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the C:H:N ratio in the original material and 
in the KSCN cleavage product was almost 
identical: 7.5:10:1  versus 7 .1 : lO: l .  The 
brown precipitate formed during the HC1 
cleavage yielded C: 47.27 ,  H: 5.32, ash: 

The difficulty in calculating empirical for- 
mulas indicates we must further purify the 
material. For the original pigment the tenta- 
tive formula is suggested: ('C15H20N209) 2Fe. 

The purplish-red color of the 
iron-pigment, the reversible color change with 
the pH and the type of the absorption spec- 
trum3 strongly suggest that it belongs in the 
group of complex phenolic iron compounds. 
In such compounds a single ferric ion is com- 
plexly bound to a varying number of phenolic 
radicals.* The data of the cleavage products 
indicate that during decomposition some phe- 

2 .go yo. 

Comment. 

~~ ~ ~ ~~ 

3Wesp, E. W., and Brode, W. R., J .  Ant. Cheni. 

4Weinland) R. I., and Herz, A,, Liebig's 
SOC., 1934, 56, 1037. 

Annulen, 1913, 400, 219. 

nolic groups separate from the iron, whereas 
others do not. Thus in the supernatant fluid 
new compounds of smaller molecular weight 
are present with all the properties of the 
original pigment (including similar absorp- 
tion spe tra) but containing more iron. 

stable than the pigment of red hair. The 
latter's greater stability may be explained by 
assuming that the phenolic OH-group is 
attached to a heterocyclic ring containing 
nitrogen. The negative reactions for pyrrol 
and pyridine do not exclude such a possibility 
because substitutions on these rings modify 
their reactivity. At present, no definite state- 
ment can be made regarding the chemical 
structure of the iron-containing pigment of 
red hair. 

Summary. A red iron pigment was isolated 
from human red hair. The presented data 
indicate that it may be a complex phenolic iron 
compound in which the phenolic OH group is 
attached to a heterocyclic ring containing 
nitrogen. 

Pheno f ic iron compounds, however, are less 
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Physiological Studies on Five Patients Following Ligation of the Inferior 
Vena Cava. 

GEORGE E. BURCH AND TRAVIS WINSOR. 
From the Department of Medicine, School of Medicine, Tulane Uii irersity, and Charity Hospital 

of Louis.lanu, New Orleans, La. 

The effects of ligation of the inferior vena 
cava of the experimental animal upon the 
circulation and functions of the parts drained 
by its tributaries have been studied by 
many.l*' If the ligation is below the renal 
veins, there are no apparent serious 
results. The inferior vena cava has been 
ligated relatively frequently in man.3*4 It has 

1 Polkep, H. J., LTrol. atid Cutaii. Rev., 1929, 

2 Whittenbergr, J. L., and Huggins, C., rirch. 

3Krotski, J., Chirurg., 1937, 9, 425. 
4 Oclisner, A., and DeBakey, M., h-ew England 

33, 394. 

Surg., 1940, 41, 1334. 

J .  Med. ,  1941, S, 207. 

been noted that when the ligation is below 
the renal veins, there is little disturbance 
experienced by the patients. I t  is the purpose 
of this report to record briefly a few physio- 
logic observations made on 5 patients in whom 
the inferior vena cava was ligated by Dr. 
C. G .  Collins of the Department of Gyne- 
cology and Obstetrics of Tulane Medical 
School. 

Methods. The patients were studied several 
days after operation when they were suffi- 
ciently well to be moved from Charity Hos- 
pital to a laboratory specially equipped for 
such observations. These people were too ill 
to be moved from the hospital to the laboratory 
for study before operation. 
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All observations were conducted in an air- 
conditioned room with a temperature of 
75°F -e 1" and relative humidity of 
50% I+ 1%. The patients rested in bed for 
a t  least 30 minutes before any measurements 
were made. The room was constructed to 
reduce psychic disturbances to a minimum, 
being very much like one previously de~cribed.~ 
All observations except the venous pressure, 
were made essentially without the patient's 
knowledge except for small parts of the 
apparatus that were connected to her. All 
5 patients were females. 

The following measurements were made: 
1. The rate of water loss from the skin of 

the right index finger tip, right second toe tip, 
right pretibial region and volar surface of the 
right forearm was determined quantitatively 
by a method previously described.6 The rate 
of water loss was determined first at  a tem- 
perature and relative humidity of 75°F t 1" 
and 50% & 1% respectively. After measur- 
ing the rate of water loss under these environ- 
mental conditions for two 15-minute periods 
the temperature of the room was raised to 
100°F _t 2" and the relative humidity to 
75% k 2%. These levels were reached 
within 15 minutes and the rate of water loss 
was measured for 2 more 15-minute intervals. 
The room temperature and humidity were 
then returned to the original levels. 

2 .  The volume of pulsations of the right 
index finger tip and right second toe tip were 
measured quantitatively by the plethysmo- 
sphygmographic method of T ~ r n e r . ~  These 
determinations were made afte: the subject 
had been resting another 30 minutes a t  the 
comfortable temperature and humidity of 
75°F and 50% respectively. 

3 .  The venous pessure in a vein of the 
dorsum of the foot and left antecubital area 
with the respective parts a t  the level of the 
heart was determined directly by a method 
previously described? The venous pressure - 
-~ ~~~ 

5 Neumann: C., Cohn, A.  E., and Burch, G. E., 

6 Neumann, C., Colin, A. E., and Burch, G. E., 

7 Turner, R. H., J .  Clin. Invest., 1937, 16, 777. 
SBurch, G. E., and Sodeman, W. A., J .  Clin. 

J .  Clin,. Invest., 1942, 21, 651. 

Am. J .  Physiol., 1942, 132, 748. 

Invest., 1939, 18, 31. 

measurements were made after completing 
the other studies. 

The above observations were made from 8 
to 18 days after ligation of the inferior vena 
cava. In  every instance, the patients were 
free from fever and other evidence of infection 
when the studies were performed. In  4 sub- 
jects the measurements were repeated at 
intervals indicated by Table I. Patient No. 1 
could not be contacted for a follow-up study. 

Results. The results are summarized in 
Table I. 

The venous pressure was greatly elevated 
in the veins on the dorsum of the feet following 
ligation of the vena cava while the pressure in 
the antecubital veins remained normal. In 
no patient did the pressure return to normal, 
even as long as 10 months postoperatively. 

All patients developed edema postoperative- 
ly along with the increase in venous pressure. 
In the 5 persons the edema was worse when 
they were up and about and only one (Pa- 
tient Xo. 3) was clinically free from edema 
during any time of observations. None of 
them developed any cyanosis, erythema, 
petechiae, pallor, paresthesia, tenderness, or 
hyperesthesia. Except for edema of the legs 
below the knees, the patients were clinically 
well. 

There were no significant disturbances in 
water loss under a comfortable room environ- 
ment, or under a hot humid one. There was 
an increase in the rate of water loss from the 
skin in a normal fashion when the room was 
made hot and humid. 

The volume of pulsations of the toe tips 
decreased markedly in all 5 patients following 
ligation of the inferior vena cava. Even the 
maximum volume of pulsation of the toe tips 
was less than the mean volume of pulsations 
in the normal toe tip, the former being 3.5 
cmm per 5 cc of toe tip and the latter 4.0 cmm 
per 5 cc of toe tip. In  patient No. 5 the 
volume of pulsations in the toe tip returned to 
normal by the time of the second observation, 
although the venous pressure was still abnor- 
mally high. There was no edema, however. 

Discussion. Increase in venous pressure in 
the veins of the dorsum of the feet following 
ligation of the inferior vena cava is known to 
occur. The fact that the levels reached were 
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not greater indicates a good collateral circula- 
tion around the ligated vena cava. To a large 
extent the level of the venous pressure reached 
is inversely related to the degree of collateral 
circulation. The pressure did not return to 
normal in any of the patients, even after 
approximately 10 months following operation. 
I t  is possible that in some instances the venous 
pressure will eventually reach normal. 

Every patient developed edema of the legs 
and feet postoperatively and only one (Patient 
S o .  3 )  became clinically free from edema 
during the period of study. The increases in 
venous pressure were sufficient to produce 
edema. Patient XO. 3 was clinically free 
from edema even though the venous pressure 
was still elevated indicating adequate com- 
pensating phenomena. 

The rate of water loss from the surface of 
the skin of the tip of the right second toe and 
the pretibial area was not changed materially 
by ligation of the inferior vena cava. There 
was a normal increase in rate of water loss 
when the patients' environment was made hot 
and humid. .4n increase in venous pressure 
for several days apparently does not signifi- 
cantly influence water loss through the skin. 
X o  observations were made immediately after 
ligations of the vena cava. 

The effects of ligation of the inferior vena 
cava upon the volume of pulsations in the 
tip of the right second toe is in keeping with 
previous observations.9J0J1 I t  was found 
that an increase in venous pressure, produced 
by chemical irritation, ligation of the femoral 
vein, or by the influences of gravity, such as 
lowering the parts in man below heart leve1,ll 
resulted in a marked decrease in the volume of 
pulsations of the distal blood vessels. The 

YDeBakey, M. E., Burch, G. E., and Ochsner, A., 
PROC. SOC. EXP. BIOL. AND MED., 1939, 41, 585. 

10Burcl1, G. E., DcBakey, M., and Sodemnn, 
W. A., PROC. SOC. EXP. BIOL. AND MED., 1939, 
42, 858. 

11 Turner, R. H., Burch, G. E., and Sodeman, 
W. A., J .  Clin. Invest., 1937, 16, 789. 

relationships between the increase in venous 
pressure and volume of pulsations were 
studied in a mechanical model and were found 
to be inversely related functions.1° The effects 
of the decrease in the volume of pulsations in 
the peripheral blood vessels upon the efficiency 
of circulation, lymph flow, flow of intercellular 
fluids and the like remain unknown. Some 
studies indicated a decrease in the rate of 
lymph flow with a decrease in the volume of 
pulsations of blood vessels.12 

Clinically these 5 patients compensated 
remarkably well following ligations of the 
inferior vena cava. The sudden death of 
patient No. 2, about 6 months following opera- 
tion, may have been related to the ligation. 
The clinical history regarding her sudden 
death suggested hemorrhagic encephalitis fol- 
lowing an intravenous injection of arsenic 
for lues as the cause. An autopsy could not 
be obtained. 

Summary. The venous pressure, rate of 
water loss from the skin and volume of pulsa- 
tions in the peripheral blood vessels were 
measured in 5 patients following ligation of 
the inferior vena cava below the level of the 
renal veins. 

The venous pressure increased markedly in 
the veins of the dorsum of the foot. Edema 
developed immediately after operation and 
only one patient was edema-free approxi- 
mately 10 months after operation. In no 
patient did the venous pressure in the veins 
of the foot return to normal up to 10 months 
postoperatively. 

The rate of water loss from the skin of the 
tip of the right second toe and pretibial area 
was normal by the eighth postoperative day. 
There were no measurements earlier. 

The volumes of pulsations of the peripheral 
blood vessels were decreased markedly by 
ligation of the inferior vena cava. 

All patients showed a remarkably good 
compensation of the circulation following 
ligation. 

12 Cressman, R. D., and Blalock, A., PROC. Soc. 
EXP. BIOL. AND MED., 1939, 41, 140. 




