent changes (14), others normal levels (37). Even
an increase in venous pressure has been found to accompany the hypo-
tension of spinal anesthesia (7). According to our observations on 4
patients on whom minor surgical procedures were performed under
spinal anesthesia, only a slight decrease in venous pressure occurred.
In all of them a considerable drop in arterial blood pressure preceded
the venous pressure changes.

The arteriovenous oxygen difference was found by some aunthors
(14, 38, 40) to be increased during spinal anesthesia, and by others
(41) to be decreased.

On the strength of some of these data it must be admitted that post-
arteriolar stagnation may be present in spinal anesthesia. Two mech-
anisms may be imagined to bring about stasis in the postarteriolar bed
during spinal anesthesia: firstly, paralysis of postarteriolar constrictor
fibers in the white rami; secondly, a loss of skeletal muscle tone owing
to paralysis of motor fibers in the anterior roots. It would be illogical
to assume that a selective block of venocapillary constrictors would
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occur as a result of paralysis of white rami without at the same time
affecting the arteriolar vasomotor nerves.

A loss of skeletal muscle tone has been postulated to be the cause
of venocapillary stasis (8), and the consequently decreased venous re-
turn is assumed to he the main factor in producing hypotension during
spinal anesthesia (8, 9). Henderson (8) bases this claim on experi-
mental findings of Schuberth (14) and Schneider (15), who reported
diminished cardiac output and venous pressure during spinal anes-
thesia. It is, however, overlooked by Henderson that cardiac output
decreased only in cases with marked drop of diastolic blood pressure
(14) and that hypotension always occurred prior to the drop in cardiac
output (14, 17, 34, 35). Thus, the latter can hardly be the cause of the
former. Furthermore, postmortem studies on animals that died in
shock from spinal anesthesia failed to show eapillary congestion in the
skeletal muscles (14). Schuberth (14) is, therefore, not of the opinion
that venocapillary stasis is the principal cause of blood pressure fall
in spinal anesthesia. A similar view is taken by Schneider (15) who
considers reduced muscle tone only an additional factor in bringing
about hypotension during spinal anesthesia.

Sarnoff and Arrowood (42) recently succeeded in producing *“dif-
ferential spinal block’’ by intrathecal injection of low concentrations
of procaine, capable of blocking only autonomous nerves bat leaving the
motor roots unaffected. Since arterial blood pressure fell to the same
extent in cases of differential spinal block and regular spinal anesthesia,
the authors convincingly conclude that muscular flaceidity cannot be
held responsible for the blood pressure drop during spinal anesthesia.

Our own observations on 11 patients under spinal anesthesia (see
table 1), the majority of whom developed marked hypotension, failed to
reveal any significant decrease of intramuscular pressure in the para-
lyzed lower extremities. It can thus be concluded that a decreased
skeletal muscle tone cannot be the main cause of blood pressare fall in
spinal anesthesia.

The majority of investigators (13, 14, 15, 16, 17, 18, 19) consider the
chief cause of hypotension in spinal anesthesia to be arteriolar dialata-
tion owing to vasoconstrictor paralysis. The principal hemodynamic
feature of arteriolar dilatation is a decrease in peripheral resistance.
This is characterized by a greater fall of diastolic than of systolic bloed
pressure, while cardiac output and venous pressure need not decline
at all. Harrison (35) stresses that in primary arteriolar dilatation the
blood pressure drop always precedes any decrease in cardiac outpnt.
The arteriovenous oxygen difference may remain normal.

Burch and Harrison (17), working on dogs under spinal anesthesia,
found that when the blood pressure drop was slight, cardiac output
remained normal. A greater decline in arterial blood pressure was
usually followed by a moderate decrease in cardiac output. Only in
cases with extreme drop in blood pressure was a considerable fall of
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cardiac output recorded. They further investigated arteriolar tone
in dogs under spinal anesthesia with the reversed perfusion method
(18) and observed an increased perfusion rate of 20 to 200 per cent
indicating arteriolar dilatation. They point out that in spinal anes-
thesia the initial change is arteriolar dilatation and that venous return
and cardiac output are only secondarily affected. The important ob-
servation that, in spinal anesthesia, the blood pressure fall always
precedes any decrease in cardiac output has been corroborated by sev-
eral authors (14, 17, 34, 35).

Bradshaw (43) induced spinal anesthesia in normal and sympathec-
tomized cats. In the normal eats the blood pressure level fell consider-
ably while in the sympathectomized animals the initial level remained
unchanged. The conclusion is drawn therefrom that vasomotor para-
lysis is responsible for the blood pressure drop in spinal anesthesia.

Neumann and co-workers (19), working with the Turner plethysmo-
graph, reported an increased blood flow in the toes of patients under
spinal anesthesia, indicating arteriolar dilatation. They hold the
arteriolar dilatation observed in the toes to be representative of ar-
teriolar dilatation in the entire anesthetized area.

A constant finding in spinal anesthesia is a definite rise of skin
temperature in the lower extremities, indicating release of vasocon-
strictor tone owing to sympathetic block (33, 44).

Some workers aseribed the main role in producing hypotension
during spinal anesthesia to vasodilatation in the splanchnic area (11,
12). They noted that a significant drop in blood pressure occurred
only when the anesthetic reached the thoracic portion of the spinal
canal (11), and assumed that splanchnic paralysis was the cause. A
five-fold increase in the size of the spleen was found in experimental
spinal anesthesia (39).

Ferguson and North (13), however, observed that section of hoth
splanchnic nerves in dogs resulted in only minor changes in blood
pressure. Induction of spinal anesthesia into these splanchnotomized
dogs produced the same profound decline in blood pressure as in healthy
animals. According to these aunthors, the splanchnic nerves exercise
only a minor influence on the maintenance of the general blood pressure
level.

Sarnoff and Arrowood (42) reported that in ‘‘differential spinal
block,”” affecting only sympathetic fibers, arterial blood pressure drops
to the same extent as in regular spinal anesthesia. The degree of blood
pressure fall was dependent upon the extent of the area of skin tempera-
ture rise on the body surface. They concluded from these observations
that the hypotension of spinal anesthesia is the result of sympathetic
paralysis and the resulting vascular dilatation.

Sufficient evidence has been assembled above to warrant the con-
clusion that arteriolar dilatation is the principal cause of blood pres-
sure fall in spinal anesthesia.
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‘Why does the bloed pressure drop considerably in some cases while
in others no significant change oceurs? According to Ferguson and
North (13) the degree of blood pressure decline is dependent upon the
level attained by the anesthesia, a significant drop ocenrring especially
if middle and higher thoracic segments are reached. They stated that
the degree of blood pressure drop is in direct ratio to the namber of
white rami anesthetized, determining the area of lowered peripheral
resistance.

In 1932 (7) and 1936 (14) it was suggested that compensatory vaso-
constriction in parts of the body unaffected by the anesthetic might
play a part in the maintenance of normal blood pressure levels in spinal
anesthesia. Actual proof that compensatory vasoconstriction may oc-
cur in the upper part of the body was given in 1945 by Neumann et al.
(19). Working with the Turner plethysmograph in men under spinal
anesthesia, they observed that in those cases in which no fall in blood
pressure occurred, the vasodilatation in the toes was accompanied by
persistent vasoconstriction in the fingers. This they interpret as a
compensatory measure in support of the circulation. When this com-
pensatory vasoconstriction did not oceur, hypotension ensued. The
authors stated that no explanation can be given at present why this
physiologic circulatory adjustment takes place in a certain namber of
cases and does not in others.

Our observations on skin temperature changes in 21 cases of spinal
anesthesia (see table 2) are in accord with the findings of Neumann and
co-workers (19). We could further substantiate the claim that the level
attained by the anesthesia determines the degree of blood pressure
drop (13).

The question why compensatory vasoconstriction occurs in some
cases and not in others (19) can now be answered. Compensatory
vasoconstriction in the upper extremities can take place only if their
sympathetic vasoconstrictor fibers, deriving from the fourth to eighth
thoracic segments, are intact, that is if the spinal anesthetic agent re-
mains below these levels. In high spinal anesthesia affecting the upper
thoracic segments the sympathetic pathways to the upper extremities
are blocked. This precludes the possibility of compensatory vasocon-
striction and necessarily leads to vasodilatation in the upper extremi-
ties, which was actually found to be present in all our patients in whom
marked hypotension ocenrred.

Sunsmary avp CoNCLUSIONS

Intramuscular pressure in the lower and upper extremities of 11
patients under spinal anesthesia was measured to investigate the pos-
sible correlation between skeletal muscle tone and blood pressure fall
during spinal anesthesia. .

Skin temperature measurements were performed in the lower and
upper extremities of 21 patients under spinal anesthesia to ascertain
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the role of vasodilatation in producing hypotensjon and of compensa-
tory vasoconstriction in preventing it during spinal anesthesia.
The following conclusions are drawn:

Arteriolar dilatation resulting from vasoconstrictor paralysis in the
anesthetized part of the body is the principal cause of blood pressure
fall during spinal anesthesia.

Compensatory vasoconstriction occurs in the area not under the
effect of the anesthetic agent.

The ratio between the area of vasodilatation and that of compen-
satory vasoconstriction determines the degree of blood pressure drop
in spinal anesthesia. In high spinal anesthesia the majority of vaso-
constrictor fibers, including those supplying the upper extremities
(fourth to eighth thoracic), are blocked, and hypotension ensues. In
low spinal anesthesia a sufficient number of vasoconstrictor fibers are
left intact to prevent a major drop in blood pressure.
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