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During the past fifteen years considerable at-
tention has been paid to the physiology of the
capillary and venous side of the circulation. It
is now believed by many workers that capillaries
possess tone and that they are able to constrict
and dilate actively in response to either local or
nervous stimuli (1, 2, 3, 4). Although the veins
have not been as thoroughly studied, there is con-
siderable evidence indicating that in certain re-
gions, notably the skin and the splanchnic area, a
similar situation exists (5, 6). As a result of
these advances in our knowledge, the true im-
portance of the veins and capillaries in many cir-
culatory phenomena is gradually being appreciated
(4, 7, 8).

In man there are relatively few methods of
measuring the tone of these vessels and most of
those available can be applied only to a very small
area or to a single vessel. While investigating
the blood flow in the hand (9), using the ple-
thysmographic method of Hewlett and Van
Zwaluwenburg (10, 11) as modified by Freeman'
(12), a means was found for measuring tone and
reflex vasoconstriction in the capillaries and veins
of the whole hand. Because of the probable im-
portance of such measurements in certain dis-
eased states, the present study was undertaken.

Lewis (1) has shown by a variety of methods
that the minute vessels of the hand actively con-
strict in response to adrenalin and cold, and ac-
tively dilate in response to heat and inadequate
blood flow. He has also observed, as is common
knowledge, ttat, grossly, the large veins of the
hand and arm dilate with heat and constrict with
cold. He found that the minute vessels of the
arm are capable of withstanding a pressure of

1 I am indebted to Dr. N. E. Freeman of the Massa-
chusetts General Hospital for generously providing me
with the plans of his apparatus.

100 mm. Hg if previously constricted, and are
able to contract actively against a pressure of 60
mm. Hg.

It is known that when a blood pressure cuff is
applied to the forearm at a pressure above that in
the veins but below that in the arteries, the vol-
ume of the hand is found to increase at a rapid
rate for 15 to 30 seconds and then much more
slowly for an indefinite period of time. Drury
and Jones (13) and Lewis (1) state, as seems
obvious, that the first phase is due to collection of
blood in the minute vessels and veins, and ends
when the pressure in them is equal to the cuff
pressure. Lewis (14) has shown by direct meas-
urement that the venous pressure under these cir-
cumstances equals the cuff pressure in 15 to 30
seconds. The second phase, they believe, is due
either to stretching of the vessel walls or to over-
coming the muscle tone present, and to the pro-
duction of tissue fluid. Therefore, it can be as-
sumed that the rapid initial increase in hand
volume produced by a pressure cuff at the wrist
is a measure of the additional quantity of blood
present in the minute vessels and veins or of the
increase in their capacity as a result of the in-
crease in venous pressure.

The specific vessels involved in this increase in
volume will depend on the cuff pressure and the
previously existing pressure in different parts of
the capillary-venous system. Landis (15) has
found by direct measurements that the normal
pressure in man in the venous end of the capillary
loop varies between 6 and 19 mm. Hg. During
hyperemia, however, he found the pressure to be
42 to 51 mm. Hg. It is therefore evident that a
cuff pressure of 20 or 30 mm. Hg will sometimes
cause a rise in the intravascular pressure of the
veins, venules and capillaries and at other times
will affect the veins alone. Since it was not feasi-
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ble in this investigation to determine whether, in
a given experiment, the pressure changes occurred
in the veins alone or in the venules and capillaries
as well, no attempt has been made to distinguish
the type of vessels affected. For convenience, the
term venous or veins should be understood to in-
clude the veins, venules and capillaries as the case
demands, or in other words, those vessels in which
the intravascular pressure has been changed.

In the course of an investigation when actual
measurements of the increase in hand volume due
to different cuff pressures were made, they were
found to be fairly constant under controlled con-
ditions (9). Furthermore, they showed charac-
teristic variations with such factors as tempera-
ture. This suggested that the relationship of
increase in volume to increase in cuff lpressure, or
in other words the relationshil) of the increment
of venous volume to that of intravascular pres-
sure, might be used to measure the elasticity and
possibly the tone of the venious systemii of the hanid.
Clark (16) has actually miiade such determina-
tions with a method similar to the onie used in the
present investigation. She concluded that elas-
ticity increases with age. However, she did not
make determinations in relation to temperature or
other factors which might alter the tonus of the
vessels.

It is not within the scope of this paper to dis-
cuss the difficult subjects of elasticity and tonus
in smooth muscle. Only a few relevant facts will
be mentioned. Evans (17) in a recent review
of the subject, defines tonlus as the " resistance
to stretch." This definition has been followed
throughout.2

Evans also states that it is generally agreed that
cold increases and heat decreases the tone of
smooth muscle. MacWilliams (18) and Kesson
(19) have experimentally measured the elastic

properties of mammalian smooth muscle taken
from many sources, including arteries, in such a
way as to be applicable to the present study.
They carried out experiments with both strips of

2 It is recognized that the term "tonus," as used in
this paper, includes the resistanice to stretch of not only
the muscular elements, but also of the elastic tissue ele-
ments of the vessel walls. These two factors are sep-
arable only in those experiments where rapid reflex
changes in tone occur, since nervous stimulation can only
affect muscle tissue.

muscle and intact hollow viscera. Measurements
were made of the increase in length or volume in
response to equal increments respectively of
stretch or pressure. Relaxed muscle showed de-
creasing increments of stretch with increase in the
stretching force. Contracted muscle showed in-
creasing increments of stretch up to a maximum,
and then decreasing increments as the stretching
force was increased.

Application of these facts to the subject in lhanid
results in the conclusion that, other factors being
constant, the less the increment of hand volume
with a given low cuff pressure, the greater m11ust
be the tonus of the veins providing that they are
not rigid from disease. Furthermore, if we ac-
cept MacWilliams' and Kesson's finding-s, increas-
ing the cuff pressure by equal amounits should
give increasing increments of hand volume at first
if the tone of the vessels is marked, and decreas-
ing incremlents if the veins are relaxed. F indings
of this nature were actually observed.

TABLE I

Norm-lal suibjects

Decrease
in volume

Increment of hand volume obtained with
by raising cuff pressure from pinch.

0 to 20 mm. Hg Cuff pres-
sure 20

mm. Hg

Pa- Handi
tient Sex Age Vol- Withume Without leg heater le Wi

hetr Without

heater
Temperature of plethysmograph (° C.)

230 300 420 300 3(0

cc. per cc. per cc. per cc. per cc. per
years cc. liter of liter of liter of liter of liter of

. hand hand hand hand hand
volume volume volume volume volume

F.H. F 28 260 2.1 7.3 13.8 6.2
G.B. M 50 510 0.1 0.4 4.2 0
R.S. F 36 220 2.7 8.0 9.3 10.8 0.9
G.T. F 35 330 4.8 10.5 6.8 1.0
S.M. F 18 200 1.9 3.8 5.4 2.8
E.F. M 29 410 2.3 4.5 3.0 3.0

METHOD

The apparatus used has been fully described by Free-
man (12) in his paper on the measurement of blood flow.
Briefly, it consisted of an insulated plethysmograph large
enough to hold the hand up to wrist. A special cuff made
of dentists' rubber dam was attached to the wrist with
rubber cement in such a way that practically no pressure
was exerted onl the veins. This was checked in every
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experiment by determining at a suitable time the least
cuff pressure necessary to produce. an increase in hand
volume. Direct measurements of venous pressure
showed that this was a reliable method if done when the
veins were relaxed. The rubber dam covered the open
end of the plethysmograph and was made water tight
with a metal ring. In order to prevent bulging of the
rubber a piece of thick felt was fitted around the wrist
and held in place by two iris diaphragms. The plethys-
mograph was fitted with an electric stirrer, a thermom-
eter and an electric heater, and filled with water nearly
to the top. By air conduction through small pressure
tubing, volume changes were transmitted to a 10 cc.
Brodie's bellows which wrote, along with a time marker,
on a smoked drum. Around the wrist just proximal to
the ulnar styloid a blood pressure cuff one and one-half
inch wide was placed. This was connected to a large
pressure bottle and mercury manometer so that it could
be suddenly inflated and deflated to any desired pressure.
The Brodie's bellows was standardized before each ex-
periment by putting 1, 2, 3, and 4 cc. of air into the
system and drawing a horizontal line representing each
amount all around the kymograph paper. The total
hand volume was determined by measuring the displace-
ment volume in the plethysmograph. From this the vol-e
ume changes were calculated for each liter of hand
volume.

While carrying out experiments the patient was always
horizontal or nearly so, and in a comfortable position.
Little difficulty was encountered from movements of the
arm, and when they did occur they were readily recog-
nized as such on the tracing. The temperature of the
room was usually between 210 and 230 C. and constant
within 10. Emotional distractions and noise were ex-
cluded as much as possible.

Routinely, the plethysmograph temperature was started
at 220 to 230 C. and readings taken here and at 30° and
42° C. In many cases readings were also made at 360.
At each temperature, determinations of blood flow were
made at frequent intervals until a constant level was
reached. This usually took from 20 to 30 minutes, the
longest time being required at the lowest and at the
highest temperature. This was done as described by
Freeman (12) by inflating the cuff to a pressure of
about 60 mm. Hg and taking a short tracing of the rate
of increase of hand volume.

When the blood flow had become constant the tone
of the veins was measured by determining the increase
in volume of the hand produced by a cuff pressure of
10 mm. Hg. The cuff pressure was then increased by
consecutive amounts of 10 mm. Hg up to 40 or 50 mm.
Hg, and the change in hand volume found at each pres-
sure. About 15 to 20 seconds were allowed at each pres-
sure for a relatively constant volume level to be reached.
This procedure was always repeated three or more times
and the results averaged. The increments in volume
were then calculated in cubic centimeters per liter of
total hand volume, and plotted against the increments
in cuff pressure. Since it was found that the volume in-

crease occurring when the cuff was raised to 20 mm. Hg
was also an index of the tone of the vessels, it was fre-
quently determined because this procedure took little
time and produced little change in the experimental con-
ditions.

In order to measure the reflex reaction of the minute
vessels and veins to a painful stimulus, the patient was
pinched. It was, of course, realized that there are many
variable factors in a stimulus of this sort, but the results
proved to be reasonably constant. The pinch was per-
formed on the upper arm of the hand being studied, as
it was found that it made no difference which arm was
stimulated. An attempt was made to give as uniform a
stimulus as possible. Several such tests were usually
made and the greatest change in volume taken. The
test was done by raising the cuff pressure to 20 mm. Hg
and obtaining a constant level of hand volume. The
patient was then pinched and with the cuff at the same
pressure constantly, the hand volume recorded until the
reaction was over. Evidence will be offered later in
this paper showing that the decrease in volume recorded
in such experiments is due primarily to constriction of
the veins and minute vessels. Similar experiments were
carried out in many instances with cuff pressures, vary-
ing from 0 to 80 mm. Hg.

At each temperature determinations of blood flow
were made before and after each procedure. The re-
sponse of the blood flow to pinch was always measured.
Besides the variations in temperature, the effect of heat-
ing the leg in a special hot air heater was frequently
tried. In this procedure the plethysmograph was kept
at 300 and the heater at about 450 for one hour. The
duration was shortened if the skin temperature of the
opposite hand rose to 320 or over (1). Sufficient time
was always allowed between procedures to insure the
retuirn of normal conditions.

MATERIAL

Six normal subjects were studied intensively.
Two were men and four were women. The ages
varied from 18 to 50 years. Four other normals
were studied at only one temperature in order to
clarify specific points. In all cases the cardio-
vascular system was normal. Eleven patients
with various pathological conditions related to the
vascular system were investigated. Table II sum-
marizes the diagnoses and chief findings in this
group.

In all cases the condition of the heart and of
the peripheral vascular system was assessed clini-
cally. Frequently, the venous pressure was meas-
ured directly by the method of Moritz and Tabora
(20) and was found to agree with the determina-
tions made by means of the blood flow mentioned
above. Most of the experiments were done in
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TABLE II

Abnormal subjects

Patient Sex Age Blood
I I Ipressure

E.L.

B.
C.H.
P.P.

M.T.
R.H.
W.H.

J.B.
J.A.
jI.M.
W.M.

F

M
M
M

F
M
M

F
M
M
M

years Hg

22 110/60

48
24
46

68
31
60

35
35
44
54

110/70
120/68
130/75

164/72
90/60

130/80

190/130
250/150
105/70
124/78

100/60

NVe-
nous
pres-
stire

mnn.

Hand,
vol-
utme

. CC.

N 300

250
N 580
N 460
N 480

N 300
N 365
20 390

N 300
N 430
N 400
7 470

N 500

Diagnosis

Raynaud's disease
Preoperative
Postoperative
Acrocyanosis
Acrocyanosis
Postural hypotension
Syringobulbia
Postural hypotension
Transection upper dorsal cord
Arteriosclerotic heart disease

with decompensation
Malignant hypertension
Malignant hypertension
Cirrhosis of liver
Coronary thrombosis-4 days

after (morphine)
10 davs after

Incremiienit of liaiid volumlne obtainecl bv
raising cuiff psresslure froimi 0 to 20 imm. IIg

Decrease
in volume

with pinch.
Cuff

pressture
20 mmn. 1-Ig

WNithlout le,, licater NN-itti leg NN;itliolt;t\Villatlou le eaer h hgeater leg heater

Temiperatuire of plethysmograph (0 C.)

230

cc. per
liter of
hantd

volume

0.2

6.0
2.3
3.8
2.2

0.3
0.5
1.7

1.0
0.7
0.5

1.4

300 360

cc. per
liter of

hantd
volumne

0.5

14.7
5.3

11.1
9.6

0.8s
3.5
2.2

2.4
3.0
4.2
3.4

1.7

cc. per
liter of
hanzd

volume
4.2

22.5

15.3

3.3

3.7

420

cc. per
liter of
hantd

volume

6.7

18.4
4.4

12.9
5.2

4.2
5.0
3.2

8.0
4.5
7.5
3.7

3.0

300

cc. per
liter of
hantd

volume

10.0

13.3

6.4

9.0

300

cc. per
liter of

hanid
volume

0

0
0.9
5.0
5.0

0
1.0
1.5

4.8
0.7
1.7
0

4.8

2

3

8
5 U

FIG. 1. I INCREMENT CURVES FROM NORNIAI. SUBJECT G. B.

Temperatures are those of the plethysmograph. Figures unider curves represent cuff
pressure in mm. Hg. The hor-izonltal lines each represeuit 1 cc. of hland volume. Curves
6, 7, 8 are curves of blood flow taken just before the incremenit curves at each temperature.
Note that drum speed of Curve 8 is not the same as in the corresponding incremeint Curves
3, 4 and 5. Time markings all are one second.
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the laboratory, but where the patient was too sick
to be moved the apparatus was taken to the ward.

RESULTS

Normals. As was to be expected, there was a
great deal of variation in absolute values from
subject to subject, but the general character of the
results was the same. In a given patient under
constant conditions repeated determinations agreed
satisfactorily. Figure 1 illustrates typical tracings
obtained from one of the normal subjects. It
can be easily seen that the volume increases are
less at low than at high temperatures. Blood
flow curves (Numbers 6, 7 and 8) are included
in order to show that the lack of increase in
volume at 230 and at 300 C. is not due to an in-
adequate blood flow. In these curves of blood
flow the cuff has been suddenly raised to 60 mm.
Hg, and the rate of blood flow can be calculated
from the slope and the time interval. Com-
parison of the blood flow curve with the cor-
responding volume tracing shows that in the
latter, adequate time has been allowed at each cuff
pressure for the volume to increase much more
than it actually does. One must therefore con-
clude that the cause of the low volume increase at
low temperatures lies in a failure of the veins to
dilate, or in other words, in an increased venous
tone. That this is really an increased physio-
logical tone and not a permanent rigidity of the
vessels is shown by their ability to dilate at higher
temperatures.

Tracings 3, 4 and 5, all at 420 C., are included
to show the agreement obtained between different
determinations. At lower temperatures where
spontaneous vasomotor changes are much more
marked, the agreement is not so close. However,
the variations between curves at a given tempera-
ture are always much less than between those at
different temperatures.

Figure 2 is a graph of the increments of volume
plotted against increments of cuff pressure from
the same normal patient as Figure 1. The in-
crease in volume in the 0 to 10 mm. Hg increment
in cuff pressure must be disregarded as, due to the
existing pressure in the veins, it does not repre-
sent a change in venous pressure of 10 mm. Hg.
It will be noted that when the hand is at 230 the
increments of volume are very small at first and

II

0-10 10-20 20-30
CUFF PRESSURE MM. HG

FIG. 2. GRAPH OF INCREMENTS OF HAND VOLUME
PLOTTED AGAINST INCREMENTS OF CUFF PRESSURE IN
NORMALSUBJECT G. B.

Figures computed f rom averages of all increment
curves done on this patient. Temperatures are those of
the plethysmograph.

then increase at higher cuff pressures, whereas at
420 the first increment of volume is the greatest
and the following ones decrease in value. The
curve at 300 is between the other two. It is
readily seen from Figures 1 and 2 why a determi-
nation of the increase in volume when the cuff
pressure is raised from 0 to 20 mm. Hg gives a
fair idea of the whole curve. These determina-
tions remain quite constant under controlled con-
ditions (Figure 3, Curve 4).

In all the normal subjects tested the curves re-
sponded to temperature in the above manner,
showing greater increments of volume as the
temperature was raised. Uniformly, the maxi-
mumincrement of the volume occurred at a higher
cuff pressure the lower the temperature. At 36°
and 420 it was nearly always at the 10 to 20 mm.
Hg cuff pressure change, and at 230 at the 30 to
40 mm. Hg change or higher. The position at
300 varied, sometimes being nearer that at 420
and sometimes nearer that at 230. Furthermore,
the absolute value of the maximum increment of
volume became greater as the temperature was
raised. There was one exception to this last find-
ing, namely, that occasionally the maximum incre-
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2

FYIG. 3. TIIE REACTION TO PINCH.
Number 1 showvs nioirmal voluimc chan1ges in Patien1t J. M. following pinch. Numbers 2 ani(I

3 slhowv reactioni in niormal patient with cuff pressure of 20 alnd 60 mm. Fig, respectively. Note
the diminiished fall in volume at the hiigher cuff pressure. Number 4 shows consecutive inicre-
menits of voluimie due to raising the cuff from 0 to 20 mlIm. Hg before anid after a pinlchl. See
text for further (lescrip)ti(lm. A llhorizonital lines represellt 1 cc. of volume. Time markings
are onie seconid.

milent of volume was less at 420 thailn at 360. In
these cases the arterioles were wvidely (lilateci at
420 as shown h1 the rapid blood flow. TIhlus the
capillary and venule pressure was p)rol)ably so

abnormallv elevated, as Landis has founidI (15)
that only the laroer veins were affectedl the
cuff. This samile phelnomenon ;is regularly seen

in measurilig the increase in volume ith a change
in cuff pressure of 0 to 20 mm. Ho, duiring re-

active hyperemiia. The increase in volume is
miluch less than dutirii,g a conitrol period, although
the blood flow is very miluch -reater.

Table I showrs the ilncrease in volume (lue to a

chanlge in cuff pressure fromll 0 to 20 mm. Hg ill

six of the nornial subjects. 'I'heese figures iliclude
the most extremiie variatiolIns elncounitered.

Rofloe (lil(ltatio n. In orcler to (letermiinie the
effect of reflex vasodilatation oIl the veins (21),
the leg heater test was used on a limilte(d uimil)er
of patients. In all i(oririal cases the resulting
vasodilatatioln was essentially the samiie as that

obtaineed l)y heatling the hand(I to 36'° or 420 in the
plethysmograph. Often the dilatatiml nwas greatter
thaan that obtained by local heat. It is of interest

that hleii the refle x dilatatioln (of thle arterioles
was s imdilarly teste(l usillg the l10lood flowNr as aln
inl(lex, it wNcas founil(d that local heat always cauise(d
a greater dilatation thaln heat al)l)lie(l to the le,.
This last find(inlg is lnot iiicol1sisteint w-ith the re-
stults of ILand(lis an(l Gil)bon ( 21) silnce it mui11st be
remembered that in the e.xperiments qtiotedI hiere,
the hanid in whiclh the blood flow was being inlcas-
tired was in a wsater bath at 30° and n1ot exposed
to the air at room tem1)eratture.

1oll cffc-t of j'<uHoliing. \When the effect of
pinchin,g wNas determined, the lhain(l volumiie in

nlormiials wN-as foulicl to dimiinish firo)m 0 to 7 cc.

per liter of hand volumie with a imieani (of 1.9 cc.
(Table I1). The techinical error( of measurement
rang"ed fromil 0.1 to 0.3 Cc. per liter o f lihiaid
v7olunie. An inicrease in volume following a

pinchi was never observed. This test was rou-
tinelv (lonie with a constalit cuff l)ressure of 20
mm. Hg. The total liandl voluimies va,--ried frolim
220 cc. to 510 cc. TIh1e diminutitio of vIltlile lIe-
oall in 6 to 15 secolids, reachie(d a miniii ulimu in
frolim 15 to 45 seconds aln(d rettirniedI to the ilitial
level in fromil 40 secolinds to 3 militites. Occasion-
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ally, a secondary drop was seen at about 40 seconds
(Figure 3, tracing 2). The regularity and ra-

pidity with which this change in volume occurred
indicated that it was vascular in origin. In a

given patient, under the same conditions, the ex-

periment could be repeated a number of times with
satisfactory agreement in results. Figure 3, trac-
ing 1, shows typical curves with unusually good
agreement. The fall was usually greatest at 300.
Frequently it was 0 at 23° when the blood flow
and increment curves showed marked vasocon-

striction. Likewise at 42° the reaction was al-
ways diminished and often absent. It was noted
that fear and various other psychic stimuli gave

the same type of reaction as pinching.
In view of the fact that the arterioles were

known to constrict, as measured by the blood
flow, following a pinch (22), it was necessary to
show that the diminution in volume was not due
to arteriolar constriction. There are three rea-

sons for considering that the diminution in volume
is venous in origin. In the first place, several pa-

tients were found who showed a good slowing of
blood flow with pinch, but not over 0.1 cc. drop in
volume. In general, there was no definite cor-

relation between these two phenomena from pa-

tient to patient.
In the second place, it was found that the

amount of drol) was directly related to the cuff
pressure. The greatest fall in volume occurred
without cuff pressure, and only a small drop oc-

curred with a cuff pressure of 60 or 80 mm. Hg
(Figures 3 and 4). This might be expected if
constriction of the capillaries and veins is the
cause, but should not be true if the decrease in
volume is due to the arterioles, as their normal
intravascular pressure is at least 40 mm. Hg and
usually 50 to 60 mmn. Hg (15).

Finally, venous tone has been found to increase
following a pinich, using as an indclex the incre-
nment of volume when the cuff pressure is raised
from 0 to 20 mm. Hg. Tracing 4 in Figure 3
shows a series of volumne increments of this sort
before and after a pinch. It will be noted that
the height of the curves remains quite constant in
spite of a slight rise in the base line due to a

change in the basal volume of the hand when the
cuff pressure is zero. Following the pinch the
basal volume of the hand falls, reaching a mini-

11*

8 'ss%

-J %

06 %

= '5

94 '5

0~~~ ~ ~~~~~~~8

Cc P

.1

0 20 40 60 80
CUFF PRESSURE MM. HG

FIG. 4. GRAPHSHOWINGFALL IN V"OLUME OF HAND
WITH PINCH AT DIFFERENT CUFF PRESSURESIN NORMAL
PATIENT.

Four to six determiniations were made at each cuff
pressure and averaged.

mumin 15 seconds (the fall is interrupted by a
short plateau caused by a temporary application
of cuff pressure). Curves of volume increment
done at the minimum level show a 50 per cent
decrease in height and then gradually return to
their original level, as the basal volume of the
hand rises. These observations were repeated a
number of times with similar results. This ex-
periment is very strong evidence that venous and
capillary tone is increased following a pinch.

It should also be mentioned that the observa-
tions made on the pathological cases, especially
those with acrocyanosis, are entirely consistent
with the above findings. Furthermore, the fact
that the pinch reaction is absent., or nearly so, at
low temperatures when the vessels are already
constricted and at 42° when the vessels are
strongly dilated, is exactly what would be ex-
pected.

Thus it can be concluded that at least a large
portion of the diminution in volume following a

pinch is due to constriction of the capillaries,
venules and veins alone or in combination. Which
of these three types of vessels is involved, it is
impossible to say. Undoubtedly a small part of
the fall is due to arteriolar constriction.
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Subjects with pathological conditions. A gen-
eral summary of the findings in the 12 abnormal
patients studied is presented in Table II. Lack
of space prevents more than a presentation of the
salient points. The most important case studied,
from the physiological point of view, was that of
a girl of 22 years with Raynaud's disease. The
left hand was tested before and six days after
alcohol injection of the stellate and upper two
dorsal sympathetic ganglia of the ipsilateral side.

Figure 5 shows the increase in volume produced
by 20 mm. Hg cuff pressure at different tempera-

FIG. 5. GRAPHOF THE INCREMENTSOF VOLUMEOB-
TAINED BY RAISING THE CUFF PRESSUREFROM 0 TO 20
MM. HG IN PATIENT E. L. WITH RAYNAUD'S DISEASE.

Determinations made before and after alcohol injec-
tion of stellate and upper dorsal sympathetic ganglia.
At right is the effect of a leg heater applied for 1 hour
at 450 with the hand temperature at 300. Dotted lines
represent the fall of volume with pinching. No fall
occurred preoperatively at 230 or 30° and none post-
operatively at any time.

tures and the decrease in volume with pinch be-
fore and after the operation, respectively. The
pinch reaction is abolished postoperatively. It
will be seen that the increases in volume are very
large, indicating that the veins are extremely
atonic. On the right is shown the reaction to the
leg heater which was completely abolished, as
might be expected (21). The blood flow in this
case was greatly increased by the operation, and
the fall in blood flow following pinch was abol-
ished. Wiedhopf (23) has made a somewhat
similar observation by noting the decrease in hand

volume when the other hand is exposed to very
low temperature. He found that novocainization
of the median, radial and ulnar nerves abolished
the reaction. He attributed the fall in volume to
arteriolar constriction, however.

Two patients with acrocyanosis were investi-
gated. In both cases the blood flow was nearly
absent at 230 but high at 420. The reaction of
the blood flow to pinch was essentially normal.
One of the two showed venous increment curves
of the relaxed type at all temperatures (Figure
6). Furthermore, the pinch test produced only a

FIG. 6. GRAPH OF VOLUME INCREMENTS PLOTTED
AGAINST INCREMENTSOF CUFF PRESSUREOF PATIENT B.
WITH ACROCYANOSIS.

Comparison with Figure 2 shows that venous tone is
markedly reduced at low temperatures.

very slight diminution in volume. This suggests
that the veins and capillaries of this patient were
relaxed even at low temperatures and that reflex
venoconstriction was practically absent. From
the other patient the remarkably high increment
curves shown in Figure 7 were obtained. Al-
though at 230 the maximum increment of the
volume occurs at 30 to 40 mm. Hg cuff pressure,
the actual volume of the increments is very large.
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FIG. 7. GRAPH OF INCREMENTS OF VOLUMEPLOTTED
AGAINST INCREMENTS OF CUFF PRESSUREOF PATIENT
C. H. WITH ACROCYANOSIS.

Note the abnormal height of these curves.

The exact significance of these very high increases
in volume is not clear. The figures are nearly as
high as those obtained in the denervated hand of
the patient with Raynaud's disease. They may
indicate moderate relaxation of the veins and
capillaries or may be due to a greater vascular bed
than normal. The pinch test in this case was
normal.

Two patients with postural hypotension of
severe degree were examined. In one case second-
ary to syringomyelia no abnormalities were found.
In the other case, without obvious cause for her
condition except for her age of 64, there was

practically complete absence of change in either
arterioles or veins with pinching. Otherwise the
venous tone was normal.

One patient with transection of the cord in the
region of the fourth dorsal segment and with
hematomyelia involving a number of higher seg-
ments was studied. The palms of his hands were
red and became cyanotic when hung over the side of
the bed. He had been in bed for one year. With
low temperatures the venous tone was only fair.
Only a slight fall in volume could be obtained on
pinching. These findings suggest damage of the
sympathetic nerve supply to his hand.

In one case of arteriosclerotic heart disease and
congestive failure in a man of 51 the findings were
of some interest. His venous pressure was 18
mm. Hg by direct measurement, so that the 20 to
30 mm. Hg increment is the first one of any
value. The increment curves were all rather flat,
but the maximum volume increment occurred at
a lower cuff pressure with higher temperatures
(Figure 8). This suggests that venous tone was

FIG. 8. GRAPHOF INCREMENTSOF VOLUMEOF PATIENT
W. H. WITH DECOMPENSATEDARTERIOSCLEROTIC HEART
DISEASE.

Venous pressure 18 mm. Hg. The 10 to 20 mm. Hg
increments must be disregarded because of elevated
venous pressure.

still present in spite of chronic increased venous
pressure.

In the remaining patients the findings were not
remarkable. It is interesting that two patients
with malignant hypertension had no abnormalities.
One was colored and his racial threshold to pain
may explain the poor pinch test. One case of
coronary thrombosis was tested four and ten days
after the onset. During the first test he was
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under morphine which may explain the absence
of a reaction to pinch and the absence of venous
tone at all temperatures. Both of these findings
were normal 10 days after his thrombosis.

DISCUSSION

The validity of the method here described for
measuring the tone of the veins, venules and capil-
laries is not open to direct proof by any means
available to the author. It is recognized that the
arguments and proof offered are indirect. But,
because all of the experiments done were con-
firmatory and because of the consistency of the
results it is believed that the method, when prop-
erly executed, is valid and qualitatively reliable.

Several objections naturally arise which should
be answered. It may be said that the increasing
increments of volume at low temperatures are due
to a progressive reactive hyperemia caused by the
prolonged increase in venous pressure (1). This
is easily disproven by applying the cuff at 40 mm.
Hg, the maximum pressure used, for an equal
length of time, usually 1 to 2 minutes. In spite
of a greater venous pressure for the whole time
than during the increment curves only a very
slight increase in volume occurs above the initial
rise. The factor of edema formation is rendered
negligible by not using cuff pressures over 40 mm.
Hg in the increment curves. From Landis' (24)
results, it can be seen that with the cuff pressures
and time intervals used, edema formation is not
significant.

The increment curves may be thought to repre-
sent the extent of vessels involved rather than
their elasticity. But if this were true, then all of
the increments should be diminished at higher
temperatures because Landis (15) has shown that'
the capillary pressure is increased under these
conditions. If the very small volume increments
found in some patients at low temperatures were
due to markedly increased capillary and venule
pressure as was suggested by Hough and Bal-
lantyne (25) which is very unlikely from Landis'
(15) data, they still would indicate marked venous
constriction.

The nature of the tonus or resistance to stretch
that has been measured cannot be elucidated. The
change in the resistance to stretch with tempera-
ture may be due to an action of the latter on the

elastic elements of the vessels and not on the
muscles. The change in resistance to stretch pro-
duced by pinching, however, must be muscular in
origin as nervous stimulation can hardly affect
the non-muscular tissue. Winton. (26) in a
recent paper finds that smooth muscle tonus is
composed of an elastic, a viscous elastic, and vis-
cous component. At least the first and last are
affected by temperature. Therefore, we can only
conclude that physiologically significant changes
in the resistance to stretch of the veins do occur in
response to temperature and pain although the
exact mechanism is obscure.

The demonstration in the whole human hand of
venous reflex constriction and the presence of tone
in relation to temperature is of considerable im-
portance. In studies of the whole peripheral cir-
culation these factors have not been taken into
proper consideration, largely because of lack of
exact knowledge concerning them and lack of
methods for their investigation. Henderson (8),
Fleisch (7) and Dale (4) have pointed out their
importance.

Since only a few diseases and a few patients
with each disease have so far been investigated by
this technique, conclusions must necessarily be
tentative. The finding in acrocyanosis of relaxed
veins at a low temperature with a very slow blood
flow explains both the apparent swelling and the
cyanosis. This is confirmatory of the studies of
Lewis and Landis (27) on the subject. In one
of the patients with postural hypotension, the ab-
sence of a reaction to pinch of the veins may in-
dicate poor or absent reflexes to these vessels.
The fall in blood pressure on standing in her
case may be in part due to stagnation of blood in
the veins and capillaries. It is also of interest
that evidence of venous tone was presented in a
patient with congestive failure and increased ve-
nous pressure. The prominence of the veins in
such patients is apt to lead to an erroneous as-
sumption that they are rather completely dilated.
The absence of significant abnormalities in two
cases of severe malignant hypertension suggests
that there is no involvement of the veins, venules
and capillaries in this condition. This is con-
firmatory of previous studies by Weiss and Ellis
(28).

One further finding may be of importance,
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namely, the abolition of the pinch reaction by
local heat. This same phenomenon is seen in
observations on the reaction of the blood flow
to pinching. It is of interest that reflex vasomo-
tor dilatation by the leg heater increases the re-
action to pinch. Thus local heat seems to be a
potent vasodilator and can overcome reflex con-
striction.

CONCLUSIONS

1. A method has been presented for measuring
the tone of the veins, venules and capillaries of
the human hand as a whole and for determining
the reflex reaction of these vessels to a noxious
stimulus, a pinch.

2. It has been shown that the tone of these
vessels normally increases with cold and reflexly
increases with the pinch. Their tone decreases
with local heat and reflexly with heat to the leg.

3. Evidence has been presented that the de-
crease in hand volume following a pinch is ac-
tually due chiefly to a reflex constriction of the
veins, venules and capillaries.

4. In two cases of acrocyanosis an abnormal
absence of tone of the veins, venules and capil-
laries has been found. Coupled with an unusually
slow blood flow at low temperature, this finding
can explain the clinical picture.

5. In two cases of severe malignant hyper-
tension, no significant abnormalities were found
by this technique.
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