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The correlation of venous, spinal fluid, and ar-
terial pressure, before and after venesection, was
studied in a series of twenty-two cases of failure
of the left heart and thirteen cases of failure of
the right heart. These cases were observed clin-
ically with reference to the improvement after
venesection alone, and also after venesection in
combination with the removal of twenty cubic
centimeters of spinal fluid.

The cases studied embraced various types of
heart disease, including syphilitic, rheumatic, ar-
teriosclerotic, and hypertensive.

LITERATURE

Eyster (1) attributed the value of venesection
in cardiac congestion to the reduction of a high
venous blood volume. He contended that by this
procedure the right ventricle is relieved of an
abnormal initial strain.

Harrison (2) in 1933 made the observation that
cisternal pressure was lower in the upright than in
the prone position, whereas venous pressure was
higher in the upright than in the prone position.
He found also that venous, spinal fluid, and cis-
ternal pressures were all more elevated in patients
with congestive heart failure than in patients with
normal circulation.

Harrison (3) in 1934 concluded from his
studies on cisternal pressure that the patient with
cardiac congestion secures more relief from his
orthopnea when in the sitting position because of
lowered cisternal pressure, and in turn lessened
embarrassment to the respiratory center. Spinal
drainage, in most cases, was followed by a de-
crease in dyspnea.

Friedfeld and Fishberg (4) in their studies of
"The Relation of the Cerebrospinal and Venous
Pressures in Heart Failure " showed that an ele-
vation of venous pressure in failure of the right
heart was invariably associated with an elevation
of the spinal fluid pressure. They noted that
venous and cerebrospinal pressures were lowered

as cardiac compensation was restored. An eleva-
tion of the spinal fluid pressure did not occur in
failure of the left heart with a normal venous
pressure.

Gravier (5) found no definite correlation be-
tween arterial and spinal fluid pressures.

Tzanck and Renault (6), Eyster and Middleton
(7), and Clark (8), in clinical observations, found
a close correlation between the deep venous (in-
ternal jugular) and spinal fluid pressures. These
authors selected 200 mm. of water as the critical
level of venous pressure at which venesection is
indicated.

Myerson and Loman (9), as well as Planques,
Riser, and Sorel (10) found that arterial hyper-
tension alone would not induce elevation of pres-
sure in the cerebrospinal fluid, but that pressure
of the latter was dependent upon the venous pres-
sure.

Additional studies of venous and spinal fluid
pressures not so directly related to our problem
are listed in the bibliography (11-16).

METHODS

In failure of the right heart, we include those
cases manifesting signs of venous congestion,
dyspnea, cyanosis, ascending edema, effusion into
the serous sacs, and enlargement of the liver.

In failure of the left heart, we include those
cases with cardiac dyspnea without engorgement
of the systemic veins and also cases of diminished
vital capacity with cardiac asthma. The presence
of protodiastolic gallop rhythm or accentuation of
the pulmonic second sound inclined us to classify
a case as in this group. There was usually, in
these cases, no enlargement of the liver, no cyano-
sis, and no venous congestion.

Normal values for spinal fluid pressure taken
between the 3d and 4th lumbar vertebrae in the
erect position we consider as varying from 150 to
400 mm. of water.

Normal values for venous pressure at the level
305
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of the right auricle taken in the upright position
we take as from 90 to 125 mm. of water.

All readings were taken in the morning with
the patients in the sitting position. The lumbar
puncture needle was inserted in the usual manner,

and a mercury manometer used to determine pres-
sure. The mercury pressure was later calculated
and expressed in millimeters of water. The ar-
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terial and venous pressure readings were then re-

corded, the former with a mercury sphygmoman-
ometer, and the latter with an L glass tube of 7
mm. diameter inserted into the antecubital vein.
Care was exercised in reading the venous pressure
to have the antecubital vein precisely at the level
of the right auricle. When these three readings
had been made, the patients were bled eight to

TABLE I

Arterial, cerebrospinal fluid, and venous pressures before and after venesection in failure of the right heart

Arterial pressure Cerebrospinal fluid pressure Venous pressure
Patient
number

Before After Before After Change Before After Change

mm. Hg mm. Hg mm. H20 mm. H10 mm. H20 mm. H20 mm. H120 mm. H20
1............. 190/140 175/125 408 272 -136 245 95 -150
2............. 60/10 64/40 354 272 - 82 160 135 - 25
3............. 135/105 140/100 462 326 -136 220 105 -115
4.............. 146/118 150/120 408 354 - 54 140 50 - 90
5.............. 172/124 162/110 435 367 - 68 195 80 -115
6............. 190/130 190/130 394 394 0 195 120 - 75
7............. 194/144 194/144 408 272 -136 200 108 - 92
8............. 220/160 210/160 408 204 -204 190 130 - 60
9.............. 180/80 165/70 490 381 -109 265 140 -125

10............. 180/70 164/66 435 326 -109 160 100 - 60
11............. 265/150 265/145 490 381 -109 220 135 - 85
12 ............. 180/140 168/135 435 408 - 27 165 140 - 25
13 ............. 175/150 175/140 462 381 - 81 230 160 - 70

Average ..... 430 334 - 96 199 115 - 84

TABLE II

Arterial, cerebrospinal fluid, and venous pressures before and after venesection in failure of the left heart

Arterial pressure Cerebrospinal fluid pressure Venous pressure
Patient
number _-_

Before After Before After Change Before After Change

mm. Hg mm. Hg mm. H20 mm. H10 mm. H20 mm. H20 mm. H20 mm. H20
1......... ......202/114 206/116 490 462 -28 90 70 -20
2 .225/20 180/50 326 326 0 72 58 -14
3 .198/102 180/94 299 299 0 110 95 -15
4.228/78 204/75 163 136 -27 95 85 -10
5 .150/20 140/20 476 449 -27 70 65 - 5
6 .264/158 225/150 490 422 -68 80 80 0
7. 198/156 198/152 326 381 +55 70 70 0
8 .162/54 160/72 326 326 0 135 90 -45
9.182/112 182/110 299 313 +14 100 50 -50

10 .............. 184/66 120/98 490 408 -82 124 95 -29
11 .180/100 170/86 354 272 -82 85 75 -10
12........ .....160/130 160/130 340 340 0 50 80 +30
13 .280/160 300/170 326 381 +55 30 85 +55
14 .180/104 150/112 367 367 0 120 110 -10
15 .............. 250/170 230/170 408 408 0 90 90 0
16. . . . . . .142/94 142/94 408 408 0 90 90 0
17.. ....... 230/125 230/125 462 381 -81 125 115 -10
18 .148/118 138/110 299 272 -27 100 80 -20
19.. . . . . . . . . ....120/80 155/90 354 326 -28 70 25 -45
20 .170/110 170/110 299 299 0 95 90 - 5
21 .138/90 126/84 326 326 0 135 125 -10
22 .178/126 162/104 381 326 -55 135 118 -17

Average .... 364 347 -17 94 84 -10
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twelve ounces. Subsequent to the venesection the
same observations were again noted. Adequate
time was allowed before each reading so that the
patients' excitement would subside and not pro-
duce error. The sitting position was chosen be-
cause the readings were more accurate and no
change of posture was necessary after the obser-
vations were begun.

Weare indebted to Drs. William E. Robertson,
David Riesman, Truman G. Schnabel, Robert G.
Torrey, Henry D. Jump, and Howard D. Schaffer
for the use of their patients in the Medical Wards
of the Philadelphia General Hospital.

OBSERVATIONS

Failure of the right heart
A close relationship was found to exist between

the spinal fluid and venous pressure in right heart
failure. Both pressures were elevated in this type
of congestive failure; the spinal fluid tension was
always higher than the venous pressure, and a
definite parallelism was observed. Arterial blood
pressure had no relation whatever to the other two
pressures. Following venesection of eight to
twelve ounces, the venous and spinal fluid pres-
sures consistently fell. Table I depicts the arte-
rial, spinal fluid, and venous pressures before and
after venesection. It is apparent from this table
that spinal fluid pressure was consistently higher
than venous pressure and that both were consid-
erably above normal. The average spinal fluid
pressure in millimeters of water before venesec-
tion was 430, and after venesection, 334. The
average fall of lumbar spinal fluid pressure was
96. In only one of thirteen cases was no change
noted. The average venous pressure before vene-
section was 199, and after venesection 115. The
average fall of venous pressure was 84. The
ratio of the mean spinal fluid pressure to mean
venous pressure was not significantly altered by
venesection (see Table III). Before venesection,
it was 2.16; after venesection, 2.90. Venous pres-
sure fell in all cases. The arterial pressure fell
in six cases, rose in three, and remained approxi-
mately the same in four. Orthopnea was lessened
in all patients immediately after venesection. In
eight of the thirteen subjects, ten to twenty cubic
centimeters of spinal fluid was withdrawn. We
found that those patients who received both lum-

bar drainage and venesection obtained the most
rapid and permanent relief from their orthopnea.

Failure of the left heart
The close relation which existed between venous

and spinal fluid pressures in right myocardial
failure did not obtain in left heart failure. Table
II shows the lower venous and spinal fluid pres-
sures in the latter condition.

Inspection of Figure 3 reveals seven instances
in which the spinal pressures are elevated above
the normal values. This is attributed to the hy-
drostatic pressure effect, since these patients were
elevated from a recumbent to a sitting position in
order to determine the measurements. The re-
mainder were initially in the upright position.

TABLE IU

Ratios of mean spinal fluid and mean venous pressures before
and after venesection

Right heart Left heart
Ratios failure failure

1. Ratio of the mean fall of spinal
fluid pressure to mean fall of
venous pressure. .... 1.14

2. Ratio of the mean spinal fluid pres-
sure to mean venous pressure
before venesection ... ......... 2.16

3. Ratio of the mean spinal fluid pres-
sure to mean venous pressure
after venesection. ............ 2.90

1.70

3.77

4.13

The average venous pressures before and after
venesection in Table I are 199 and 115, whereas
in Table II they are 94 and 84. The average fall
of venous pressure after bleeding was 84 in the
right heart cases and 10 in the left. The average
spinal fluid pressure in failure of the left heart
was, before venesection, 364, and after venesec-
tion, 347, with an average fall of 17. The ratios
of the mean values are given in Table III.
Venous pressure fell in sixteen cases, rose in
two, and remained constant in four. Arterial
pressure again showed no relation to the spinal
fluid and venous pressures. It rose in four cases,
fell in twelve and remained the same in six.
The presence of arterial hypertension did not indi-
cate existing venous hypertension. The spinal
fluid pressure fell in ten cases, rose in three, and
remained unchanged in nine.

Wefeel justified in stating that venesection in
hypertensive cardiovascular disease is not to be
recommended unless there is elevation of the
venous pressure, suggesting right ventricular
failure.
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FIG. 1. CEREBROSPINALFLUID PRESSURESAND VENOUS
PRESSURESIN RIGHT HEARTFAILURE. (Before venesec-

tion.)
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DISCUSSION

The foregoing observations show that venous

and spinal fluid pressures are elevated in failure
of the right heart, and that both fall after vene-

section. Inspection of Figures 1 and 2 reveals a

tendency to parallel variation. Variation in the
ratio between the two variables is shown by the
divergences from a strictly linear distribution.

Since, in right heart failure, the demand upon

the heart exceeds its physiologic response, it can-

not convey into the pulmonary circulation the
blood which comes to it from the venous circula-
tion. Venous engorgement and stasis result con-

sequently, especially upon failure of the right ven-

tricle. It has long been known that phlebotomy
relieves such venous and ventricular embarrass-
ment.

Webelieve that if the pressure on the respira-
tory center is lessened by spinal fluid drainage the
patient will obtain greater benefit than from vene-

section alone. With this in view, we combine the
two procedures and find ample justification in the
immediate clinical response.

Since, in failure of the left heart, the venous

pressure is rarely or never elevated, treatment
by combined venesection and lumbar drainage
meets with little success. This method is found
to be of no value in the hypertensive subject with
a yielding of the left myocardium. Previous in-
vestigators have shown that arterial hypertension
alone does not elevate spinal fluid pressure, but
that the latter is dependent upon the venous ten-
sion. Our studies indicate no relation whatso-
ever between the arterial and the venous or spinal
fluid pressures.

A thorough review of the literature revealed
no similar study of the correlation between the
three pressures. We think also that the com-

bination of venesection with spinal drainage is an

innovation in the treatment of failure of the right
heart.

SUMMARY

A series of experiments was carried out to
determine the relation of arterial, spinal fluid,
and venous pressures before and after venesec-

tion.
It was found in right heart failure that venous

and spinal fluid pressures were elevated and re-

lated with respect to fall of pressures induced by
venesection. The variation in the ratio between
the two pressures is shown by the divergences
from a linear distribution.

The spinal fluid pressure was elevated above
normal in 32 per cent and 85 per cent of left and
right heart failures, respectively. No correlation
obtained between the arterial blood pressure and
the venous or spinal fluid pressures in either right
or left cardiac incompetence. The venous and
spinal fluid pressures were uncorrelated in fail-
ure of the left heart. The spinal pressure was
greater than the venous pressure in all of 140
observations made on 35 patients.
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