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I INTRODUCTION

The presence of vascular sensibility has long been known. A great number of
reports have been published on the sensory innervation of the blood vessels. Most
of those works were carried on to analysc the conducting pathway of the sensory
fibers. Asar (1927) and Kova (1932), in animal experiments, reported that the
blood vessels of abdominal cavity had a dual sensory supply via the afferents of
the sympathetic and parasympathetic systems, and that those of extremities likewise
had a dual supply via the sympathetic and somatic ncrves, except for a triple
supply in the axillary artery. The very opposite observations are those of Csawa
(1926), Moore and SivcLeton (1933), who proved that the sensory fibers supplyving
the femoral and brachial arteries passed the peripheral branches of the spinal nerves,
but not the syvmpathetic chain.

The purpose of the present investigation is to observe the noci-reflexes elicited
by noci-stimuli of the blood vessels by means of a new experimental method, and
thereby to clarify : 1) the syvstematic analvsis and evaluation of the vascular sensi-
bility in various parts of the body, 2) the pursuit of conducting pathway of the
sensibility, inter alia, parasympathetic sensible pathwayv, and 3) considerations on
the spinal segments in which sensory innervation to the blood vessels, especially to
the main abdominal vessels, consist.

II  ANIMAL EXPERIMENTS
METHODS

Experimental animals

Dogs were used in all experiments. Urethane and morphine were used as anes-
thetics, because with these drugs a steady narcosis was readily obtained and because
deep anesthesia with other anesthctics suppresscd a response upon stimulation.
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Recording .

As the indicator of the wvascular sensibility, noci-reflexes, i. e., the changes of
blood pressure and respiration, were recorded'on a kymogram. The blood pressure
was directly measured from the carotid artery with the mercury manometer. The
respiration curves were recorded with the water manometer connected through rubber
tubing with a rubber bulb placed on the chest wall.

Stimulation

A new method was devised by the author. The inner surface of the blood
vessels was electrically stimulated by the coaxial electrodes which were set on the
top of a heart catheter inserted into the blood vessels. By this methed the author
could examine genuine vascular sensibility, of the brachial artery, femoral artery,
aorta, vena cava inferior and other wvessels without performing thoracotomy or
laparotomy.

The stimuli given to the blood vessels consisted of square wave unidirectional
pulses with a duration of 5.0 msec, a frequency of 60 pulses per second, and intensi-
ties varying between 1 and 40 volts. The center pole of the stimulating electrodes
served as an anode.

Insertion of the catheter electrodes

In most experiments of the present studies, the heart catheter was inserted into
aimed positions under ‘the fluoroscopy from the following five blood vessels :

brachial artery — axillary a., subclavian a., aortic arch.

femoral artery —»> external iliac a., common iliac a., abdominal aorta, thoracic

aorta, aortic arch.

external jugular vein — pulmonary a.

femoral vein —» v. cava inferior

common carotid artery —» carotid sinus, external carotid a.

In a few cases, i. e., in popliteal a., celiac a., superior mesenteric a., and inferior
mesenteric a., a slender vinyl-tube was used instead of the heart catheter, because
these vessels were small calibre.

In the case of abdominal visceral arteries only, the electrodes were inserted under
laparotomy. Thereafter, the abdominal cavity was immediately closed in order to
avoid influences of any artefact.

RESULTS

(1) Observaion on the peripheral arteries

Upper extremity: Brachial artery, Axillavy artery, Subclavian artery

Stimulation to these arteries was followed by a remarkable reflex reaction (Fig.
1). The result is presented en bloc in Table I

Although it is considerably difficult to give an exact and objective judgment on
the evaluation of vascular sensibility, these arteries presented the following order in
their sensitivity : brachial a. > axillary a. > subclavian a.

Lower extremity: Popliteal artery, Femoral artery, External iliac artery, Common

ilige artery
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Fig. 1 Femoral artery. The marked increase of blood pressure, and the notable change
of respiration accompanied by crying and struggling were recorded. by stimulat-
-ihg the artery. The tracings from up to down: respiration, blood pressure, base-
line, time and signal. In following all figures the tracings are the same as in
this figure.

The similar responses were obtained in these arteries, too. The result is given
in Table I. Comparing the sensibilitv of these arteries, the following order was
recognized : popliteal a. > femoral a. > external iliac a. > common iliac a.

Experiment of nerve section

In one animal, the femoral artery was stimulated before and after the section
of both femoral and sciatic nerves at the muscular lacuna and sciatic foramen
respectively. When the stimulation was given before the section of these nerves, a
very remarkable reflex reaction was observed. After the section of the nerves, this
reaction diminished, but a slight change still remained. In another animal, the
artery was stimulated before and after the homolateral lumbosacral sympathectomy
(L2-S3). The resection of the sympathetic chains gave some influence on this
reaction.

(2) Observation on two abdominal large blood wvessels

Abdominal aorta

The vessel was stimulated at the level of the second lumbar vertebra. Almost
the same reflex reactions were recognized by increasing intensity from 10 to 40
volts. Fig. 3-b. shows the pressor response following the stimulation of the aorta.

Inferior vena cava

The vein was stimulated at the same level as examined in the akdominal aorta.
When 40 volts intensity was applied, the blood pressure and respiration showed
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Fig: 2 Aortic arch. The distinct decrease of blood pressure and the temporary change
of respiration, by stimulating the arch with catheter electrode.

essentially the same changes as in the experiment of the abdominal aorta. But
the intensity below 30 volts, had no effect upon it.

The threshold intensities in the abdominal aorta and the vena cava were 5
volts and 30 volts respectively, the former being more sensitive than the latter.

(3) Observation on thoracic large blood wvessels

Aortic arch

Fig. 2 shows a distinct decrease of blood pressure. When the same portion
was stimulated 2 hours after the vagotomy on the left side, the depressor reflex
was still observed. After the bilateral cervical vagotomy, the reflex was recognized
no more.

Thoracic aorta

When the aorta was stimulated at the level of the ninth thoracic vertebra,
reflex changes were relatively slight.

Pulmonary artery

Notable reduction of blood pressure occurred following the stimulation of the
trunk of this artery (Fig. 3-a). Two hours after the left cervical vagotomy, the
same intensity of stimulus still produced slight changes in both blood pressure and
respiration. After additional right cervical vagotomy, these vasopressor and respira-
tory reactions completely disappeared. During this time, the femoral artery which
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Fig. 3 a, Pulmonary artery. b, Abdominal aorta.
Compare a with b. Both the same intensity: 30 volts. The precipitous fall of
blood pressure and the slight change of respiration were recorded by stimu-
lating the pulmonary artery. On the contrary, the marked increase of blood
pressure and the change of respiration were shown by stimulating the abdomi-
nal aorta.

was stimulated as control showed a marked reaction.

If the intra-pulmonary artery was stimulated, pressor response and respiratory
change were obtained. By bilateral vagotomy, the former response disappeared.bhut
the latter change still remained. The conus arteriosus, likewise, showed a tendéricy
to pressor response. The result following the - vagotomy was the same as in the
intra;pulmonary artery.

(4) Observation on the cervical arteries

Carotid sinus ;

The stimulation of the carotid sinus caused a reduction of blood pressuré .and a
slight change of respiration (Fig. 4). The response disappeared after the section of
the carotid sinus nerve.

Common carotid artery and external carotid artery

In these arteries, a very slight reflex reaction was recognized throughout the
entire experiments of the present studies, except for a questionable response to the
portal vein.

(5) Observation on the abdominal visceral arteries

Celiac artery

By stimulating this artery pressor and respiratory reflex reactions were observed
(Fig. 5-a).

In order to decide the afferent pathways participating in the noci-reflexes,
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Fig. 4 Carotid sinus. Showing remarkable depressor responses recorded by stimulating
the sinus with catheter electrode.
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Fig. 5-b Celiac artery. After tran- Fig. 5-¢ Celiac artery. Addition-

Fig. 5-a Celiac artery.

Nerve intact, marked section at C8, reactions diminished, al bilateral vagotomy per-

changes of blood press- but slight changes still remained. formed, vasopressor and re-

ure and respiration. spiratory reactions completely
. disappeared.

transection of the spinal cord and cervical vagotomy were carried out. After tran-
section of the spinal cord at C 8, some slight changes still remined (Fig. 5-b).
Thereafter, additional bilateral vagotomy was performed. Hereupon, the vasopressor
and respiratory reactions completely disappeared (Fig. 5-c). Contrary to the above
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experiment, the bilateral vagotomy was, at first, performed. The reaction diminished
only slightly. Additional transection of the spinal cord at C 8 caused the reaction
to disappear completely.

These experiments demonstrate that some of the afferent fibers concerned in the
response to electrical stimulation of this artery ascend in the spinal cord via the
abdominal sympathetic pathways, while others of them ascend in the vagus nerve,
to reach the medulla oblongata.

In order to decide the upper and lower borders of the spinal segments com-
municated with the sympathetic afferent pathways, transection of the spinal cord
and posterior rhizotomy were performed.

After vagal afferent paths wcre intercepted by preceding bilateral vagotomy
(Fig. 6-a), the transection of the spinal cord was performed at L 1. Following this,
the stimulation of the artery elicited distinet reflex changes (Fig. 6-b). Then, the
cord was transected from Thl3 to Th7 in turn (Fig. 6-c, d, e, f, g, h.). At Th7,
the reflexes completely disappeared (Fig. 6-i). This indicates that the upper border
is the 7th thoracic segment.

In another animal, posterior rhizotomy was performed at Th7 after bilateral
vagotomy. The stimulation caused the reflex responses. Thereafter, the posterior

Fig. 6-a Fig. 6-b Fig. 6-¢
a. Stimulated after bilateral vagotomy.

b. Stimulated after transection at L1.

c. Stimulated after transection at Thi3.

Fig. 6-d Fig. 6-e Fig. 6-f
d. Stimulated after transection at Thi2.
e. Stimulated after transection at Thil.
f. Stimulated after transection at Th10.
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Fig. 6-g Fig. 6-h

g. Stimulated after transection at Th9.
h. Stimulated after transection at Th8.
i. Stimulated after transection at Th7.

rhizotomy was performed from Th8 to Th13 in turn. At Thil3, the reflex com-
pletely disappeared. This proves that the lower border is the lst lumbar segment.

Superior mesenteric artery o

For the purpose of studying the afferent pathways of the noci-reflex evoked
from the superior mesenteric artery, the same procedure as demonstrated in the
celiac artery was carried out. The result indicated that the superior mesenteric
artery was innervated by both the sympathetic and vagal afferent nerves, and that
the upper border of the spinal segments communicated with the sympathetic afferent
pathways was Th9, and the lower one L2.

Inferior mesenteric artery

In this artery, the noci-reflexes disappeared after the transection of the spinal
cord at C 8, without performing vagotomy. This fact showed that the vagal nerve
did not play any role in conducting afferent impulses which arose from the inferior
mesenteric artery. The upper border of the spinal segments concerning the reflex
was L1 and the lower border was Lb. 7

DISCUSSION

Criticism on the experimental methods

Various methods of stimulation have been devised so far by many workers for
studying vascular sensibility. Among others, the method reported by Moore and
SiNLETON is widely adopted by many investigators. They succeeded in arousing
vascular pain by giving an intra-arterial injection of sodium iodide solution. But
this chemical method can not be regarded as ideal for stimulating the blood vessel
itself, because it is thought that the irritant flows to the periphery from the site of
injection and stimulates the sensory nerve ending of the skin or other tissues sup-
plied by the vessel.

Ch. Kimura, who studied the problem clinically showed that the pain caused
by injecting sodium iodide solution ias felt by leprous patients only where the
cutaneous sensibility was normal and not in the anesthetic skin arca. From this
evidence he concluded that Moore and SINGLETON'S sodium iodide method caused the
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pain of the skin.
The present author directly proved the irritant action of the chemicals upon the

sensory nerve endings of the skin. In accordance with ArmsTroNG’s cantharidin
blister method, an isotonic sodium iodide solution was applied to the blister area so
as to actien the nerve endings directly. Immediately a very severe pain occurred
and persisted a few minutes. Besides, as will be described later, the barium chloride
solution which was injected into the artery caused a severe pain in the peripherally
distant parts. Therefore, the chemical method was avoided in the present studies.

Electrical or mechanical stimulation methods have widely been employed. Kovya,
Asar and others stimulated the blood wvessels with Faradic current at a point on
adventitia. This method also lacks adequacy for stimulating the blood vessels, because
not only tested vessels must be exposed to mnon-physiological state but also other
nerve elements which have no direct relation with wvascular afferent nerve fibers
may be stimulated. In the adventitia of a blood vessel, existcnee of those nerve
fibers must be taken into consideration. By mechanical method, the adequate in-
tensity of stimuli.cannot be given to the vessels.

In order to avoid the disadvantages of the above-mentioned methods and to
stimulate the needed blood vessel and no other, a new method ivas devised by the
present author. The method consists in stimulating the vessel from inside. For
this purpose, a heart catheter, on the top of which the coaxial electrodes were set,
was used. Almost all vessels were stimulated with this catheter electrodes inserted
into them, without damaging the finest nerve fibers.

Quantitative evaluation of vascular sensibility

In order to decide the intensity of threshold stimuli a part of a blood vessel was
stimulated repeatedly at intervals of 5 to 10 minutes with increasing intensites in
one experiment, while in another experiment, the same intensity of stimulus was
given to more than two vessels in order to compare the degrees of response.

From the threshold and the response, vascular sensitivity can be estimated. For
example, the result of the brachial, axillary, subclavian arterv or the popliteal,
femoral, external iliac, common iliac artery, shows that the more peripheral the
stimulated portion is, the lower the threshold of stimulus is, in other words, the
higher the response to stimulus is.

. Comparing the vascular sensibility of the extermities with that of the main
blood vessels in the trunk, the latter was less sensitive than the former.

The result of the experiments on the abdominal aorta and vena cava inferior
showed that the former was more sensitive than the latter. A\ similar relation was
observed bstween the mesenterial artery and the portal vein. Cugng of our labora-
tory, who carried out a histological study on the afferent innervation of the large
blood vessels, has recently reported that the nerve distribution in the large veins is
far more scaree than in the large arteries. His histological finding coincides with
the physiological result of the present experiments.

According to M. CrLara, the vascular sensibility has not been proved in the
common carotid artery. But in the present experiment, the distinet noci-reficx was
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Table. I Grade of Reflex Responses following Stimulation of Peripheral and
Visceral Blood Vessels.
Increase of blood pressurei Change of respiration Crying Struggling
mfarked moderate slight |marked modérate slightmarked slight}marked slight
Brachial a. + i £ i
Axillary a. + + + +
Subelavian a. + +
Popliteal a. + + + +
Femoral a. + + + H .
External iliac a. + + + +
Common iliae a. + +
Comon carotid 2. + +
External carotid a. + ‘ 4
Abdominal aorta l + : +
Thoracic aorta + =2
Inferior vena cava ) + ‘ +
Portal vein ‘ - +(7) +(7)
Celiac a. + + l
Superior m. a. : + + [
Inferior m. a. : + + |

Carotid sinus

Aortic arch

Pulmonary a.

|

l} Depressor respons

Intensities of stimuli:
20 volts, in arteries of upper and lower extremities
20-40 volts, in other blood vessels

™

Fig. 7 Graphic curve showing grade of vascular sensibility in many blood vessels. Refer
to the result in Table 1. Upward arrow shows high sensibility, and downward one

£37TTQT0URE

High

: sometimes questionable

ropliteal arte~y

Brachial artery
remoral artery

aAxillury artery
External illiac artery

Subclavian ertery (ommon tliac artery

abdominal

O]
aortic Thorac i oy

arch eorta

Carotid

Low

sinue vz

s nferior
veliac superior nfer

5:::2?6 pulmonary artery mesenteric mesentieric
artery &Ttery artery artery

cxternal
carotid
artery Superior inferior

vena oava Yenu cave

portal vein

shows inverse.
elicited by stimulating the artery, althouth the response was very slight.
The result is summarized in Table I and illustrated in Fig. 7.
Depressor reflex and moci-reflex
The reflexes arising from the blood vessels were classified into two main kinds,
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depressor reflex and noci-reflex. As well known, the depressor reflexes occur from
the aortic arch, carotid sinus and the bifurcation of pulmonary arteries. In the
present experiments, by means of author’s method, these phenomena were clearly
recorded, and it was also demonstrated that aortic and pulmonary reflexes disappeared
after the vagus nerve was cut and that carotid reflex did not occur after section
of the sinus nerve. The noci-reflex, including the increase of blood pressure, change
of respiration, struggling and crying, was employed in the present study as an
indicator of vascular sensibility. As shown in Table I, these reflex reactions were
recorded from all blood vessels examined.

Thus, it may be given as a conclusion that the depressor receptors are localized
on the specific sites, while the noci-receptors are distributed on almost all blood
vessels, and that the afferent conducting pathway of the former, i. e., “baroceptive
fiber”, ascends to the cardiovascular center, accompanied with the wvagus nerve,
whereas the afferent fibers of the latter reach the upper center through the sympa-
thetic nerve.

The depressor reflex coming from the pulmonary artery was described by Taxio
(1937) and is now giving an important problem in thoracic surgery. The author
experimentally recognized the existence of this depressor reflex using the heart cather
electrodes without thoracotomy. The depressor reflex which was present in pulmonary
trunk was not proved in the intra-pulmonary artcry. If the artery was stimulated
by the catheter electrodes which were more deeply inserted from the pulmonary
trunk, the noci-reflex developed. From the result of vagotomy, it is understood that

Vagus
Sympathetio
chain
4

Fig. 8 Showing the afferent conducting pathways of depressor reflexes arising from
the aortic arch (a) and the trunk of pulmonary artery (b}, and the pathways

of noci-reflexes occurring from the intra-pulmonary artery (d) and the conus
arteriosus ¢\
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the afferent impulses arising from the trunk of pulmonary artery ascend through
the vagus nerve, while the impulses from the intra-pulmonary artery are conveyed
by dual pathways, viz, the vagus nerve and thoracic sympathetic nerve. The result
obtained from the conus arteriosus was similar to that of the intra-pulmonary
artery. These results agree with Yacira’s histological study of the sensory nerves
in the lung, and also with Taxino’s physiological results obtained under thoracotomy.

The results are summarized and illustrated in Fig. 8.

Sensory inmervation of the peripheral arteries

The experiments performed in the femoral artery before and after the section
of the peripheral spinal and the paravertebral lumbar sympathetic nerves demon-
strated that the afferent fibers concerned in the reflex reaction ascended chiefly spinal
and partially sympathetic pathways to reach the cord. This results supports the
FoerstER and Kova’s studies, in which sympathetic pathway has been emphasized as
a pain conducting route of the peripheral artcry. Concerning this problem, fuller
account will be given later in the section of clinical experiments.

Sensory immervation of the abdominal visceral arteries

Experiments of the sensibility of visceral arteries before and after vagotomy
and also spinal transection show the following result: the celiac artery and the
superior mesenteric artery have dual sensory supply via the afferent pathways in
the sympathetic and parasympathetic systems, whereas the inferior mesenteric artery
has only one sensory supply via the sympathetic afferents and nothing to do with
parasympathetic afferents.

Subsequently, the spinal segments which innervate these arteries were decided
using Kova’s method. The following results were obtained: the celiac artery is

Srinal cord

\

LULITITT] L

Spinal Sesment

I

woyd 139y eduss
&4 4 4 4412124 1 J
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D]
LIl st RR NP E o]

Main sesment

Fig. 9 Sensory nerve innervation of 3 main visceral arteries. Showing vagal afferent
pathway and spinal segments innervating those arteries. Main segment: In
each artery, the afferent fibers enter the spinal cord mainly at this segments.
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innervated by Th7-Th13, the superior mesenteric artery by Th9-L2, and the inferior
mesenteric artery by L1-L5. In comparison of the author’s results with Kova’s
which were obtained by stimulating those arteries on their adventitia, some difference
is to be detected.

It is of interest that the spinal segments correspond to dermatoms of abdominal
wall reflected from the same arteries that have been recently decided by the author’s
electromyographic studies of the viscero-moter reflexes. Furthermbre, it is to be
noted that the spinal segments innervating the above-mentioned three arteries agree
with those of the viscera supplied with the vessels.

The results is illustrated in Fig. 9.

III CLINICAL EXPERIMENTS
VISCERAL ARTERIES

Almost the same stimulation method as employed in the animal experiments
was carried out in the patients suffering from abdominal diseases during laparotomy.

In case 1, 2, and 3 of Table II, just before the resection of the stomach includ-
ing ulcer or cancer, the electrodes were inserted "into the right or left gastroepiploic
artery as far as 10 cm and electric stimulation was given. None of the patients
felt pain, even when they felt cardialgia by the electric stimulation of the gastric
ulcer itself or the adventitial side of the gastroepiploic artery.

In case 4 with chronic appendicitis, we examined this catheter method in
mesentric artery and confirmed the occurrence of cardialgia.

Table. I Result of Stimulation of Visceral Arteries

[
No. of Case, : ' Stimuli
Name, Age Diagnosis | Anesthesia Eﬂg}ﬂated applied to intima | Pain | Site of feeling
& Sex | ¥ or adventitia
f g s Square wave
1) N. T. ) | Segmental  Right
W 51 ’1:\[‘/[ Gastric ulcer = spinal . gastroepiploic i:urregbt 1-40 V
| anesthesia | artery Ms;: ‘oY CDS; g
‘ | to intima i
_ ‘ i e e
2) 0. B. \ . Segmental | Left
) o Gastric ulcer | spinal | gastroepiploic i, B ” _
| anesthesia | artery Rl
(3 T. M. . - Local Right ” _
Gastric cancer| ¢ t iploic | to inti : i
72 M. : gastroepiploic | to intima
| apesthiesia artery to adventitia + | Epigastrium
‘ 10 ) R T
(4) M. S. Chronic Spinal Ileocolic p ‘ Epigastrium
-y 2 . ht hypo-
34 F. appendicitis | Anesthesia| artery to intima ; t g;g;griumy

PERIPHERAL ARTERIES AND VEINS

Six patients were examined for studying peripheral vascular sensibility.
Case 1 of Table III, a 40-year-old male, with sarcoma on the upper arm, was
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Table. Il Result of Stimulation of peripheral Blood Vessels

No. of Case. l : Intesity
Name, Age Diagnosis Anesthesia Sytlmulated of stimuli | Pain Gradq and character
& Sex vessel (valts ) of pain
T : 2 — |No pain
(1) T. F.. Sarcoma of Local Profunda )
40, M. the upper anesthesia  |brachii ég f ISV}I%ht’ gnly local
arm artery 30 + Se(ifeerI(‘ea 2 local, and spread
| 40 + [Severe to finger
Large
(2 M. T. Varix of Local saphenous
55 M. the leg anesthesia |vein
[Portion in 0.5 — [No pain
‘the lower 1 + |Slight, only local
leg 10 + |Moderate, local, ard1d splread
! to 4cm dista
\ 20 + |Moderate, local, to 10cm
1 30 + |Severe,
40 + Severe,}local’ to 12cm
Portion in 1 — |No pain
the upper 10 4+ [Slight, only local
leg 20 + lé/Ioderate, local, to 10cm
) 30 + Severe))
35 + Severe,Jlocal’ to 15cm
(3) K. H. Thromboangiitis: Spinal Common ‘ 40 + [Severe pain, spread to
50 M. lobliterans anesthesia |iliac artery the toes
(left lower leg) ’(I‘\;lpx;gr level |ileft) i P —
\ sympathectomy,
| o pain
(4) M. S. Thromboangiitis‘; Local Popliteal | 40 — |No pain
35 F. |obliterans | anesthsia artery i
Intra- o :
f o Severe pain, in region
i ?r%teec}tliiln of + of the patella
i ‘BaCl_)

examined before amputation. The stimulating electrodes were inserted into a branch
of the brachial artery. Stimulation of 10 wvolts in electric potential gave him a
pain only in the stimulated region, but with that of 20 volts the pain evidently
spread to his fingers.

Case 2, a 55-year-old male, with varicose veins in the lower extremities, was
examined during excision of varix. The large saphenous vein, at the lower leg
portion, by the stimulation of 1 volt, produced a pain onlv in the stimulated
point, but as the electric potential grew stronger, spreading of the pain began to
appear. It, however, never extended more than 12 cm distal from the stimulated
point, even when 40 volts potentials were given. Almost the same result was ob-
tained at the upper leg portion of the vein. Besides, this result was confirmed in
other two cases.

-In case 3, a 50-year-old male, suffering from thromboangiitis obliterans, the
electric stimulus was applied to adventitia of the left common illac artery after the
left lumbar sympathetic ganglionectomy under the spinal anesthesia. Stimulation of
40 volts caused a severe pain which spread from the stimulated region to the toes.

«
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After periarterial sympathectomy at the bifurcation of abdominal aorta, the pain
disappeared.

In case 4, a 35-year-old female, suffering from thromboangiitis obliterans, the
electric stimulus was applied to adventitia of the popliteal axtery after complete
local anesthesia of the vessel and the tibial nerve. The electric stimulation to
adventitia caused no sensation of pain at all. Then intra-arterial injection of isotonic
barium chloride solution (2.3%, lecc) was performed at the same portion. After
the injection, she felt a severe pain in the region of patella.

DISCUSSION

From these clinical experiments we know that: the intima of a blood vessel is
less sensitive than the adventitia. The blood vessels in the extremities are more
sensitive than those in the visceral regions. This fact agrees with the result of
animal experiments. In the extremities, the arterial pain easily radiates to the
fingers and toes, while the venous pain spreads only within a limited area. This
suggests the existence of different modes of sensory innervation between large arteries
and large veins.

The result of case 3 of Table IIl showed that some vascular sensory nerves of
the lower extremitics ascended along of the adventitia and entered the spinal cord
at the level of at least above Th7 segment via the sympathetic ganglions and chains
which belonged to segments more cranial than L 1. Because, even when the L 2,
3, and 4 sympathetic ganglionectomy had been performed under the spinal anesthesia
below Th7, the stimulation of the iliac artery caused a severe pain spreading to the
toes.

The experiment in case 4 of Table III, obviously proved that the pain caused
by the injection of barium chloride solution arose from peripheral capillary and its
surrounding tissues. Therefore, as already discussed, such chemical irritants were not
suitable for the studies of vascular sensibility.

IV. SUMMARY AND CONCLUSIONS

(1) A new method was devised by the author for the study of vascular sensi-
bility in the strict sense of the word. The blood vessels were electrically stimulated
by the coaxial electrodes which were set on the top of a heart catheter inserted
into the blood vessels. As the indicator of the vascular sensibility, noci-reflexes, i;
e., the changes of blood pressure and respiration were recorded on a kymogram.

(2) Al blood vessels had sensibility and the intima of blood vessel was less
sensitive than the adventitia.

The artery was always more sensitive than the vein in their anatomically
corresponding portions.

The sensibility of the blood vessels in extremities showed a fact that the more
peripheral the stimulated part is, the lower the threshold to stimulus is.

Comparing the vascular sensibility of the extremitics with that of the main
blood vessels in the trunk, the latter was less sensitive than the former.
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(3) The vagal sensory fibers were classified into two kinds. One caused de-
pressor reflexes from the aortic arch and the trunk of pulmonary artery, while the
other produced noci-reflexes from the celiac and superior mesenteric artery, but not
from the inferior mesenteric artery.

(4) From the metameric point of view, the viscera and the supplving blood vessels
received the sensory nerves arising from the same segments of the spinal cord.

(5) The blood vessels of the lower extremities had a dual sensory supply via
chiefly the spinal nerve and partially the sympathetic one.

(6) The arterial pain and venous pain showed some difference in spreading.
From the clinical point of view, it may be possible that a vascular disease in a
large artery causes a pain in the fingers and toes instead of the artery itself. But
concerning the venous pain, such deception is not to be observed.

I wish to express my sincere thanks to Assist. Prof. Ch. Kiwura, M. D. of our clinic for
his help and eriticism throughout this work.

An abstract of this study has been reported by Assist. Prof. Ch. Kniura, M. D. at the 6.
Symposium on Vegetative Neurology in Strasbourg, on Sep. 29, 30,-Oct. 1, 1955, and has been
reported by the author at the 57. Annual Meeting of the Japanese Surgical Association, in
Tokyo, on Apr. 1-3, 1957.

REFERENCES

1) Armstrong, D, Dry, R. M. L. et al.: Observations on Chemical Excitants of Cutaneous
Pain in Man. J. Physiol., 120, 326, 1953.

2) Araki, Ch.: Contribution of Recent Surgery to the knowledge of Visceral Pain. (in Japa-
nese) Rinsho-Geka, 4, 73, 1949.

3) Asai, Sh.: Dual Sensory Innervation of the Blood Vessels. (in Japanese). Kyoto-Igaku-Zas-
shi, 24, 277, 1927.

4) Aviado, D. M. and Schmidt, C. F.: Reflexes from Strech Receptors in Blood Vessels, Heart
and Lung. Physiol. Rev. 35, 247, 1955.

5) Cheng, Y. M.: A Histological Study on the Afferent Imnervation of the Large Blood
Vessels. Arch. Jap. Chir., 26, 75, 1957.

6) Clara, M.: Die anatomie der Sensibilitat unter besonderer Beriickrichtigung der Vegeta-
tiven Leitungsbahnen. Acta Neuro-Veg. 7, 4, 1953.

7) Foerster, O.: Die Leitungsbahnen des Schmerzgefihls und die Chirurgische Behandlung
der Schmerzzustande. Berlin, 1927.

8) Hayakawa, J.: Afferent Nerve Innervation of Thoracic Aorta. Seirigaku-Kenkyu. (in
Japanese) 14, No. 12, 1937.

9) Horine, C. F. and Warner, C. G.: Experimental Occlusion of the Pulmonary Artery. Arch.
Surg. 28, 150, 1934.

10) Kawakita, H.: The Periaortic Afferent Pain-Conducting Pathway in the Abdominal Cavity.
(in Japanese) Nippon-Gekagakkai-Zasshi, 58, 1768, 1958.

11) Kimura, Ch.: Vascular-Sensitivity. Acta Neur-Veg., 14, 170, 1956. Homeostatic Reflexes.
(in Japanese) Nippon-Rinsho, 16, 925, 1958.

12) Koya, T.: Experimental Studies of Dual Sensory Innervation of the Blood Vessels. (in
Japanese) Kyoto-Igaku-Zasshi, 29, 432, 1932.

13) Moore, R. M. and Moore, R. E.: Studies on the Pain-Sensibility of Arteries. Amer. J.
Physiol., 104, 259, 1933. Ibid. 104, 267, 1933.

14) Matsusaki, K.: Afferent Nerve Innervation of the Celiac Artery. Seirigaku-Kenkyu, 13,
563, 1936.

15) Mec Dowall, R. J. S.: The Nervous Control of the Blocd Vessels. Physicl. Rev. 15, 98, 1935.

16) Osawa, T.. Experimentelle Untersuchung iiber die sensible Innervation der Gefésse. (in



2948

17
18)
19)

20)

HASBIEE #H28% H8%

Japanese) Arch. f. Jap. Chir. 8, 374, 1926.

Ratschow, M.: Uber den Gefassschmerz. Acta Neuro-Veg. 7, 329, 1953.

Schwiegk, H,: Der Lungenentlastungsreflex. Pfligers Arch., 236, 206, 1935.

Shishido, S.: Clinical and Pathological Research of the Sensibility of Blood Vessel. (in
Japanese) Geka, 16, 227, 1954.

Takino, M. and Watanabe, S.: Uber die Bedeutung des Ligamentum Arteriosum bzw. des
Ductus Botalli und der Ansatzstelle desselben an der Pulmonalwand (A. Pulm.) als Blut-

driick-ziigler bei Verschiedenen Tierarten. Arch. f. Kreislaud. 2, 18, 1937.

21) Tsunekawa, I.: A Study on the Respiratory Reflex from

Nagoya-Igakkai-Zasshi, 62, 72, 1948.

Carotid Sinus. (in Japanese)

22) Tsunekawa, K.: Electromyographic Studies on the Viscero-motor Reflexes. Arch. Jap. Chir.

in the press.

23) Watanabe, Y.: Studies on the Viscerogenic Reflexes. Arch. Jap. Chir.,, 23, 38, 1954.
24) Weber, A.: Les Bases Morphologiques de la Sensibilité Artérielle. Acta Neuro-Veg. 7, 32,

1953.

25) Yamasaki, Y.: Afferent Nerve Innervation of Blood Vessels in Abdominal Cavity. (in
Japanese) Seirigaku-Kenkyu, 13, 288, 1936. Ibid. 13, 373, 1936.
26) Yagita, M.: A Histological Study of Sensory Nerves in the Lung and Visceral Pleura.

Arch. Jap. Chir. 23, 569, 1954.

X &

& M <B4 5 4 51 b 58

REREEZHIFIPERE 2E (R HFRHRERD

B

(1), M 0ATZARICE LU CiER %D
AR, & IR EEOBIRI RN ER b E
bz, EBEIRERD LB LN T B EANEABLT
MEBEOHE BT B DITIRNEYLTHE L%
D7D T, LFTH T I EBEORF T mEREE
~DEZTREREE A TER T, b0y 7
— TN EEOTHDERIEOEBLEE LT, &k
WE T LT ERNELRIRL 2. MBEE0ERE
LTRERERNEEE L, Bk, mEOCE(LE
AL BV 38R L 7o,

2) MEMBORERL2MOBIERINS: KEm
EMEOBETHIE L TROFEE L 137-. NSRRI
FEVZEE U IR R, BIIRIAR RO ER & D4
BHWBTH S, MBEME L BRIMAE & DTl iE
NEVEWTH Y, FA—mBE NS CIIFRBESHTDH
3. HOBLIBERO i IR EIREE DR b B
S TIIAEL RGBT H D, N & DOz RS
CRED TIRECHEL 2T EERL T,

{8) EBRBBEORMNBLUI L OTHEILELIE
FEIRBL CGHERS L BERH L 258N, &
HO P RAEBEBIRE, KEIR, ThRIRS I
HERIROEHMICHEEL, ThicH L T8ERKFos
FERIMEDO L ZHHHAT B, FEORLERE
BEIZBMEE L T2 T 2088EBCLY, “h

VL TR R RMAS, BRI L BERSL T
3. RU 43 5B AR ER I OR T A AE RS
FHETHBOTIA L, —HIRTR, RERS L
B 085, BB ISR A OB R TRE
MR BER RO — 5 B L T\ BENREY
Iz, .

) PIBEMAE DR RE & BT T LL
KRR O itk 1872, BEEENRIXTh7~Th13 12k,
_ERARAREBIER 3 ThO~1.2 12 X v, THEIBEER L1
~L5 Ik D Th2FHING., 2ENOEH S TA
oS HREAEE —B L T 5. R L MEHHEHHE
VAT U TSR IRR T B b 0 TH DT, A0l
NEREDLDTH B, FNIABENS NI
AN LD AV, O IR — R
R 20DATH B,

(5) TR ASH T e REg, —8
BRGNS L ¢, 2 BENEREX
WA,

6] MAFFEOREEER I O TR 2B R
W7, Bl P O BRIROHI I R~ SR O
YIROERLE B R A 7, R0 CHBEBIRE
B = U TR b h B8 U SRS R Rt
VIR & MR R EEIEAIRERE C b B.



