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That small blood vessels may react by constric-
tion is well recognized. It is probable, in addition
to smooth muscle, that there are other contractile
elements. The sympathetic nervous system is
generally regarded as playing a prominent role in
their function. In certain states of disease and
stress, the effect of this control is manifest in
blanching, cyanosis, and coldness, or the reverse
of these. Previous studies (1 to 3) have shown
that small blood vessels undergo a continuous.
series of changes in size even in the resting sub-
ject. It is the object of this paper to describe the
effect of applying sudden stimuli which disturb
this resting state.

Although it would be possible, using figures for
the chronaxie of the blood vessels in isolated
strips of animal tissue (4 to 6), to estimate that
of human blood vessels, this information, however
valuable, is not necessarily applicable to the situa-
tion in intact human subjects. It became desir-
able, therefore, to adapt an older method, capable
of yielding information which could be used to
characterize the responses in man. Fano (quoted
by Luciani (7)), many years ago, described the
details of a method which made possible the meas-
urement of changes in size of anatomical parts
when various stimuli were applied at remote
points. But Fano's apparatus was not sensitive
to small changes. His results were disturbed,
furthermore, by the inclusion of large arteries and
veins in his plethysmographic chambers. In the
present studies, the small blood vessels are of
prime interest, making it desirable to choose the
tips of fingers and toes. But even these parts
contain arterioles, venules, capillaries, and arterio-
venous communications, so that any result must
be interpreted as representing the combined effect

1 This is the 9th paper reporting the results of studies
of the small blood vessels and related subjects.

2Commonwealth Fund Fellow.

of the activity of many structures. In addition, it
must be remembered that the pathway from the
point of reception of a stimulus to the blood ves-
sels involves many interconnecting structures, in-
cluding the receptors, sensory nerves, synapses, the
pathways within the central and autonomic nerv-
ous system, and neuromuscular junctions. Meas-
urements in intact subjects give information con-
cerning the time taken by the blood vessels to
react only when the time required to traverse these
complex pathways is taken into account. In point
of fact, it is only in the post-ganglionic fibers of
the sympathetic system that an interval of im-
portance relative to the time of reaction of blood
vessels is to be expected.

It is unknown what role the reactivity of small
blood vessels to sensory stimulation plays in ar-
terial hypertension. The cold pressor test (8) was
developed to distinguish between individuals whose
blood vessels are unusually reactive and who are
potentially hypertensive and those whose blood
vessels react in a normal fashion. An effort has
now been made to characterize further the blood
vessels of hypertensive individuals by obtaining
data, not only on the degree of reaction, but also
covering the time of reaction. For contrast, a
group of senile subjects has been studied.

METHOD

The apparatus employed in these observations was es-
sentially that previously described (3). It was modified
for special purposes, as will be described later. It records
simultaneously the changes in volume of the tips of the
right index finger and the right second toe with a sensi-
tive pneumoplethysmograph (9). The subjects rested in
bed in an air-conditioned room (temperature 75° F. -+ 1;
relative humidity less than 50 per cent) at least 30 minutes
before recording was started. In an early period of this
study, the subjects rested in a room containing the ap-
paratus as well as other laboratory equipment. Later,
because of psychic disturbances produced by this un-
familiar environment, the examining room was redec-
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FIG. 1. A SCHEMATICDRAWINGSHOWINGTHE AVERAGETYPE OF REACTION IN THE FINGER
TIPS OF ALL SUBJECTS

The units of time and volume and the rate of vasoconstriction are the mean values obtained.

orated to resemble a bedroom (10). Its walls were made
sound proof. After plethysmographic cups were sealed in
place, the tips of the fingers and toes were adjusted to
the level of the subject's heart. The physician then de-
parted. Evidence that subjects were "relaxed" appeared
in the increase in volume of the pulse and alpha waves (3).

Once a subject reached a state of maximum relaxation,
stimuli were applied and the reactions of the blood ves-
sels, evidenced by changes in volume, were recorded.
When stimuli were applied in order to measure the re-
action time, the speed of the photographic paper was
about 4 to 6 cm. per second. Between stimuli, the paper
ran at a rate of 8 cm. per minute. The time of applica-
tion of each form of stimulus was registered on the
photographic record by a light beam, activated by a
magnet. In each case, the act of applying the stimulus
closed a circuit of which the magnet was a part.

The stimuli employed were light, sound, heat, cold, pin-
prick, and electric shock. Light, as a stimulus, was sup-
plied for one second by a 500-watt photoflood lamp.
Sound was made by ringing a telephone bell, 0.4 second,
3 feet from the subject. A sudden loud sound was pro-
duced by firing a cap-pistol about 3 feet away. Heat
and cold were applied by touching the subject's arm on
the external surface just above the left elbow with a
metal plate (11 sq. cm. in area) at 500 C. and 30 C. re-
spectively. Pain was produced by a pin-prick of uniform
force on the external surface of the arm, just above the
left elbow. Electric stimulation was supplied by dis-
charging a condensor (4.5 microfarads) at the same
point. Contact between the electrodes and the subject's
skin was made with a sodium chloride jelly, the re-
sistance being adjusted to about 5000 ohms.

Subjects were not warned that they were to be tested
for their reaction to certain stimuli. In the case of light
and the bell, they were left alone. In the use of other
stimuli, to avoid complicated apparatus, it was necessary
that an observer enter the room. He erected a curtain
between the subject and himself. The subjects did not
know the order in which stimuli would be- selected nor
the time of their application.

Subjects were regarded as being relaxed when, after
a reasonable period, their pulse and alpha waves had
attained maximum proportions. Response to stimuli was
documented by decrease in size of these waves. Re-

covery was known to have taken place on return of the
waves to their original volumes.

The reaction time to a stimulus was the time taken for
a change in volume to begin (Figure 1). To study
changes in volume, only the finger tips were measured.
The measurements made were: (1) the initial volume of
the pulse wave, (2) the volume of the pulse wave at its
minimum, (3) the maximum change in "alpha" waves,8
(4) the time required for the "alpha" wave to reach a
minimum, (5) the time required for the "alpha" wave to
return to the original volume, and (6) the phase of the
"alpha" wave when the stimulus was applied.

The reaction was identified as beginning at the inter-
section of a line joining the foot points of the last few
pulse waves before the onset of vasoconstriction (de-
crease in size of the waves), with another joining those
just afterward. The study of a pulsating model sug-
gested that this point was located with an error no
greater than 0.05 second.

The subjects chosen for investigation included 17 nor-
mal individuals (12 males and 5 females), varying in
age from 11 to 43 years, 12 hypertensive patients (6
males and 6 females), varying in age from 14 to 54
years, and 11 male senile subjects, varying in age from
70 to 85 years. All of the subjects were free from renal
or cardiac failure. Each subject was studied at least
twice and some as often as 12 times.

RESULTS

The mean time of reaction of the finger tips of
the normal subjects in 178 responses was 3.12 ±
0.02 seconds, with a standard deviation of 0.33 ±
0.01 second and a coefficient of variation ot
10.6 + 0.04 per cent, and that of the toes in only
63 responses of many trials, 3.42 + 0.04 seconds
with a standard deviation of 0.49 + 0.03 second
and a coefficient of variation of 14.4 ± 0.9 per
cent. The means of the two (fingers and toes)
were significantly different (3.12 as against 3.42
seconds). Although the toe usually reacted after

8 The reason for the use of quotation marks about the
alpha will be explained later.

656



REACTIVITY OF BLOODVESSELS TO SENSORYSTIMULI

the finger, in rare instances the order was re-

versed. The mean reaction times for each stimu-
lus in the finger tip were: bell, 3.33 seconds; light,
3.26; sound, 3.07; cold, 3.07; heat, 3.04; pin-
prick, 2.95; and shock 2.86 (Table I).

The mean time of reaction of the vessels of the
tips of the right index finger of patients with hy-
pertension, in 159 responses, was 2.94 + 0.03 sec-

onds, with a standard deviation of 0.50 + 0.02
second and a coefficient of variation of 17.0 + 0.7
per cent; and of the tips of the right second toe,
in 56 responses, the mean reaction time was

3.24 0.04 seconds, with a standard deviation of
0.50 0.03 second and a coefficient of variation
of 15.4 + 1.1 per cent (Table II). The means of
the reaction times of the fingers and toes differed
by 0.30 second. This was found to be statistically
significant. The mean reaction times for each
stimulus in the finger tips were: light, 3.39; sound,
3.00; bell, 2.92; heat, 2.91; cold, 2.89; and pin-
prick, 2.81 seconds. These mean values cannot
be considered significantly different because of the
limited number of reactions to each stimulus. In

the toe tips, the mean reaction times for each kind
of stimulus showed similar variations.

The mean reaction time in the tips of the right
index finger of the senile subjects, in 80 responses,

was 3.86 0.04 seconds, with a standard devi-
ation of 0.58 + 0.03 second and a coefficient of
variation of 14.9 + 0.8 per cent; and in the tips of
the right second toe, in 28 responses, it was

4.25 + 0.07 seconds, with a standard deviation of
0.54 + 0.03 second and a coefficient of variation
of 12.7 + 1.2 per cent (Table III). The mean
reaction time in the toes was 0.39 second longer
than that of the fingers, a difference which is sta-
tistically significant. The mean reaction times for
each kind of stimulus in the finger were: heat,
4.16; light, 4.14; pistol shot, 4.06; pin-prick, 3.92;
cold, 3.92; and bell, 3.58 seconds. The number of
reaction times for each kind of stimulus was so

small as to make it impossible to be certain that
any of these differences was significant. The var-

iations of the mean values for each kind of stimu-
lus in the toes were of the same order (Table III).

The total number of satisfactory responses ob-

TABLE I

Mean values of various phases of the vascular response in the tips of the right index finger and right second toe
in 17 normal resting subjects

Finger tips Toe tips

Volume Time
Vofule wve MI Tm Te requiredStimulus Number VOlf pulse 6man Time Tequired Timpart recovry Number Meanof reac- wave when in mulmereqie reuie orecp Rt ato of reac- ratovolum eatorreach Rfof reactionre

tions to before finger of pulse decreae fo pear for pa minimum time16 tions to timestimulus stimula- readied wavein8 volum to reac to 3and retu9 p
tion minimum of part minimum volume to originale stmuu

volume volume

C. MM. C. MM. C. MM.
Per 5 cc. per 5 c. per cent per 5 c. seconds seconds seconds seconds seconds seconds
Of part of part of part

Light ...... 24 7.7 5.4 30 31.5 10.6 28.2 38.1 3.26 34.0 7 3.42
Pin-pck . 31 8.5 5.2 39 35.1 8.7 27.2 35.8 2.95 25.3 19 3.18
Pistol shot.S28 8.3 4.8 42 30.7 10.2 24.5 36.8 3.07 34.91s5 3.76
Cold..... 33 7.6 5.1 33 29.8 9.2 18.0 26.1 3.07 22.8 10 3.56
Heat .......e249.2 5.6 39 35.1 10.2 18.4 28.0 3.04 28.2 5 2.86
Bell ..... 29 9.0 6.2 3 1 29.8 11.1 22.7 27.5 3.33 24.0
Shock .... 10 7.8 5.0 36 34.7 12.9 33.7 43.1 2.89 34.5 7 3.19

Mean. 8.3 5.3 36 32.1 10.0 23.3 32.4 3.10 28.1 3.38

Statistical studies of the data:
Finger tips:

Reaction time: Mean = 3.12 4 0.02 seconds
Standard deviation = 0.33 - 0.01 second

Coefficient of variation = 10.6 4 0.4 per cent
Toe tips:

Reaction time: Mean = 3.43 4- 0.04 seconds
Standard deviation = 0.49 4- 0.03 second

Coefficient of variation - 14.4 :1: 0.87 per cent
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TABLE II

Mean values of various phases of the vascular response in the right index finger and right second toe tips of 12
resting patients with hypertension

Finger tips Toe tips

Volume Time
Volume of pulse Max- Time Time required Time for Number meanStimulus Number Of pulse wave Decrease

mm rqierquedfor part rcvrof reac- wave when in volume dcmum frequired frequired to reach Reaction ofte of reac- ratotions to before finger of vunise decreae fo rearhto frepart minimum time pulse tin o time
stimuusatmula-reachd w

in vlmtorahoreanand return stimulussiuustimula reahed wav of part minimum volume to original wave
volume volume

C. mm. c. mm. c. mm.
per 5 cc. per 5 cc. per cnt per cc. secoxds seconds seconds secoxds seconds secoxds
of part of part of part

Light....... 17 8.6 5.2 40 28.3 8.9 14.9 24.0 3.39 28.1 6 3.53
Pin-prick. .. 26 6.4 3.5 45- 23.0 8.6 16.5 26.0 2.81 22.8 6 2.77
Pistol shot. . 17 8.4 4.9 42 26.7 8.4 22.2 30.6 3.00 21.1 6 3.07
Cold ...... 34 6.4 3.9 39 24.7 9.5 18.2 27.4 2.89 26.0 12 3.26
Heat ....... 34 7.6 4.6 39 29.7 9.1 19.7 28.9 2.91 29.1 15 3.33
Bell ....... 31 8.1 4.7 42 26.7 8.3 17.5 25.4 2.78 23.2 11 3.33

Mean. 7.4 4.4 41 26.4 8.85 18.2 27.2 2.92 25.6 3.25

Statistical study of reaction time
Finger tips: Total number of reaction times = 159

Mean = 2.94 4 0.03 seconds
Standard deviation = 0.50 : 0.02 second

Coefficient of variation = 17.0 4 0.7 per cent
Toe tips: Total number of reaction times = 56

Mean = 3.24 4: 0.04 seconds
Standard deviation = 0.50 4 0.03 second

Coefficient of variation = 15.4 4 1.1 per cent

TABLE III

Mean vaues of various phases of the vascular response in the right index finger and right second toe
tips of 11 resting senile subjects

Finger tips Toe tips

Volume Time
Volume ofpulsrTStimulus Number of pulse wave Decrease Mai Time TimreuiredTimeeforpartrecveMof reac- wave when in volume mumcrease uo oredar to reach Reaction reoverye of reac. a

tions to before finger of pul decraefrpr part atMinimum time ofte tions to reaction
stimulus stimula- reached wave uto ra to r return pus stimulus t

tion minimum Of patminium volume to original wave
volume volume

C. mm. C. MM. C. MM.
per 5 cc. per 5 cc. per cent per 5 cc. se-conds seconds seconds seconds seconds seconds
of Part of Pare Of part

Light..... 3 11.4 9.8 14 29.4 11.2 23.1 34.4 4.14 34.4 2 4.67
Pin-prick.. 8 9.4 6.8 28 12.6 9.1 15.0 24.5 3.92 31.8 1 4.46
Pistol shot. 6 9.7 7.4 24 25.0 11.8 25.0 36.3 4.06 42.7 4 4.09
Cold..... 28 9.3 6.7 28 22.2 13.0 20.1 32.2 3.72 29.0 10 3.85
Heat ...... 17 8.1 6.0 26 19.9 11.4 19.2 33.8 4.16 30.5 5 4.59
Bell ........ 18 10.5 7.2 31 30.0 12.5 33.6 46.2 3.58 37.8 6 4.50

Mean . 9.4 6.9 27 22.8 |1.9 22.1 34.7 3.84 33.4 4.23

Statistical study of the reaction time
Finger tips: Total number of reaction times = 80

Mean = 3.86 4 0.04 seconds
Standard deviation = 0.58 4 0.03 second

Coefficient of variation = 14.9 A 0.8 per cent
Toe tips: Total number of reaction times = 28

Mean = 4.25 4 0.07 seconds
Standard deviation = 0.54 A 0.05 second

Coefficient of variation = 12.7 A 1.2 per cent
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tained fr6m the senile and hypertensive patients
was too small to allow for the compilation of a
list showing significant differences in the times of
reaction for the various stimuli. Such an attempt
would be hazardous even in the normal group
(178 responses), not only because of the relatively
small number of responses to a single type of
stimulus, but also because of individual variation
in the sensitivity of subjects to stimuli applied di-
rectly to the skin.

Although there was much variation in time of
reaction to successive stimuli, no correlation was
established between reaction time and other fac-
tors, such as which limb of the spontaneous alpha
wave was in process of formation at the time of
the stimulus, frequency of application, and whether
the subject was anticipating the application of a
stimulus. If, as in the case of a few, subjects
were asked to press a button to release a selected
stimulus, their vessels became constricted when
the button was pressed and no responses followed
the sensory stimulus. Whenever the pulse wave
was large, the response was constriction, involv-
ing, almost without exception, decrease in volume,
both of the pulse wave and of the anatomical part
("alpha" wave). On the other hand, if a re-
action could be detected, the initial size of the
pulse wave did not seem to influence the reaction
time. When the pulse was small, no clear re-
action was evident, although occasionally it showed
a slight decrease. In a small number of subjects,
constriction of the anatomical part, as documented
by a downward deflection in the "alpha" wave,
was not accompanied by decrease in the size of
the pulse waves. "Alpha" and pulse waves may
accordingly respond independently to stimuli.
Similar independence is observable in spontaneous
variations ( 11 ).

In the finger tips, stimuli were effective in ap-
proximately 70 per cent of trials but in the toes, in
30 per cent only. The reason for this difference
and that for the failure of so many stimuli is not
known.

When reactions of the finger tip occurred at all,
whether great or small, they did so after a reason-
ably uniform interval. But the time required to
return to initial states varied widely (15 seconds
to more than 3 minutes). This statement is ap-
plicable to all varieties of stimulation employed.
For them all, the average recovery time in the

normal group was 32 seconds, the range being 26
seconds for cold and 43 seconds for shock. The
average volume of the pulse wave immediately
before the application of any one of the stimuli,
that is to say the initial volume, was 8.3 c. mm.4
On stimulation, the average minimum reached was
5.3 c. mm. (a decrease of 36 per cent), the low
point occurring after an average of 10 seconds.
The average decrease in the volume of the part,
as documented by the change in the "alpha"
waves, was 32 c. mm. The average time for the
recovery of the volume ("alpha" waves) was 23
seconds, whereas the pulse waves recovered in 28
seconds (Table I, Figure 1). This difference is
further evidence that the two can vary independ-
ently, though usually they do not do so. If, in-
stead of obtaining the average reaction time in the
fingers of many persons, many measurements were
made of a single subject, the results turn out to
be identical. In one patient, for example, the
mean reaction time was 3.08 + 0.06 seconds in 47
responses. This figure is not significantly differ-
ent from that of the entire group. The standard
deviation was 0.58 + 0.04 second and the co-
efficient of variation, 18.9 ± 1.4 per cent.

The respective mean values for the various
phases of the vascular response of the finger tips
other than reaction times in the hypertensive and
senile subjects were: the volume of the pulse
waves before application of each stimulus, 7.4 and
9.4 c. mm. per 5 cc. of part; the volume of the
pulse waves when a finger reached its minimum
volume, 4.4 and 6.9 c. mm.; the percentage of de-
crease in volume of the pulse wave, 44 and 27 per
cent; the maximum decrease in volume of the part,
26.4 and 22.8 c. mm.; time required for the part
to reach a minimum volume, 8.85 and 11.9 sec-
onds; time required for the part to regain its vol-
ume, 18.2 and 22.1 seconds; and the time for the
recovery of the volume of the pulse wave, 25.6 and
33.4 seconds.

The hypertensive subjects found it very difficult
to relax. Changing from a room resembling a
laboratory containing much apparatus and equip-
ment to a bedroom of ordinary appearance (10)
aided in bringing on relaxation. From this bed-
room, all physiological apparatus was removed.
The effect of change in the room was similar in

4Changes in volume are given for 5 c. mm. of ana-
tomical part.
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senile patients, but practically no change was
noticeable in the normal group which was re-
cruited in great part from persons familiar with
the procedures in laboratories.

Stimuli, such as bell and light, which could be
used without the presence of an observer in the
patient's room, were more frequently successful
in eliciting responses than those which were ap-
plied by an observer in the room. With such a
one present, the patients became tense and their
vessels constricted at first, though relaxation took
place after a short interval. Often it was not
complete until the observer left the room. Senile
subjects were less sensitive to this situation than
hypertensive patients. Whena stimulus was espe-
cially unpleasant to a hypertensive patient, he re-
mained apprehensive and his blood vessels re-
mained constricted for a long period of time, often
for the duration of that particular observation.
Such phenomena were less often encountered in
senile subjects than in hypertensive patients. In
fact, patients with hypertension were conspicuous
in being unable to relax and in their tendency to
be psychologically disturbed. The statements of
patients on the tenseness of their sensations and
their appearance of being ill at ease ran parallel
with the occurrence of persistent vasoconstriction.
If a reaction occurred, even if the vessels were
constricted, the reaction time was essentially the
same as when the vessels were dilated.

"Alpha" deflections documenting constriction
of a part in response to stimuli differed from the
alpha waves during spontaneous variations (3)
in at least five ways: (1) After stimulation, vaso-
constriction occurred more abruptly than during
spontaneous variation. (2) After repeated stimu-
lations at close intervals, the resulting downward
deflections were more persistent than in the case
of a series of spontaneous variations. (3) After
stimulation, upward deflections did not occur.
(4) In random samples of records of spontaneous
variations taken for brief periods (3 seconds),
downward deflections were rare. After stimula-
tion, they occurred frequently in the fingers (65
to 70 per cent) and less frequently in the toes (30
per cent). (5) During periods of spontaneous
variation, simultaneous, exactly synchronous
downward deflections in both (right and left)
fingers and toes were rare, though they were often

concordant. After stimulation, abrupt simultane-
ous downward deflections were the rule.

When there was reaction to stimulation, it re-
sulted always in reduction in volume of the fingers
and toes, never in dilatation. Nor was there ever
increase in the size of the pulse waves. Reaction
to heat did not differ from that of other stimuli.
The reaction time was almost invariably the same
in right and left index fingers and in right and
left second toe tips, as has just been implied.

Two patients with hypertension were operated
on.5 Three weeks after operation, the volumes of
the pulse waves in the toes in both were larger
and those in the fingers smaller than before opera-
tion. The vessels of the toes did not react to
stimuli while those of the fingers reacted poorly.

DISCUSSION

In any study of the reactivity of the blood ves-
sels, clearly an analysis of the pathway stimuli fol-
low is important. In intact human beings, direct
measurement of the time consumed in traversing
each of the component parts of that pathway is im-
possible. There are involved, the time taken by the
reception of the stimulus, the passage of the result-
ing impulse through the central nervous system,
the effector pathway, and the local complex mech-
anisms which result in contraction of the blood
vessels. The passage of the impulse from the
point of reception and through the central nervous
system occurs rapidly. The post-ganglionic fibers
of the sympathetic nervous system, the ones most
probably concerned in the transmission to the
blood vessels, conduct impulses at varying rates
in the order of %to 1 meter per second. In order
to attempt an explanation of the delay in reaction
time in the case of the toes, different assumptions
may be entertained. If it can be assumed that the
local mechanisms involved in the contraction of
the blood vessels in the fingers and toes are alike,
the added distance impulses must travel to the toes
accounts for the delay of the order of 0.30 second.
It is possible on the other hand that the major
part of the delay is not consumed in the trans-
mission of impulses over paths of different lengths
but is due to differences in local mechanisms in

6 The operation consisted of section of the sympathetic
nerves from the 9th dorsal to the 1st lumbar, together
with excision of the celiac and aortic-renal ganglia on
both sides.
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fingers and toes. It seems likely now that the
difference in length of pathways is sufficient to ac-
count for the delay to the toes. The notion is not
yet to be excluded however that local differences,
as for example a mere matter of the number of
units of nerves or receptors, may be concerned in
the result. There is a third possibility; delay may
result from the pathway within the spinal cord
over which an impulse must pass when received
from the upper part of the body, before it reaches
that level of the cord from which it emerges to
proceed to the lower extremity. There is a final
consideration. There is ofteni detected a differ-
ence in reaction time, in multiples as great as 2.
These differences are now not understood. They
do not depend on any factors which it has been
possible to identify. That variations from subject
to subject or from time to time in the same sub-
ject are dependent on variations in the conduction
rates of the impulses through nerves is unlikely;
it is more likely due to variations in the blood
vessels. But on such problems, no definite data
have been established.

Since the method now employed measures the
constriction of the entire finger or toe tip, which
of the many types of blood vessels reacted first or
accounted for most of the constriction cannot be
known. The fact that in some subjects the re-
action resulted in a reduction in volume without
concomitant reduction in the size of the pulse
wave tends to indicate that vessels other than
arteries and arterioles also react to the stimuli.
The reaction times found in these studies were

never as great as those reported by Fano (7) who
found values as high as 7 seconds.

The range of variation in the time occupied in
reacting to a stimulus was moderately wide, but
not nearly as wide as that required to bring about
maximum constriction of a part. Many factors.
most of them unknown and beyond control, play
a part in influencing both the time aind the degree
of the total response. The importance of the im-
mediate environment has already been empha-
sized. And it has already been remarked that
subjects vary from moment to moment. When
all the causes of variation are taken into account,
the fact remains that there is great regularity in
the physiological control of blood vessels.

The question has been weighed whether im-
pulses which traverse the brain have reaction times
different from those which may pass only through
the spinal cord. The mean reaction times in the
fingers of normal subjects for light, bell, and pistol
shot were 3.26, 3.33, anid 3.07 seconids. Those for
shock, pin-prick, cold, and heat were 2.89, 2.95,
3.07, and 3.04 seconds (Table I). At first glance,
it appears that a reflex passing through the brain
experiences a delay. The fact that both pistol
shot and cold consume the same time is not easily
reconciled with this view.

The vascular responses to the stimiiuli were
widely distributed, having occurred almost simiiul-
taneously in fingers and toes on both sides. There
was, in addition, definite slowing of the heart rate
(Figure 2).

4- -'- I - !M.+1N~ iio I

Nl.KN.

Light
on-1--A i 2-l--l-|--I .w1 . e Zitl--- _--- I- g -

0 .5 3b 45 6 72 73 74 75 75 77 78 79 i D105 1+
_ D~~~~~~~~~~~~~eeonds~

FIG. 2. A REPRESENTATIVEORIGINAL RECORDOF THE TiPs OF THE RIGHT, 1, AND LEFT, 2, INDEX FINGER AND

THE RIGHT, 3, SECONDTOE
These are simultaneous records. From about the 72nd to 80th seconds, the camera speed was approximately

6 cm. per second while otherwise the speed was about 8 cm. per minute. R indicates the point at which vaso-

constriction occurred. This point was found at the intersection of a line which joined the foot points of the
last 4 pulse waves just before the volume of the part changed and another one through the first few pulse
waves just after vasostriction began. The time of reaction was measured from the point of the application
of the stimulus to the point R. Bradycardia is evident during the period of vasoconstriction.
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32 3.6
Reaction time

FIG. 3. DISTRIBUTION CURVESGIVING THE REACTION TIMES OF NORMAL, HYPERTENSIVE,
AND SENILE INDIVIDUALS

These curves overlap. The curve of the hypertensive patients is farther to the left
than that of the normal persons; that of the senile subjects, relatively farther to the
right. This curve (senile) has a wider distribution than the other two.

The degree of vasoconstriction, suddenness of
constriction, duration of constriction, time re-
quired for the constriction to reach its limit, and
the time required for recovery were not materially
different in the case of any of the stimuli used
(Table I). There was no method available ac-
cording to which normal subjects could be grouped
on the basis of any aspect of their responses.

It was noticed that some individuals were made
much more apprehensive by certain stimuli than
by others. In some subjects, the electric shock,
the pistol shot, or even heat or cold were so dis-
tressing as to prevent them from relaxing nor-
mally. The electric shock produced apprehension
most often. After the first observation, those
stimuli which produced psychic discomfort were
recognized. On the next observation, the subject
was informed at the beginning of the study that
the offending stimulus would not be employed.
Invariably it was found that relaxation then oc-
curred more quickly and completely. During
some observations, a subject would relax and
would respond to stimuli which were not disagree-
able but would, once one was found to be so from
a psychological point of view, react so that his
blood vessels contracted but would not recover
within a reasonable period of time. The vessels

remained tightly constricted, the patient became
afraid, and no further reactions of the blood ves-
sels were detected, regardless of the stimulus ap-
plied. It was found that the stimuli, the room
(10), the entrance of a strange observer, and many
other factors which are usually regarded as in-
nocuous would often disturb the patient sufficiently
to prevent satisfactory relaxation. It is impos-
sible in such a study, or in all probability in anly
other type of physiological study on the vascular
system in conscious human beings, to over-
emphasize the importance of psychological fac-
tors. Emotional or ideational stimuli, such as
result from conversations involving sex, business,
or matters of personal concern, elicited vascular
reactions similar to those described in the case of
mechanical stimuli.

The measurements demonstrate that the times
of reaction in the fingers of senile subjects and of
hypertensive patients are reasonably close to those
of normal persons (3.12), but that those of the
senile ones are longer (3.86), and those of the
hypertensive ones, shorter (2.94) (Figure 3).
The difference, 0.18 second, between normal per-
sons and patients with hypertension is statistically
significant. It should not be over-emphasized,
nevertheless, because these measurements are not
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accurate beyond + 0.05 second. Aside from the
differences in reaction time, other aspects of the
nature of the vascular response are distinctive.
The slope of the curve is more precipitous, the
state of maximum constriction is attained more
quickly, the reaction takes place to a greater de-
gree, and is over more quickly, than in the normal
people. If, instead of a stimulus which is in-
nocuous, psychologically, and which has no psy-
chological persistence, stimuli occurred or were
applied which were more painful or more far-
reaching in influence, the continuance of constric-
tion would exhibit far greater duration. This ob-
servation suggests that, in hypertensive patients,
the impact of usual occurrences, not ordinarily
regarded as harmful, in daily life result in effects
upon their vascular systems of a degree and a
duration beyond that experienced by normal per-
sons. Unfortunately, it has been impossible to
measure changes in the blood pressure. No satis-
factory apparatus free from the danger of occa-
sioning psychological stress that would serve the
current purpose is now available.

In the senile subjects, clearly the reaction times
of the fingers and toes were much longer than in
normal or hypertensive persons. The reaction
takes place, furthermore, not only more slowly but
the entire response is slow to reach its maximum,
slow to recover, the degree of the response is less,
and the entire response has the appearance of less
vigor. The distribution curves of the times of
reaction of the finger tips of the three groups of
subjects illustrate these differences. The means
in these three groups are distinct. There is a
considerable amount, nevertheless, of overlapping
of these values. The shapes of the distribution
curves are such that the hypertensive curve which
is to the left exhibits a fair sized area of over-
lapping while that of the senile group to the right,
is much wider, and so comes to coincide less with
the normal curve. As quantities, though signifi-
cant, these differences are small; as qualities to be
perceived clinically, they are very distinct.

The reactions in the toes of the hypertensive
patients and senile subjects took place 0.30 and
0.39 second later, respectively, than in the fingers.
These differences indicate no difference statis-
tically among the three groups when compared
with the value of 0.31 in normal individuals.

By good fortune, it was possible to learn more
intimately the path which these impulses traversed.
The observation was made possible by the 2 pa-
tients with hypertension who were operated upon.
Their sympathetic nerves, after they were cut,
naturally failed to convey impulses and so could
not serve as the efferent limits of reflex arcs set in
motion by sensory stimuli. Expected responses,
therefore, did not occur.

SUMMARY

The mean reaction times in the tips of the fin-
gers in normal (3.12) and in senile persons (3.86)
differ from those in hypertensive patients (2.94),
being most rapid in the hypertensive and slowest
in the senile persons. In the tips of the toes, the
general arrangement is the same, being fastest in
hypertensive subjects (3.24) and slowest in the
senile (4.25). In the toes, the delay (beyond the
fingers) is of the same order of magnitude in
each of the three groups. This can be accounted
for on the. basis of the time required for the ef-
ferent impulses to traverse the additional length
of post-ganglionic sympathetic fibers in order to
reach the toes. The stimuli used were diffuse
light, heat, cold, pin-prick, sudden loud noise
(pistol-shot), and electric shock. There was no
significant difference in the normal group among
the stimuli used in the reaction time or in any
part of the total vascular response, such as time
for the vasoconstriction to reach a maximum, de-
gree of change in the volume of the pulse wave,
time for recovery, and suddenness of response.
It was not possible to group persons on the basis
of their reactions to the stimuli.

The stimuli, light and bell, which were applied
while subjects were alone were more satisfactory
than those which, when applied, necessitated the
presence of an observer. Psychological factors,
often apparently very mild, influenced the re-
sponses significantly, which indicated the extreme
importance of recognizing them during peripheral
vascular studies on conscious human beings.

No correlation was found, provided a reaction
to the stimulus occurred, between the reaction
time and the state of the vascular bed of the part.
The reaction time was essentially not affected by
the fact that the vascular bed was already in a
contracted or dilated state or was constricting or
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dilating when the stimulus was applied. This was

not the case concerning the degree of change in
volume of the vascular bed during the response.

The more constricted the vascular bed at the time
of stimulation, the less change in volume.

In general, the data strongly suggest that re-

action time was more rapid, the vascular response

occurred more suddenly and to a greater degree
and was over more rapidly, in hypertensive than
in normal persons.

In the senile subjects, the reaction time was less
rapid than normal and the vascular response oc-

curred more slowly, to a less degree, and the re-

covery was much slower.
The reason for these differences is unknown.

These differences can be owing to changes in the
vessels themselves or in factors outside the vessels
such as the nervous system or in chemical states
which influence the vessels.
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