
VASOMOTOR AND REFLEX SEQUELSE OF UNILATERAL
CERVICAL AND LUMBAR RAMISECTOMY IN A CASE OF
RAYNAUD'S DISEASE, WITH OBSERVATIONS ON TONUS

BY JOHN F. FULTON, M.D.
OF BROOKLINE, MASS.

FROM THE SURGICAL CLINIC OF DR. HARVEY CUSHING, PETER BENT BRIGHAM HOSPITAL, BOSTON, MASS.

THE reflex changes ensuing upon sympathetic ramisectomy have for some
years been under discussion among physiologists and surgeons. Many physi.
ologists have been unwilling to admit that reflexes become altered following
such procedures (see Forbes and his co-workers, I926; Adrian, 1920; Cobb,
I925, etc.), while certain surgeons (Royle, 1926, 1927; Stewart, I927, and
others) have adduced strongly suggestive evidence that such changes do in
fact occur. All are agreed, however, concerning the character of the vaso-
motor changes (see especially G. E. Brown, 1926; Adson, 1926; Adson and
Brown, 1925; Davis and Kanavel, I926). As the following case, which was
studied with great care both before and after operation, seemed to throw light
upon certain questions which are still unsettled, I felt that it was desirable to
report it now rather than to await further collective evidence.

CASE I.-P. B. B. H. Suirg. Nos. 27524, 28273, 28574. Chilblains in childhood; difficult
first pregntanicy with emotiontal disturbantce, excessive lactation and profutse perspiration;
onset of ischwmic symptomts in digits and toes after puterperium; pustutle formation and
gradual sloughing of terminal digits of index fingers for seventteen years; right radial
periarterial "sympathectomy" with no relief; right-sided cervical and lumbar ramisectomy;
relief of symptoms in lower extremity, reflex chantges.

Ruth M., an American housewife of forty-two, referred by Dr. C. L. Payzant of
West Medford, Mass., was first admitted on October 29, I926. She presented unmis-
takable symptoms of Raynaud's disease.

Clinical History (summarized from information obtained during three successive hos-
pital entries) .-There was no history of neurotic instability or of Raynaud's disease
among her ancestors or in any member of the family. Patient had been married nineteen
years, and had had three children with no miscarriages or stillbirths.

Onset of Present Illness.-Prior to her marriage the patient had always been a
cheerful, even-tempered individual whose general health had been unusually good. Her
habits were excellent and she had never smoked. There was nothing to suggest paroxysmal
haemoglobinuria. In childhood, however, her feet had been subject to chilblains, but for
ten to twelve years before the onset of her present trouble she had not been so troubled.
At seventeen she had had a running ear. Her present illness began four to five months
after the birth of her first baby. The pregnancy had been uneventful and the patient
was pleased over the prospect of having her first child. As her marital life was then
and has continued a happy one, there was therefore no background of domestic discon-
tent. However, the birth was extremely difficult, the patient having been in labor for
three to four days, and when finally delivered she suffered an extensive third-degree tear.
From the beginning of her confinement she had lost confidence in her obstetrician and
attributed her misfortune to improper care. The puerperium lasted six weeks, during
which time she ran a high fever, and for a year afterward was "worn out" and unable
to take care of her child. For several months after this pregnancy she was troubled by
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an excess of milk; it came in great quantities and a pump had to be used three to four
times daily for a month or more in order to draw off the excess which the baby could
not take. She also perspired profusely while nursing the child, and she was also subject
to palpitation which was brought on by any slight excitement. Easily upset emotionally,
she often wept without adequate cause; reading a tragic novel made her uncontrollably
lachrymose. Emotional instability has continued without great modification until the
present time. There were slight exacerbations of symptoms during her two succeeding
pregnancies which occurred respectively ten and sixteen years after the first.

Symptoms of Ischamia.-About four months after her first pregnancy she noticed a
sore spot on her left fore-finger which was thought to be a felon. Poulticing the finger

aggravated her symptoms. A
week later the skin of the tip
of the finger and also the
deeper tissues sloughed off and
did not heal for nearly a year.
Since this first experience she
has had many more sloughing
pustules, involving at one time
or another all of the fingers
on her two hands except her
two ring fingers and thumbs.
Two weeks prior to her first
entry her right foot had become
similarly involved, though for
four to five years she had no-
ticed occasional cyanosis and
blanching of both lower ex-
tremities. In the course of a
day her upper extremities are
ordinarily subj ect to repeated
a ttacks of ischaemia. These
begin with a sensation of
numbness and tingling asso-
ciated with marked cyanosis,
which in turn is followed by
blanching which may last for

FIG. I.-Patient's upper extremities showing marked sloughing of a half h o u r or m o r e. Any-
the terminal phalanges of both index fingers (pre-operative). thing which ma k es her ner-

vous or excited will regularly briun- on an attack of ischaemia. Thus, when Doctor
Cushing showed her to a clinic, the immediate effect of the ordeal was a complete blanch-
ing of all four extremities with a sensation of numbness, and after the clinic she wept
copiously and wept yet again when telling of it two days afterwards.

The patient's hands have proved to be a barometer of the weather, being much worse
when cold or moist weather is impending. She always dreads the coming of winter. On
a winter's morning while still in bed she feels no distress at all, but on arising her hands
and feet become almost immediately blue except for the tips of her fingers which usually
become dead white without initial cyanosis. Such attacks, especially those occurring in
the morning, were associated with an agonizing ache of her hands, the movements incident
to putting on her clothes with her hands in this state being particularly painful. She is
accustomed to taking violent exercise in order to warm up her extremities, and this
indeed has become a morning chore. Three or four times in the course of the day she
soaks her hands in warm water, which usually relieves the pain. When her arms hang
pendant she is conscious of a sensation of tightness in her fingers, and on account of this
is inclined to walk and to sleep with her arms in a flexed position.
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First Entry.-Examination showed a somewhat irritable but healthy-looking and
intelligent woman whose hands were covered with white gloves for the sake of increased
warmth. Blood pressure I04/72. Urine and blood showed nothing remarkable. Heart
sounds normal. Peripheral arteries not thickened and pulsation in peripheral arteries
apparently normal. The only important positive findings were in her hands and feet.
Proximal to the metatarsalphalangeal joints her hands appeared to be fairly normal.
The fingers, however, were grossly affected; they were shiny, and the skin covering them
was thin and atrophic. The nail of the right index finger had practically disappeared,
evidently as a result of repeated small areas of necrosis, which the patient herself called
"sore spots." At times the fingers were a deep blue with white spots on the tips of the

FIG. 2.-An X-ray of patient's hands showing the flattening of the terminal phalanges of index and
middle fingers.

fingers, at other times they were red with the same white spots present on the tips. Her
hands were always cold. They did not grow pale when held up in the air, but became
cyanotic when hung down. There was no sign of organic obliteration in her radial
arteries. Her feet were cold, moist and clammy. Most of the toes were dead-white in
color except for several which were a dark mottled blue. There was a slight swelling
of the right fourth toe, the dorsal aspect of which was habitually shiny and was covered
in places with scaly cornifications. This, the patient explained, was the remains of a sore
spot which occurred three to four weeks before. After hanging her legs over the edge of
the bed they both became intensely blute. X-ray of the hands showed portions of the
terminal phalanges of both index fingers and of the right middle finger missing. The
bones elsewhere and those of the feet were normal. Photographs of her hands and feet
are shown in figures i and 3, and X-rays of her hand in figure 2.

During nine days' stay in the hospital the patient had daily application of Esmarch's
tourniquet to her right arm, three times for three minutes at a time with about five
minutes in between each application (see Cushing, I902). After several days the "flush,"
on release of the tourniquet, passed rapidly down the right upper extremity to the metacar-
pophalangeal joint, then more slowly to the tips of the fingers. During the first days in

829



JOHN F. FULTON

which the tourniquet was used, the tips of the fingers were not affected by the flush, and
the patient felt that this regime had made her right hand more comfortable during the
day. Doctor Cushing also prescribed a hot toddy of brandy every morning (before
arising). With due allowances for mental concomitants, it was obvious to the patient
and to those who examined her that the brandy diminished the frequency and severity

of her ischaemic attacks for a
period of at least two hours
after it was taken. She was
accordingly discharged with
d i r e c t i o n s to conltinue the
tourniquet and morning hot
toddies.

Secontd Enttry.-Four
months later (February 24,
I927) the patient returned,
and reported that though the
hot toddy-tourniquet regime
had made her more comfort-
able she was still having a
great deal of pain, especially
in her right arm. She was
accordingly readmitted, and
physical examination at this
time was as before except
that several new small
sloughing sores had formed
on her fingers (second and
fifth on the right). On March
2, I927, Dr. John Homans
carried out a periarterial

1~kA1, <operation on her right radial
1. ~~~artery. During this manipu-

lation the artery shrunk so
that no pulsation could be
felt. Following the operation
her skin temperatures were
carefully studied with galva-

- - ~~~~~~nometer and thermocouple.FIG. 3.-Patient's lower extremities before operation.
- No material alteration in the

temperature of her hands was made out. From subsequent observations it was evident
that the operation had accomplished nothing.

Third Enttry.-Patient returned to the hospital for further observation on April 9,
1927, and as Dr. Norman Royle of Sydney was visiting Boston at that time, it seemed
desirable to give the patient the benefit of a right-sided cervical ramisectomy, and Doctor
Royle was accordingly invited to. make the operation.

Pre-operative Examinlation-.-The patient was studied carefully by three observers
prior to operation, but only such findings will be recorded here as proved of significance
to her post-operative picture.

Eyes.-Pupils were equal, regular, large, and reacted normally to light and to accom-
modation. Extra-ocular movements normal. No strabismus, ptosis or enophthalmus.
Ophthalmoscopic examination showed sharply-outlined discs and unusually small arteries,
in places being almost thread-like. The calibre of the retinal vessels was equal on the
two sides.
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Peripheral Pulses.-Various observers noted periodic fluctuations in the amplitude
of her peripheral pulses. One examiner made the following note. "Her radial and ulnar
pulses are equal and full on the two sides, though from time to time their intensity varies
considerably. The femoral, popliteal and posterior tibial pulses were palpable on both
sides, though the posterior tibial was felt with difficulty on the right. On one occasion
the right posterior tibial was not palpable at all, while on the left it was vigorous. The
dorsalis pedis could not be felt at 4 P.M., April 9, though at 3 P.M. when the patient was
out of bed, Doctor Homans stated that he could feel it readily, and Doctor Royle had felt
it the day before. At g P.M., April I0, the right posterior tibial was again impalpable."

Blood Pressure.-As there was some diversity of opinion concerning her blood pres-
sure readings, they were taken on several occasions, and the same observer found them
to vary from ten to twenty points even when taken in the same limb with patient prone.
This was probably to be associated with the varied intensity of the pulse. There was
also marked discrepancy in her blood pressure as determined in her leg and in her arm.
Thus, on April 9, between 4 and 5 P.M. the following readings were obtained: right arm,
I00/70; 95/60; 90/45; left arm, 90/70, 80/40; 95/50. At 9 P.M., April I0, left leg (pop-
liteal space), I60/I05; I55/1I0; i6o/ioo; right leg (popliteal space), I40/75; I45/&O;
135/78. The arms taken immediately afterward gave the following readings: right arm,
95/60; 90/55; 98/55; left arm, 85/5o on three occasions.

Extremities.-The fingers of the two hands had changed but little since the condi-
tions described in the first entry. The middle three fingers were cold, shiny and stiff,
and during ischaemic spasms looked like tallow candles. Both index fingers showed
marked evidence of atrophy of the terminal phalanx with necrosis of the nail. Pain and
temperature perception was greatly diminished in the terminal phalanges. R was noted
in the feet that any slight manipulation tended to bring on an attack of cyanosis.

Cutaneous temperature readings with thermocouple-and-galvanometer technique were
made of face, trunk and extremities before and on several occasions after operation. These
findings are recorded below in Table I. It will be noted that prior to operation, tem-
perature in corresponding points on the two sides of the body were nearly equal. Thus
the average temperature of five points on the feet was 3I.3 on each side (April ioth).

Reflexes: Biceps, triceps, knee and ankle jerks-were all equal and rather unusually
active. Doctor Royle called our attention to the fact that when the patient sat on the
edge of a table with her legs hanging pendant, the phase of relaxation of the jerk on
each side was somewhat more prolonged than that of a normal individual under the same
circumstances. The biceps jerks also were somewhat slow to relax, and by successive
taps on the tendon at three to four per second the arm became completely flexed at the
elbow, while in a normal individual it was not possible to produce such fusion of separate
tendon responses. Kymographic records were obtained of the knee jerks, but owing to
inaccuracies attendant upon records in which the inertia of the leg must be overcome, the
measurements of duration of the response are of little value. Slow-speed cinematograph
films were also taken of her knee jerks.

Muscular Strentgth.-With an ergometer patient was able to squeeze 25 kilos with her
right hand and 25 to 27 with her left. Power was equal in both lower extremities.

Operation (April II, I927, Doctor Royle and Doctor Horrax).-With the patient
on her back, head rotated to the left, an incision two inches long was made just above
the clavicle at an angle with it of about 45 degrees. On separation of the muscles the
brachial plexus was exposed, and the rami running from the fifth, sixth, seventh and
eighth trunks to the superior cervical ganglion were divided. The rami from the first
thoracic trunk were also divided. The patient was then turned on her left side with her
flank elevated in the "kidney" position. Through a long incision extending from the
costovertebral angle to the anterior superior spine, the latissimus dorsi was divided and
the peritoneum reflected inward. The rami of the second, third, and fourth lumbar
ganglia were then exposed and divided and the lower end of the sympathetic trunk was
also severed.
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Post-operative Coutrse.-Patienit stood the operation well and made a prompt post-
operative recovery. The lumbar rami were sectioned at 3:o7 P.M. Ether was discon-
tinued at 3:15, and at 3:30, Doctor Cushing tested her knee jerks and observed that while
the left was still brisk and prolonged, the right was noticeably brief and difficult to elicit.
At 3 :40 it was noted that the circulation in the right fingers appeared somewhat better
than in the left, and when the finger-nail was pressed color returned in three seconds on
the right and in five seconds on the left. At 3 :4i both posterior tibial pulses were equal
and ample, while immediately before operation the right posterior tibial could scarcely
be felt. At 3:46 blood pressure of right arm was I08/70; left, ioo/6o. At 3:55 inequality
of knee jerks was much more marked than at 3 :40, the right being very difficult to elicit.
The toes of the right foot were much pinker than those of the left. At 4:0I Doctor
Royle demonstrated the difference in "tonus" of the two limbs by placing his hand in the
popliteal space and raising the knee quickly. On the operated side the heel tended to
drag along the operating table. On the normal side a contraction was evoked in quadri-
ceps by the sudden elevation of the leg, and this caused the heel to be raised from the
operating table for one or two seconds before it fell back. This difference between the two
sides was striking and continued to manifest itself throughout her entire stay at the
hospital. At 5:00 P.M. she was taken to the galvanometer room for readings of skin
temperature on the two sides, where it was found that the temperature of her right hand
was of an average of I.5 degrees higher than that of the left. In the feet, however, a
difference of 3.2 degrees was evident just two houtrs after the rami had been cut (left
foot, 31.0°; right foot, 34.2°; average of five positions on each foot).

The reflex changes observed immediately after operation still persisted the next day.
On testing the resting tension of her quadriceps tendon by gently moving the patella
laterally, it was found that the left was much less freely niovable than the right, indicating
a well-marked difference in the resting tonus of the two quadriceps muscles. Patient
complained of weakness in her right arm with pain in her shoulder. As later observation
showed, the weakness and pain of right upper extremity increased for several days and
persisted for three to four months, indicating that some of the roots of her brachial plexus
had been traumatized during the operation, probably by retraction. The upper portion
of her right trapezius and the belly of the supraspinatus muscle underwent noticeable
atrophy, showing that the functional activity of the spinal accessory nerve had also been
impaired. For a month she was able to squeeze only 5 kilos on the ergometer with her
right hand, as compared with 25 to 30 in her left (and 25 in her right before operation).
On June 2 she squeezed I0 kilos with her right hand, on June 22, i6 kilos, and on July
27, 25 to 29 kilos, indicating that by that time her motor power had completely returned.
On September 14 she squeezed 31.5 kilos with her right hand.

Several days after operation it was observed that she had developed a marked right-
sided Horner's syndrome. The right pupil was 2 mm. smaller than the left, the right
globe was less turgid than the left and had sunk noticeably into the orbit. On the 13th
of April there was a difference of 30 in the temperature of her two cheeks, but this
gradually passed off. No difference in the color of her two cheeks was noted on the
record, though it may have existed.

In the preceding notes we have described briefly the immediate effects of the patient's
right-sided cervical and lumbar ramisectomy. She was under daily observation in the
hospital until discharge (April 26, I927), after which she was seen and carefully studied
at intervals of six weeks during the year. She was last seen on March 30, I928. The
findings of particular significance are those which persisted throughout the year, and we
may summarize them as follows:

Circulatory Changes.-The operation of ramisection was carried out primarily to
improve the circulatory condition of the patient's extremities. Subjectively patient is now
unaware of any difference in the temperature of her two upper extremities. She con-
tinues to wear mittens around the house and rejoices now that warm weather has once
more commenced. Her fingers still become periodically blue and purple and are extremely
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tender, especially in the morning on awakening. In her lower extremities, however, she
is conscious of very marked difference in temperature, the right being warmer and more
comfortable. Since her operation she has had no attacks of cyanosis or pallor of her
right foot, but she still continues to have attacks of ischaemia with marked cyanosis in her
left foot five to six times a day, and whenever she sits on the edge of a chair or a table
with her legs hanging pendant. The patient states that at night in bed she can always
feel the difference in temperatuire between her two legs and warms up the left one with
her right. Seven months after the operation she had a small accidental abrasion of her
right inner malleolus which healed without scarring after two weeks.

Objectively (a year after operation) the circulatory condition of the two upper
extremities showed no obvious difference, the color of the right being if anything a little
paler than the left, and the right fingers are stiffer than the left. Radial pulses were equal
on the two sides, but from time to time both varied somewhat in intensity. In her lower
extremities, on the other hand, there is marked difference in color and moisture, the right
being pink and dry, the left usually cyanotic and moist, especially if exposed. When
patient was last seen she had, while sitting on the edge of the bed, a typical ischemic
spasm in the left foot with marked cyanosis and slight pallor at the ends of the toes.
The posterior tibial pulses could be felt on both sides, but were stronger on the right,
especially during the ischaemic attack of the left foot. The dorsalis pedis pulse could not
be felt at all on the left and was just perceptible on the right.

Blood Pressure.-Prior to patient's operation a year ago it was noted that the blood
pressure of the two arms varied and a great difference in pressure was noted between the
arms and the legs. This afternoon the right arm was 95/60, left 90/55; right leg I50/80,
left leg I55/95. All these readings were taken with the patient lying prone with her
clothes off.

TABLE I.

Temperature of Corresponding Points on Two Sides of Body Before and Shortly After Right
Cervical and Lumbar Ramisectomy.

April Io * April iI t April 13 $
Position . .

Right Left Right Left Right Left

Cheek ....................... 32.4 31.4 31.9 29.6 34.4 3I.6
Chest ....................... 34.1 34.4 34.1 33.1 35. I 33. I
Upper arm .................. 32.4 32.1 33 1 31.7 31 .4 29.6
Olecranon .................... 34.2 34 2 34.8 33.6 33 4 32.9

Finger-tips I ................. 29.0 29.5 31.8 31 .I 27.3 27.2
Finger-tips 2 ................. 27.3 27.6 32.0 30.4 27.5 27.6
Finger-tips 3 ............... 26.4 26.3 31.6 30.0 26.3 26.5
Finger-tips 4 ................. 26.5 26.o 31.8 29.6 26. 27.3
Finger-tips 5 .. ............... 26.3 26.6 31.6 29.5 27.2 28.0
Palm ....................... 32.9 32.8 33.6 33.4 29.1 3I .4
Dorsum hand ................. 30.6 29.8 32.4 32.0 29.0 29.7

Knee ....................... 34.2 33.9 33.3 31.3 33.5 3I.2
Instep ....................... 31.2 31.8 33.5 30.7 33.5 29.3
Inner malleolus ............... 32.3 32.8 34.7 32.4 34.3 30.6
Outermalleolus ............... 32.1 31.8 33.8 31.7 33.7 29.4
Dorsum foot.- - 34.5 30.4 34 4 28.9
Great toe .................... 30.8 30.3 34.5 29.6 34.7 27.9

* April I0, 1927, 24 hours before operation.
Two hours after operation.
Corresponding determinations were also made on April 20 and 26, with substantially the same results
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Cutaneous Temperature.*-Prior to operation the temperatures of corresponding points
on the two upper and the two lower extremities were approximately equal. Within
two hours after operation there was a slight difference in the temperature of the two
hands and a marked difference in the two feet. Illustrative values from a large number
of consistent readings before and shortly after operation are given in Table I.

The following observations on skin temperature made a year after operation may be
given as recorded in her clinical history.

TABLE II.
Showing Approximate Equality in Temperature (in Degree Centigrade) of Corresponding

Points on Two Sides of Body After Patient Had Been Covered for One Hour
(March 30, 1928).

Position Right Left Difference t

Forehead ........................................ 33.5 33.8 0.3 L
Temple......................................... 34.2 34.8 o.6 L
Cheek......................................... 35.3 35.5 0.2 L
Clavicle ......................................... 34.9 34.6 0.3 R
Chest .......................................... 35.3 35 5 0.2 L

Upper arm (dorsum) ............. ................. 34.0 34.0 0.0
Olecranon ....................................... 35.4 35.5 o. I L
Vena cubiti ...................................... 34.5 34.6 o. I L
Lower arm (dorsum) ............. ................. 34.4 34.6 0.2 L

Finger-tips I ..................................... 32.2 32. I °. I R
Finger-tips 2 ................................... 31.8 30.8 i.O R
Finger-tips 3 .......... 30.8 30.2 o.6 R
Finger-tips4 .......... 30.7 30.1 .6 R
Finger-tips 5 ...........3 ..9 ............. 30.2 1.7 R

Thenar .......... 33.7 33.7 0.0
Hypothenar .......... 34.9 34.8 o. I L
Palm......................................... 35.0 34.8 0.2 R
Dorsum of hand ................................... 33.6 33.4 0.2 R
Knuckles i ...................................... 33.4 33.8 0.4 L
Knuckles 2 ...................................... 32.9 32.7 0.2 R
Knuckles 3 .......... 32.5 33.0 0.5 L

Knee .......... 33.5 33.4 o. I R
Calf .......... 35.4 34.9 0.5 R
Inner malleolus .......... 34.2 33.7 0.5 R
Outermalleolus .......... 34.4 34.3 o. i R
Dorsum of foot . .................................. 33.5 32.8 o.6 R
Instep ......................................... 34.1 33.9 0.2 R
Toes i .......................................... 34.3 33.8 o.5 R
Toes 2 .......... ................................ 34.4 33.8 o.6 R
Toes 3 .. 34.2 33.6 i.6 R
Toes 4 .......................................... 33.5 32.7 o.8 R
Toes 5 .......................................... 32.5 32.6 O. I L

March 30, I928. Patient came to hospital this afternoon at I :3o and was imme-
diately put to bed, clad in a hospital nightgown, in the galvanometer room. The room

* All determinations were made with the thermocouple recently introduced by F. G.
Benedict (I928) for study of skin temperatures. Readings can be made within six sec-
onds of the time the metal junction is placed on a given area of skin. The apparatus was
loaned to the hospital by the Carnegie Nutrition Laboratory, and I wish to record my
indebtedness to Doctor Benedict.for his.personal supervision of the early observation and
for his generous criticism of results.

t R.= right higher than left: L.= left higher than right.
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temperature at that time was 260 (Centigrade), and she was well covered and directed
to keep her arms and legs under the bed clothes for an hour. She was watched through
a window, and cooperated admirably. Skin temperatures were made by means of the
Benedict thermocouple, as were previous determinations, and full precautions were taken
to insure accurate readings of standard temperatures and equal exposure of all correspond-
ing points which were recorded on patient's body. Readings were always made from

TABLE III.

Showing Difference in Temperature of Corresponding Points on Two Sides of Body After
Alcohol Rub and Exposure to Room Temperature (250) for Ten Minutes.

Position Right Left Difference

Forehead ......334 34 5 i.i R
Temple .33.7 34.1 0.4 L

Cheek.34.6 35.1 o.5 L
Clavicle .34 34.1 34.3 0.2 L
Chest . 3 35.3 34.8 0.5 R

Upper arm. 32.0 31.0 I.O R
Venacubiti . 33.7 34.0 0.3 L
Olecranon .34.0 34.3 0.3 L

Finger-tips I..................................... 32.9 32.2 0.7 R
Finger-tips2...................................... 3I.7 28.3 3.4 R
Finger-tips 3..................................... 29.0 28.3 0.7 R
Finger-tips 4..................................... 29.5 29.8 0.3 L
Finger-tips 5..................................... 30.3 29.9 0.4 R

Thenar .32.8 33.1 0.3 L
Hypothenar .32.9 33.3 0.4 L

Palm.33.8 34.8 o.I L
Dorsum of hand .................................. 32.5 32.8 0.3 L
Knuckles i ...................................... 32.2 33.4 1.2 L
Knuckles 2 ...................................... 32.8 32.2 o.6 R
Knuckles 3 ...................................... 32.7 32.2 o.5 R

Knee........................................ 30.8 30.2 o.6 R
Shin.32.5 31.9 o.6 R
Calf.34.4 33.6 o.8 R

Inner malleolus. 31.I 31.0 0O.I R
Outer malleolus ... 31.4 30.2 1.2 R
Dorsum of foot ................................... 32.8 30.4 2.4 R
Instep ........................................ 33.5 32.2 1 .3 R
Toes i .......................................... 33.8 33.0 o.8 R
Toes2 ........................................... 31.9 30.0 I.9 R
Toes 3 .......................................... 31.8 29.0 2.8 R
Toes 4 .......................................... 31.9 28.6 3.3 R
Toes 5 .......................................... 33.3 28.3 5.o R

right to left; that is, a point selected for measurement on the right cheek was imme-
diately followed within twenty seconds by readings from a corresponding point on the
left cheek.

Observation I.-After patient had been well covered for an hour, readings were
taken at corresponding points on the two sides of her body, as indicated in the above
table. Each point was uncovered just before the reading was made, and it was observed
that a fall of as much as .5° C. might occur within one minute after a given point was
exposed. In reading the successive finger-tips, those of the fifth finger, being last read,
were colder than those of the first since they had been exposed for a somewhat longer
time; but each corresponding finger on the two sides had beeni exposed for approximately
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the same length of time when the reading was made. Because of the tenderness of
patient's fingers and toes, it was found impracticable to obtain such readings from beneath
the bed clothes. The absolute values obtained for a given point are indicated in Table II,
the actual figures having been calculated after the observations were made.

The determinations in Table II were made between 2:35 and 3 :00 P.M. It is perhaps
worthy of note that points on face, bodv and upper arm are almost exactly equal, while
the finger-tips on the right are on an average .8 of a degree warmer than those on the
left. Similarly the temperatures of the right foot are slightly greater than those of the
left, even though patient had been covered for an hour.

Observation 2.-In order to determine which side was most affected by artificially
induced heat loss, patient's arms and legs were given an alcohol rub for five minutes and
she was then permitted to lie exposed to room temperature for ten minutes (room tempera-
ture 25' C.), and then the following series of observations were taken. It is worthy of
note that when these observations were commenced the left lower extremity was slightly
cyanotic, while the right continued pink.

The readings given in Table III indicate that after equal exposure of the two sides
the fingers of the right hand tend to be very slightly warmer and the toes of the right
foot very markedly warmer than those of the left. It is interesting that the difference in
temperature of the toes is more marked for the outer toes than for the inner; correspond-
ing points on the feet other than the toes show similar difference.

Observation 3.-Patient lay prone and quiet during the first two observations. At
3 :45 she was permitted to sit up on the edge of the bed so that her feet hung pendant.
Five minutes later an attack of cyanosis was evident in her left foot, and in view of this
readings were again taken on the toes of the two feet. In Table IV the results of these
observations are given. It will be seen that there was an average of 30 C. difference in
the temperature of the two toes at this time, and the color difference was striking. This
completed the series of thermal observations, the last being taken at 4:IO P.M.

TABLE IV.
Temperatures of the Toes During an Attack of Ischemia of Left Foot.

Position Right Left Difference

Toes I .......................................... 30.1 26.6 3.5 R
ToeS 2 .......................................... 27.7 24 9 2.8 R
Toes 3 .......................................... 28.2 25.1 3.I R
Toes 4 .......................................... 28.0 25.0 3.OR
Toes 5 .......................................... 30.8 25.6 5.2 R

"Ball" offOOt .................................... 31.0 28.4 2.6 R

The other changes in the case which have persisted since operation may now
be mentioned.

Horner's Syndrome.-The right pupil has continued about I-2 mm. smaller than the
left throughout the year. A slight difference in size of the two palpebral fissures is still
noticeable but enophthalmos on the right has almost entirely vanished. Except at the
beginning there has been no obvious difference in the temperature of the two sides of the
face, nor has there been any difference in color. On July 27, I927, the following note was
made concerning her fundi. "Careful examination showed clearly-defined disc margins
and normal physiological cupping. It is quite evident, however, that there were more
small arteries crossing the fundus on the left side than there were crossing the right
fundus. One gained the impression that the retinal arteries on the right side were some-
what larger than those on the left." Examination a year after operation showed that
this was still true, the difference being still marked, especially as regards the veins.
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In passing, we may note that the difference in size of the retinal vessels is a feature of
sympathetic paralysis to which Horner (I869) called attention in his original description
of the syndrome. The present case is of interest from the anatomical standpoint because
only the first dorsal ramus was severed. The symptoms were definitely less marked than
in cases of complete sympathetic paralysis. The pupillary constriction was perhaps as much
as one would anticipate in a case of complete paralysis, but the enophthalmos was less
marked and less persistent and there was no obvious vasomotor change in the face. This
suggests that in this instance at least the control of the iris comes chiefly from the first
thoracic ramus, and that the vasomotor control of face and conjunctivae, normally asso-
ciated with the Horner syndrome, comes from rami lower down.

Sensory Disturbantces.-While taking blood pressure (March 30, 1928) it was noted
that compression of the right leg was much more painful to the patient than compression
of the left. She remarked that since her operation the right leg had continued to be rather
"tingly" and somewhat more sensitive and hyperxesthetic to touch than the left. She
also. remarked upon this when I was testing her knee jerk, the right patella seeming much
more tender to her than the left. Such hyperaesthesia may be in some way associated
with disturbance of peripheral circulation resulting from ramisectomy.

Another interesting sensory phenomenon is that all operative incisions have remained
markedly hyperaesthetic, even though healing occurred per primamn. The cicatrix of her
periarterial incision is still exquisitely tender. This is also true of her cervical incision,
but less so of her lumbar. I have no explanation to offer for this rather striking fact.

Reflex Changes.-Recent discussion concerning the relation of the sympathetic system
to functional activity of skeletal muscle renders the reflex changes observed in this case
interesting and important. Twenty-three minutes after the lumbar rami were severed
(when the first examination of her reflexes could be made) there was an obvious differ-
ence in the character and briskness of the patient's knee jerks which, immediately before
operation, had been, as far as we could determine, identical. The depression of the knee
jerk on the operated side, though it became less marked with the lapse of time, persisted
for a year after the operation, and it is still noticeable. When the patient lies prone and
the resting tension of quadriceps is tested by moving the patella laterally, it is obvious that
the quadriceps on the operated side is under considerably less resting tension than on the
normal side. This difference was evident even during sleep. The difference in the physio-
logical condition of the muscles on the two sides was brought out very strikingly in the
following way. When the patient was placed on a table so that her legs hung pendant, the
right knee jerk, though less brisk than the left, was followed by seven or eight pendulous
swings of the leg before coming to rest, while on the left side the jerks, though more
ample, caused the leg to swing only two or three times before coming to complete rest.
The relaxation on the left continues to be much slower than on the right. This difference
between the two sides has been observed on at least twenty occasions since her operation.
Moreover, when, instead of eliciting the knee jerk, the legs were lifted to a horizontal
position and released suddenly, the patient's attention being at the time otherwise occu-
pied, the right limb swung ten or twelve times before coming to rest, while the left was
quiet after four or five swings. These differences have diminished slightly during the
course of the year, but are still marked.

Immediately after operation the right ankle jerk was less brisk than the left; this
difference has also persisted and is quite as striking as the knee jerk. It is difficult,
however, to know whether there is less resting tension in the right gastrocnemius muscle
than the left, for there is nothing corresponding to the patella with which to measure the
resistance to previously imposed lateral deviation.

In the upper extremity the existence of a post-operative brachial neuritis for three or
four months after the operation rendered comparative observations upon the biceps and
triceps jerks of little value. However, after her motor power had completely recovered,
as was evident on July 27, I927, the right biceps jerks have continued during the year to
be less brisk than the left, and this was true also of the response to triceps.

837



JOHN F. FULTON

DISCUSSION

The Relation of the Sympathetic Nerves to Mluscle Tonus.-Liddell and
Sherrington (I924, I925) have given reasons for believing that the stretch
reflex is the mechanism by which the tonus of skeletal muscle is maintained.
In another paper the present writer (I928a) has offered clinical evidence
pointing in the same direction. Since the knee and ankle jerks are fractional
manifestations of the stretch reflex, they serve as indices of the tonic condi-
tion of the muscle from whose tendon they are elicited.* One may conclude,
therefore, from the diminished knee jerk following immediately upon sym-
pathectomy that the tonus of the quadriceps has been notably diminished in
this case as a result of the operation. The greater tendency of the right leg
to swing when hanging pendant, and the relative flaccidity of the right patella
give further evidence of the same thing.

The fact that sympathectomy leads to a diminution in tonus of human
beings is important and calls for comment. The same phenomenon has been
observed repeatedly in well-controlled observations upon animals, notably by
Kuntz and Kerper (I926), and also in man by Kuntz (I927). It is to be
noted, however, that tonus though diminished is not completcly absent, which
is true also of spastic cases following ramisectomy (Royle, I924; Steele,
I927). This in my opinion definitely precludes the theory that the sympa-
thetic system governs muscle tonus. One might suggest that sympathectomy
causes an increase in the threshold of the stretch reflex. Reasons have been
offered elsewhere for looking upon the muscle spindles as the chief afferent
end-organs of the stretch reflex (Fulton, I926, I928a). But alteration of
the innervation of muscle-spindle's intrafusal fibres cannot well be invoked
to explain the reflex changes following upon ramisectomy, since Hinsey
(I927) and Hines and Tower (I928) have recently proved that the intra-
fusal fibres receive somatic innervation, and not sympathetic as some have
supposed. Consequently some secondary factor such as altered blood supply
or, less likely, the interruption of accessory sympathetic fibres which are sup-
posed to supply skeletal muscle fibres, may play a r6le in producing this
result. This interpretation, moreover, does not require the postulation of a
vague dual mechanism of muscular activity, and it is compatible with the
view, well supported experimentally, that the stretch reflex is responsible for
the maintenance of muscle tonus.

Circulatory Changes.-It is commonly believed that the circulatory alter-
ations which follow upon sympathectomy gradually become compensated (see
'Lewis, I927). In the present case, however, there has been very slight change
in the circulatory condition of the right foot during the year; in fact the foot
is about the same now as it was two hours after ramisectomy. The clinical
condition of her hands was little affected by the operation although there has

* This generalization cannot be applied unrestrictedly, for in the spinal animal knee
jerks may be present in a relatively atonic muscle. This is a somewhat special case, dis-
cussed at length elsewhere (1926, Chs. XI and XXI), and does not affect the pres-
ent argument.
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been a slight and probably significant elevation of temperature of the right
hand. The ischkemic process had evidently progressed so far on that side that
removal of the sympathetic fibres was without effect. This is perhaps not sur-
prising in an advanced case of Raynaud's disease, since in such instances the
capillary walls become constricted (Lewis, I927, p. 283) and probably fibrosed
beyond repair.

The fluctuation in the blood pressure and pulse of the present case is
worthy of note. On several occasions the posterior tibial pulse seemed to
disappear while being palpated, and its failure ushered in an attack of cyanosis
of the foot. Doctor Homans' observation that the radial artery became pulse-
less during manipulation is also significant. All these facts strongly suggest
that the vascular spasm in Raynaud's disease involves the great vessels of the
extremities as well as the small. The capillary fibrosis which eventually occurs
is probably a secondary result of longstanding ischxmia.

The fact that ramisectomy has led to definite improvement in an extremity
which had only lately become involved by the ischaemic process strongly
favors the view, well supported on other grounds, that Raynaud's disease is
due primarily to instability of the sympathetic vasoconstrictor centres of the
extremities. Whether such factors as a constitutional tendency to abnormal
agglutination of corpuscles in the peripheral capillaries* (Iwai and Meisai,
I925, I926) also operate in the production of Raynaud's disease, must be left
open. In view of the well-recognized fact that emotional disturbances tend
to aggravate the symptoms in cases of Raynaud's disease, it is difficult to
believe that the malady is due primarily to a defective melieu of the corpuscles.
But the improvement following ramisectomy is not a logical objection to the

* Iwai and Meisai (1925) found that citrated blood of a patient with Raynaud's dis-
ease invariably clots if allowed to stand in a water-bath at o° C. for ten minutes, the
clotting taking place no matter how vigorously the receptacle was shaken. On again
warming to 310 C. or higher the clot so formed redissolves. The patient's serum acted
equally well on the patient's own corpuscles washed with normal saline and on the washed
corpuscles of any other normal individual in a dilution of i-i,ooo, but if agglutination
were allowed to take place and the supernatant serum removed, it was found no longer
to have any agglutinating action on the patient's cells or those of a normal control. If
erythrocytes, after agglutination with patient's serum, were washed three times with nor-
mal saline at a low temperature and then with saline at 330 C., the last washing still
showed the agglutinating power of the original serum. To prove that this reaction might
take place equally well in a capillary vessel, the blood was run through a fine capillary loop
warmed in a water bath. This it did with ease until the tube was cooled when agglutina-
tion and plugging of the tube took place, the agglutination being such as to show in the
tube areas of closely clumped corpuscles separated by areas of clear serum. On warming,
the corpuscles re-dissociated and the flow of blood was restored. The same phenomenon
was seen in the capillaries of the patient by focusing a microscope on the patient's cornea
and bathing it with saline cooled to IO1 C., the agglutination being accompanied by pain.
Further to prove the theory that lozwering of the temperature alone caused the symptoms
of the disease, a piece of ice was placed on various parts of the patient long enough to
obtain a lowered temperature in each part tested. All regions of the body (e.g., the
abdomen) gave the typical picture of cyanosis and pallor so characteristic of the malady
as observed in the extremities. This work has since been further confirmed by similar
experiments by the same investigators on another case of Raynaud's disease (I926).
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hypothesis of the Japanese workers, since increase in diameter of the periph-
eral vessels following constrictor paralysis would offset an abnormal tendency
toward intravascular agglutination. The view of Iwai and Meisai suggests
that Raynaud's disease and the Buerger's syndrome have much more in com-
mon than has previously been supposed.

Many fresh problems concerning the vasomotor control of the skin have
been opened by the publication of Sir Thomas Lewis's monograph (I927)
on the cutaneous blood-vessels, and this case has been analyzed as far as pos-
sible in the new light of his stimulating investigation. One must, however,
await the study of further cases of Raynaud's disease before it will be possible
to consider the relation of this malady to the broader problems of the normal
cutaneous circulation.

SUMMARY

A case of Raynaud's disease is described in which ischaemic symptoms of
the four extremities were equally advanced on the two sides of the body. A
right-sided cervical and lumbar ramisectomy was carried out, and immediately
after the operation all deep reflexes, which before had been equal, were
markedly depressed on the operated side. In the right lower extremity the pulse
became more full and the right foot 30 (C.) warmer than the left. There
was also a right-sided Horner's syndrome.

The patient has been carefully followed for a year and the altered reflexes,
Horner's syndrome and thermal differences have persisted during that period.
She has had no further symptoms of ischaemia in her right foot, but her right
hand was not obviously benefited by the operation. There has also been a
permanent and well-marked diminution of the resting tonus of her right lower
extremity since the operation.

BIBLIOGRAPHY

Adrian, E. D.: Muscular Tone and the Sympathetic System. Med. Sci. Abstr. & Rev.,
vol. ii, pp. 454-556, i92o.

Adson, A. W.: Surgical Relief of Raynaud's Disease and Other Vascular Disturbances
by Sympathetic Ganglionectomy and Perivascular Neurectomy. Ann. Clin. Med., vol.
v, pp. I6I-I67, August, I926.

Adson, A. W., and Brown, G. E.: Treatment of Raynaud's Disease by Lumbar Rami-
section and Ganglionectomy and Perivascular Sympathetic Neurectomy of the Com-
mon Iliacs. J. A. M. A., vol. lxxxiv, pp. I908-i9I0, June 20, I925.

Barker, L. F.: Two Patients Suffering from Raynaud's Disease. Inter. Clinics, vol.
iv, pp. 72-82, December, I925.

Benedict, F. G.: Measurement of Skin Temperatures of Humans. Jour. de path. gen.,
I928. (In Press.)

Brown, G. E.: Physiologic Studies on the Vasomotor Changes After Lumbar Sympa-
thetic Ganglionectomy and Perivascular Neurectomy. Ann. Clin. Med., vol. v, pp.
i68-175, August, I926.

Brown, G. E.: The Treatment of Peripheral Vascular Disturbances of the Extremities.
J. A. M. A., vol. lxxxvii, PP. 379-383, August 7, 1926.

Brown, G. E., and Adson, A. W.: Calorimetric Studies of the Extremities Following
Lumbar Sympathetic Ramisection and Ganglionectomy. Am. J. Med. Sci., vol. clxx,
pp. 232-240, August, I925.

840



RAMISECTOMY IN RAYNAUD'S DISEASE

Buerger, L.: The Circulatory Disturbances of the Extremities Including Gangrene,
Vasomotor and Trophic Disorders. Philadelphia: Saunders Co., 1924, xiii + 628 pp.

Cobb, S.: Review on the Tonus of Skeletal Muscle. Physiol. Rev., vol. v, pp. 518-
550, 1925.

Cushing, H.: Treatment by the Tourniquet to Counteract the Vasomotor Spasm of
Raynaud's Disease. Jour. Nerv. and Ment. Dis., November, 1902.

Davis, L., and Kanavel, A. B.: Sympathectomy in Raynaud's Disease, Erythromelalgia,
and Other Vascular Diseases of the Extremities. Surg., Gyn. and Obstet., vol. xlii,
pp. 729-742, June, I926.

Forbes, A., Cannon, W. B., O'Connor, J., Hopkins, A. M., and Miller, R. H.: Observa-
tions on Muscular Rigidity With and Without Sympathetic Innervation. Arch. Surg.,
vol. xiii, pp. 303-328, I926.

Fulton, J. F.: Muscular Contraction and the Reflex Control of Movement. Baltimore:
The Williams and Wilkins Co., 1926, xv + 644 pp.

Fulton, J. F.: A Note Concerning the Probable Function of Various Afferent End-
organs in Skeletal Muscle. Amer. Jour. Physiol., vol. lxxxiii, pp. 554-562, Jan-
uary, I928a.

Fulton, J. F.: Observations Upon Certain Spinal Reflexes of Man, and Their Relation
to the Tonus of Skeletal Muscle. Jour. Nerv. & Ment. Dis., I928b (In Press).

Hines, M., and Tower, S. S.: Studies on the Innervation of Skeletal Muscles. II. Of
Muscle Spindles in Certain Muscles of the Kitten. Bull. Johns Hopkins Hosp.,
vol. xlii, pp. 264-308, May, I928.

Hinsey, J. C.: Some Observations on the Innervation of Skeletal Muscle of the Cat.
Jour. Comp. Neurol., vol. vi, p. III, 1927.

Iwai, S., and Meisai, N.: Etiology of Raynaud's Disease (a Preliminary Report).
Japan Med. World, vol. v, pp. I19-I2I, May, I925.

Iwai, S., and Meisai, N.: Etiology of Ravnaud's Disease. Japan Med. World, vol. vi,
pp. 345-347, December, I926.

Kuntz, A.: Tonus Measurements on Quadriceps Femoris Muscles in Man Before and
After Lumbar Sympathectomy. Proc. Soc. Exper. Biol. & Med., vol. xxiv, pp.
318-329, January, 1927.

Kuntz A., and Kerper, A. H.: An Experimental Study of Tonus in Skeletal Muscles
as Related to the Sympathetic Nervous -System. Amer. Jour. Physiol., vol. lxxvi,
pp. I21-144, I926.

Lewis, Sir Thomas: The Blood-vessels of the Human Skin and Their Responses. Lon-
don: Shaw, I927, xv + 322 pp.

Liddell, E. G. T., and Sherrington, C. S.: Reflexes in Response to Stretch (Myotatic
Reflexes). Proc. Roy. Soc., vol. xcviB, pp. 212-242, I924.

Liddell, E. G. T., and Sherrington, C. S.: Further Observations on Myotatic Reflexes.
Proc. Roy. Soc., vol. xcviiB, pp. 267-283, 1925.

Raynaud, A. G. M.: De l'asphyxie locale et de la gangrene symetrique des extremites.
Paris: Regnoux, I862, I77 pp. See also Arch. gen. de Med., vol. ii, pp. 5-I89, I874.
(Both papers are translated in the New Sydenham Society publications: "Selected
Monographs", i888.)

Royle, N. D.: The Treatment of Spastic Paralysis by Sympathetic Ramisection. Experi-
mental Basis and Clinical Results. Surg., Gyn. and Obstet., vol. xxxix, pp. 701-
720, I924.

Royle, N. D.: Communication to Australian Medical Congress, February, 1927. (To
be published in Austral. Med. Jour.)

Stewart, S. F.: End Results of Ramisection in Spastic Paralysis. Jour. Bone and Joint
Surg., vol. ix, pp. 724-732, October, I927.

Stewart, S. F.: Thesis for American Orthopaedic Association, 1928 (In Press).

841


