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A CONTROVERSIAL aspect of prolonged
hemorrhagic shock is the possible major
role of splanchnic pooling in causing irre-
versibility. 13, 24, 31, 32 In the dog this is
thought to result from an obstruction to
the venous outflow of the liver, with dam-
ming of blood in the liver and portal sys-
tem, causing engorgement and enlargement
of the liver and congestion and hemor-
rhages in the intestines. Several authors4'
6, 10, 12, 28, 29 have described sphincteric
mechanisms, either functional or structural,
in the venous outflow system of the liver.
These may be located at one of four pos-
sible sites:

1. The hepatic vein-spasm may occur at its
iunction with the inferior vena cava 4, 29 or the
whole hepatic venous system may react by intense
vasoconstriction,12 which may occur in a spiral
fashion giving the vessels a corkscrew appear-
ance.28

2. The sublobular veins.0
3. The small sluice channels of Deysache

which drain a number of hepatic sinusoids and
enter either a central or sublobular venule.

4. The hepatic sinusoids.'0

Data from studies of prolonged hemor-
rhagic hypotension in the dog from this
laboratory have not supported these con-
cepts.26 The present study was undertaken
to investigate the radiologic appearance of
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and the pressure changes in the portal and
hepatic veins and the inferior vena cava
before and after hemorrhage and after re-
infusion of the shed blood. At the same
time, changes in the volume, shape and
color of the liver were also studied.

Methods
Forty adult mongrel dogs (15 females

and 25 males) weighing between 10.0 and
24.1 Kg. were studied. The venous pres-
sures were measured in 35 animals, and
changes in liver volume were studied in
five animals.

All were anesthetized with intravenous
pentobarbital sodium (27 mg./ Kg.), and
an endotracheal tube was passed to insure
a clear airway. The abdomen was opened
through an upper midline incision. The
portal vein was cannulated via a large
branch of t-he splenic vein except for
two experiments where the cannulation
was performed via a branch of the supe-
rior mesenteric vein in one and the left
branch of the portal vein in the other. The
left hepatic vein was exposed between the
left central and left lateral lobes of the
liver and a cannula inserted according to
the method of Shoemaker et al.23 This
method was preferred to the alternative of
inserting a cannula into the inferior vena
cava and thence into a hepatic vein, as
we wished to avoid mechanical interfer-
ence with any possible sphincteric mecha-
nism at the junction of these two vessels.
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The inferior vena cava was cannulated
via the right common femoral vein, the tip
of the cannula being placed opposite the
point of entry of the left hepatic vein. The
position was checked by palpation and by
radiography, and was later confirmed by
direct examination at autopsy. This careful
positioning of the vena caval catheter was

necessary to insure an accurate comparison
between the pressures in the vena cava and
left hepatic vein. Otherwise, the pressure

gradient that normally exists between the
caudal and cephalic portions of the ab-
dominal and thoracic portions of this vessel
would have caused misleading results.

In some dogs a second cannula was in-
serted into the lower vena cava for in-
jecting contrast medium. The aorta was

cannulated via the femoral arteries, one

cannula being used for bleeding the ani-
mal and the second was connected to either
a mercury manometer or a Statham pres-

sure transducer and Grass polygraph for
measuring arterial blood pressures. Each
venous cannula was connected to a saline
manometer, all measurements being re-

ferred to the level of the right atrium. The
dogs were heparinized (5 mg. heparin/
Kg.).

Serial radiographic studies were made in
13 dogs, each of the cannulated veins being
injected in turn with 7.0 ml. of 50 per cent
diatrizoate sodium (Hypaque). A series of
three to six exposures was made at 0.5- to
0.7-second intervals using the Sanchez-
Perez rapid cassette changer. Angiograms
were made before hemorrhage, at half-hour
intervals during a two- to four-hour period
of severe oligemia and hypotension and at
half-hour intervals after re-infusion of the
shed blood until the experiment was ter-
minated or the animal died. In another
seven animals, using the x-ray image in-
tensifier, cineangiograms (at 30 frames/
sec. in six animals and 60 frames/sec. in
the seventh) were made before, during and
after hemorrhage and re-infusion. In four
of the dogs Hypaque was used as described
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FIG. 1. Dog 13. Pentobarbital sodium anes-
thesia, 27 mg./Kg. Note that hepatic venous pres-
sure remained above vena caval throughout experi-
ment; portal venous pressure rose above control
level following re-infusion, but if the rise in vena
caval pressure is subtracted from the portal pres-
sure, there is no real rise in portal pressure.

above, while in the remainder 6.0 ml. of
25 per cent thorium dioxide (Thorotrast)
was used for each injection. In one animal
a constant pressure injector (injecting at a

rate of 10 ml./sec.) was used. In the re-

maining animals injections were made man-

ually with equal rapidity by the same per-

son each time. The results obtained with
the two technics were identical.
The dogs were bled to a mean arterial

pressure of 30 to 35 mm. Hg (the animals
losing an average of 44% of their estimated
blood volume **) and then kept at this
level for two to four hours, after which the
shed blood was returned to the animals.

In five dogs the experiment was modified
to measure changes in the volume of the
liver. Only the two aortic cannulas were

inserted. A balloon, enclosed in a rigid oval
carboard cylinder was placed around a por-
tion of the left central lobe of the liver and
was fixed to it by means of a suture. The
balloon was inflated with air at a pressure
of 30 mm. saline and was connected via
a Statham pressure transducer to a Grass

** Blood volume estimated at 9.0 per cent of
body weight.
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DOG No. 12 ARTERIAL AND VENOUS PRESSURES
IN PROLONGED OUGEMIC HYPOTENSION

50

200

VENOUS PRESSURE

IN MILLIMETERS 1SO
OF SALINE

00

polygraph for recording changes which
would be proportional to changes in liver
volume following bleeding and re-infusion
as described.

In four dogs the liver and an adjacent
ruler were photographed in color at inter-
vals before bleeding, during a two-hour
period of oligemia and following re-infu-
sion. An identical technic was used for all
the photographs.
Twenty-one of the 40 animals died either

toward the end of the period of oligemia,
shortly after re-infusion, or within two
hours after re-infusion. The remaining ani-

mals were sacrificed 45 minutes to four
hours after re-infusion. Autopsies were per-

formed in all the animals. The color, size
and shape of the liver were noted and the
positions of the vena caval and hepatic vein
catheters were checked.

Results

Pressures. All the venous pressures fell
concomitant with the drop in arterial blood
pressure. The mean pressure in the left he-

patic vein (measured in 22 dogs) was usu-

ally higher than or equal to that in the

D-a PRThL VEIN
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FIG. 2. Dog 12. Pento-
barbital sodium anesthe-
sia, 27 mg./Kg. Note that
hepatic venous pressure
fell below vena caval
during entire period of
oligemia; portal venous
pressure showed moder-
ate elevation above con-
trol levels with re-infusion
and was still raised at
end of experiment, 45
minutes after re-infusion.

vena cava opposite the left hepatic vein
orifice (Fig. 1). The two pressures behaved
similarly throughout the experiment, re-

maining low during the period of oligemia,
and rising together after re-infusion to lev-
els above the control in nine of 13 animals.
In three dogs, however, the mean hepatic
venous pressure fell below the mean caval
pressure as soon as bleeding commenced
and remained at this level until the animal
was re-infused (Fig. 2). Hepatic venous

pressure fell from 0.4 to 5.2 cm. of saline
solution below vena caval pressure. In four
other dogs the hepatic vein pressure was

0.4 to 1.5 cm. of saline solution below caval
during oligemia, for periods ranging from
ten to 45 minutes.

Additional data relating to these obser-
vations were obtained as follows in three
dogs before bleeding: First, the left branch
of the portal vein was clamped. Twenty
minutes later the left branch of the hepatic
artery was clamped, each clamp being left
in position for a further 20 minutes. The
pressure in the hepatic vein fell slightly
and transiently, but remained higher than
or equal to that in the vena cava. Thus,
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the lower than caval pressures in the left
hepatic vein were not to be explained by
reduced inflow into the left lobe of the
liver.

In nine dogs hepatic venous pressure
following re-infusion exceeded the control
figure. However, in three of these the abso-
lute rise was no longer apparent when the
concomitant rise in vena caval pressure was
subtracted from it. The absolute rises in
hepatic venous pressure were 1.5, 2.0 and
6.7 cm. of saline solution, respectively,
while the rises in vena caval pressures were
1.8, 2.0 and 6.9 cm. of saline solution, re-
spectively. Six of the nine animals showed
relative as well as absolute rises in hepatic
venous pressure. In these six the mean rise
from control was 3.9 cm. of saline solution
(range 1.1 to 9.2 cm.). The mean rise in
vena caval pressure was 0.3 cm. of saline
solution (range 0 to 1.4 cm.). The mean
rise in hepatic venous pressure above the
mean rise in vena caval pressure was 3.6
cm. of saline solution.
Of the remaining 22 dogs, nine died
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before or during re-infusion while in three
the pressure equalled the control figure and
in one it remained below the control. Of
the six dogs which showed an increase in
hepatic venous pressure following re-infu-
sion, five had an associated marked increase
in portal venous pressure.

Portal pressures fell immediately with
hemorrhage (Fig. 1-3), but tended to rise
toward normal during the latter part of
the oligemic period (Fig. 3). In 27 of 35
dogs the pressure rose well above control
levels after re-infusion, but in four there
was no significant rise of pressure above
control. Four dogs died before re-infusion.
The pressures then fell, this fall being
closely related to arterial blood pressure,
falling to control levels within 15 to 30
minutes in animals showing a rapid decline
in blood pressure, and falling more slowly
in those where the decline in blood pres-
sure occurred more slowly.

Control levels usually were reached
within one to one-and-a-half hours after
re-infusion. However, in four animals

DOG No. 10 ARTERIAL AND VENOUS PRESSURES IN PROLONGED

OLIGEMIC HYPOTENSION

FIG. 3. Dog. 10. Pen-
tobarbital sodium anes-
thesia, 27 mg./Kg. Note
that portal venous pres-
sure tended to rise toward
control level in latter part
of oligemic period. It
rose well above control
level with re-infusion and
fell with decline in ar-
terial blood pressure. It
reached control level just
over an hour after re-

infusion.
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which showed little decline in arterial blood
pressure at the time they were sacrificed
(45 minutes to two hours after re-infusion)

FIG. 4. Dog 10. Pentobarbital sodium anes-

thesia, 27 mg./Kg. Cannula in portal vein. A. Por-
tal phlebogram before hemorrhage. B. Phlebo-
gram during oligemia showing narrowing of portal
venous tree with increased opacification. Note,
also, retrograde filling of splenic vein and superior
mesenteric veins. C. Phlebogram after re-infusion,
showing return of portal vein to normal caliber and
reduced opacification.

Annals of Surgery
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the portal pressures remained above con-
trol levels.

Radiologic Findings. Portal System. Be-
fore bleeding, injections of contrast me-
dium outlined the portal vein and its
branches as illustrated in Figures 4A and
5A. The portal phlebograms were similar
in all cases, showing the major branches
and the numerous intrahepatic ramifica-
tions of the vein. Immediately after hem-
orrhage the portal phlebogram showed
clear diminution in caliber (Fig. 4B, 5B),
which persisted throughout the period of
oligemia. There was better visualization of
the vein and its branches than before olig-
emia and hypotension, because the flow
was slower and there was less dilution of
the injected contrast medium by the blood
stream. In three animals, portions of the
intrahepatic portal system failed to fill with
contrast medium during oligemia. Four of
the 20 animals studied died before re-
infusion. Of the remaining animals 11 dem-
onstrated return of the portal vein to nor-
mal caliber following re-infusion (Fig. 4C)
associated with a rise of arterial blood pres-
sure to control or near control levels. In
five animals, however, the vein and its
branches remained narrowed and radio-
logically dense (Fig. 5C), though not quite
as dense as in the period of oligemia. In
four of these animals arterial blood pres-
sure rose, with re-infusion, to a mean of
68 per cent of the control blood pressure,
while in the fifth animal it returned to
control levels.
As the blood pressure declined during

normovolemic shock the vessels again be-
came narrow. As the condition of the ani-
mals deteriorated tributaries of the portal
vein which had previously not filled with
contrast medium became progressively
more demonstrable (Fig. SD) until, with
the death of the animal, widespread filling
of the portal system resulted. The portal
venous pressures showed no tendency to
rise at this stage. This retrograde filling
occurred within ten to 15 minutes of the
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FIG. 5. Dog 2. Pento-
barbital sodium anesthe-
sia, 27 mg./Kg. Cannula
in branch of superior
mesenteric vein. A. Portal
phlebogram before hem-
orrhage. B. Phlebogram
during oligemia show-

ing narrowed vessels. C.
Phlebogram 35 minutes

after re-infusion and 105
minutes before death; ar-
terial blood pressure at
this time: 25 mm. Hg.
Further narrowing of the
vessel has occurred and
retrograde filling of trib-
utaries has commenced.
D. Phlebogram 15 min-
utes before death; arterial
blood pressure at this
time: 15 to 20 mm. Hg.
Retrograde filling has be-
come much more exten-
sive.

death of the animal, with the exception of

one animal, in which it commenced 105

minutes before death, when its blood pres-

sure had declined to 25 mm. Hg.

Hepatic Vein. The picture obtained de-

pended upon which direction the catheter

was directed. If the tip was passed toward

the sinusoids the oncoming blood as well

as the outfiowing blood was opacified and

a long length of the vein could be demon-

strated (Fig. 6). If the tip was passed

toward the junction with the vena cava

only the outfiowing blood was opacified

and a relatively short length of the vein

could then be shown radiologically (Fig.

7).

FIG. 6. Dog 14. Pentobarbital sodium anes-

thesia 27 mg./Kg. Catheter in main left hepatic
vein with tip directed toward sinusoids. Phlebo-
gram during oligemia showing narrowed vessel,
with increased opacification. Reflux has occurred
into distal vena cava, into orifice of right hepatic
vein and into vein draining left posterior lobe of
liver. No evidence of a sphincter or other obstruct-
ing mechanism in vein can be seen.

Volume 158
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FIG. 7. Dog 7. Pentobarbital sodium anes-

thesia, 27 mg./Kg. Cannula in left hepatic vein
with tip directed toward vena cava. Phlebogram
before hemorrhage. Relatively short segment of
hepatic vein shown, clearly outlining junction with
vena cava. An almost identical picture was ob-
tained after re-infusion.

The changes in the hepatic vein were

similar to those described in the portal vein
except that narrowing of this vessel during
oligemia was less apparent than in the por-

tal vein. No sphincteric mechanism could
be demonstrated either at the junction of
the hepatic vein with the vena cava or

anywhere along the course of the hepatic
vein (Fig. 6, 8C). At all times there was

a free flow of the contrast medium into
the vena cava. In fact, it was not uncom-

mon to see reflux of the contrast medium
from upper parts of the vena cava into the
orifices of the right and left hepatic veins
(Fig. 6) and into the inferior vena cava

distal to them. This reflux appeared to

coincide with the contractions of the right
atrium and in one animal it was related
to the phases of the respiratory cycle, reflux
occurring at the height of expiration.

In the terminal stages before death, trib-
utaries of the hepatic vein which previously
had not been visible became progressively
more obvious until at the time of death,
the hepatic venous system and inferior
vena cava could easily be outlined (Fig.
8D).
With the exception of four dogs which

were kept in the left oblique position, all

studies were done with the animal supine,
as autopsy studies showed that in this posi-

Annals of Surgery
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tion the left hepatic vein and inferior vena
cava were roughly in the same horizontal
plane. However, one dog's position was
changed from time to time to study the
effects of gravity. During the control pe-
riod, posture did not affect the emptying
of the vein. However, during oligemia, with
the dog in the right lateral position, there
was more rapid emptying of the left he-
patic vein, while in the left lateral position
the already sluggish circulation in this vein
became even slower, resulting in a con-
siderable delay in emptying of the vein
following the injection of the contrast me-
dium. These results suggest that at the low
venous pressures present in severe oligemia
gravity may play a part in causing blood to
be detained in the more dependent regions
of the liver. Possibly the high specific grav-
ity of the contrast medium may contribute
to this effect.

Inferior Vena Cava. The findings here
were similar to those already described for
the portal and hepatic veins, with marked
slowing of the circulation and greater opac-
ification occurring during oligemia. On
occasion, only during oligemia, reflux of
contrast medium occurred from the inferior
vena cava into the left and right hepatic
veins (Fig. 8B). However, there was no
constant relationship between free reflux
and the occasional recording of hepatic ve-
nous pressures below those in the vena
cava.
At no time was any gross dilatation of

the vena cava seen to suggest the possi-
bility of pooling of blood in the vena cava
as the animals deteriorated. Vena caval di-
latation was noted only as a terminal event
shortly before death (Fig. 8D) in all ani-
mals who died during the course of the
experiment.
Changes of Liver Volume. The balloon

used was enclosed in a rigid cardboard cyl-
inder to prevent pressure on it from move-
ment of the diaphragm. Although it was
not possible completely to eliminate re-
spiratory artifacts, they were not sufficient
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FIG. 8. Dog 13. Pen-
tobarbital sodium anes-
thesia, 27 mg./kg. One
catheter in inferior vena
cava, a second in left he-
patic vein with tip di-
rected toward inferior
vena cava. A. Vena caval
phlebogram before hem-
orrhage. B. Vena caval
phlebogram during olig-
emia, showing increased
opacification and reflux
into right and left he- '
patic veins. C. Left he-
patic plebogram during
oligemia, showing nar-
rowing, increased opacifi-
cation and, reflux into
distal vena cava. No
sphincteric constriction
was demonstrable. D.
Left hepatic phlebogram
a few minutes before
death, showing wide-
spread retrograde filling
of left and right hepatic ;
veins, distal vena cava,
and left inferior phrenic
vein.

to interfere with the recordings, and the
instrument provided a sensitive index of
changes in liver volume. Bleeding resulted
in an obvious decrease in liver volume
while re-infusion resulted in enlargement
of the liver to normal or near normal vol-
ume. All changes occurred promptly fol-
lowing hemorrhage or re-infusion. At no
stage did we find an increase in liver vol-
ume suggestive of the hepatic engorgement
which has been reported for the dog when
shock becomes irreversible.13

If the re-infused dog was then made
hypervolemic by a transfusion of donor
blood or low molecular weight dextran, the
volume of the liver increased further and
reached levels above the control level. If
such an animal was subsequently bled the
liver volume again decreased.

Discussion
Measurements of blood pressure in the

portal vein, the hepatic vein and the vena
cava, and study of serial radiographs and
cine-angiograms in various stages of hem-
orrhagic hypotension and shock failed to

:ENOUS SYSTEM IN SHOCK
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support the concept that one cause, if not
the principal cause in the dog, of fatal
normovolemic shock is a damming of blood
behind the venous outflow of the liver,
the excess of blood thus detained in the
hepatic and splanchnic area being unavail-
able for the cardiac output. Were the data
to have supported the concept of a sphinc-
teric effect in the vena caval end of the
hepatic vein, then the hepatic venous pres-
sures should have increased when the ani-
mals which had been kept oligemic and hy-
potensive sufficiently long were re-infused,
or when they began to deteriorate at a
later stage. By the same mechanism, the
portal venous pressures should have in-
creased. If the sphincteric mechanism were
at the level of the intrahepatic sinusoids,
then one might have observed an increase
in portal venous pressure with no change
or possibly a decrease in hepatic venous
pressure.

These effects did not occur. In seven of
13 dogs in which hepatic venous pressure
was measured after re-infusion there was
no rise in pressure above control levels. In

679T- - I. - I. ._11 s*
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the remaining six animals hepatic venous
pressures were elevated immediately after
re-infusion, but there was no associated
radiographic evidence of retention of blood
in the hepatic vein to account for this. On
cine-angiography the injected contrast me-
dium flowed into the vena cava without
delay. The rise in hepatic venous pressure
must, therefore, have resulted from an in-
creased blood flow into and through the
liver, as borne out by the fact that in five
of these six animals there was an associated
rise in portal venous pressure.
While portal pressures were elevated in

nearly all cases after re-infusion, this
change, in some, was more apparent than
real. Thus, in a previous group of experi-
ments there was no real increase in one
fourth of the cases.20 In the present series,
eight of 31 dogs (26%o) showed either no
rise above control levels of portal pressure
relative to vena caval pressure or a rise
which was of no significance. In five of
these eight animals there was a poor re-
sponse of the arterial blood pressure to re-
infusion and the animals died within 15
minutes after re-infusion. In the remaining
three animals, arterial pressure did rise to
control levels, but was sustained until ter-
mination of the experiment in only one.
These data suggest that the raised portal
pressure is dependent more on elevation of
mean arterial pressure (and, therefore,
mesenteric and hepatic arterial pressure)
to control levels than on increased resist-
ance to outflow from the liver. This is sup-
ported by the fact that these rises in pres-
sure were only temporary. They began to
fall, on many occasions, before the mean
arterial pressure began to fall and may
simply represent a temporary increase in
splanchnic flow following the prolonged
period of splanchnic relative ischemia. On
no occasion did the hepatic and portal
pressures remain elevated while the sys-
temic (and hepatic and mesenteric) ar-
terial pressures fell.
These observations differ from those

Annals of Surgery
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of several workers 7,13, 24, 30-32 who have
shown24, 31 that immediately after re-infu-
sion hepatic blood flow does not exceed
control values. They attributed the increase
in portal pressure to an increased outflow
resistance in the liver, which may be sec-
ondary to liberation of norepinephrine,24
acidosis without hypoxia,lO. 26 hypoxia with-
out acidosis 26 or a combination of acidosis
and hypoxia.
On the other hand, the data presented

are in keeping with the findings of other
workers 2 5,319, 20, 27 who demonstrated a re-
active hyperemia 20 of the splanchnic area
following re-infusion. They found dimin-
ished splanchnic vascular resistance, which
persisted for approximately 30 minutes
after re-infusion, and resulted in increased
portal venous flow.
The concept that increased splanchnic

flow is the cause of the raised portal pres-
sure after re-infusion is further strengthened
by the work of Shaldon et al.22 who, in
studies of portal hemodynamics in normal
and cirrhotic patients, showed the converse,
namely, that if the splanchnic resistance is
increased by administration of vasopressin
(Pitressin), hepatic blood flow was reduced
by 40 per cent, and portal venous pressures
fell by 39 per cent of the control figure.

If increased splanchnic flow is the mecha-
nism responsible for the raised portal pres-
sure we would expect to find an increase
above control levels of the oxygen content
of the portal venous blood after re-infusion,
in keeping with reactive hyperemia in other
areas. Selkurt and Brecher 19 have shown
this, in fact, does occur.

Increased splanchnic blood flow rather
than damming of blood in the portal system
may explain the characteristic congestion,
hemorrhages and necrosis seen in the in-
testines of dogs subjected to severe hemor-
rhagic hypotension. Thus, Lillehei11 has
shown that these changes still occur even in
animals where the portal system was de-
compressed by the prior construction of an

Eck fistula. The hemorrhages and necrosis,



Volume 1S8 PORTAL AND HEPATIC V
Number 4

under these conditions, were apparently
the result of critical ischemia occurring dur-
ing the shock period, with subsequent leak-
age of blood from the reopened anoxic ves-
sels. If pooling of blood in the portal sys-
tem is a major factor in causing irreversi-
bility, one would expect a significant in-
crease in the weight of the intestines after
re-infusion. In fact, it has been shown that
this does not occur.2'

Further evidence against the concept of
damming of blood behind an obstruction in
the venous outflow of the liver is provided
by the angiographic studies. These showed
that following re-infusion there was no
hold-up of portal blood flow through the
liver, at a time when the portal pressure
was markedly elevated. The previously
narrowed portal veins returned to their nor-
mal caliber except in the animals in which
arterial blood pressure failed to return to
control levels. In general, the angiograms
failed to show the disparity in caliber be-
tween the intrahepatic and extrahepatic
portions of the portal vein reported by
Friedman et al.7 and to which was at-
tributed the damming of blood in the portal
system. Friedman et al. noted further con-
striction of the portal veins as the normo-
volemic period progressed, whether or not
there was a fall in systemic arterial pres-
sure. On the other hand, we found that this
change occurred only with a decline in
arterial blood pressure.

Retrograde filling of the portal venous
tributaries (associated with prograde filling
as well) was not a prominent feature dur-
ing the period of oligemia occurring in only
three animals (Fig. 4B). During normo-
volemic shock the portal venous bed opened
only as a terminal event a short time before
death. At this stage portal venous pressure
was lower than the control level and
showed no tendency to rise as one would
have expected if the changes were due to
an obstruction to the outflow through the
liver.

Retrograde filling of tributaries was not

EI, qOUS SYSTEM IN SHOCK 681

confined to the portal system, but was also
observed in the hepatic veins and in the
inferior vena cava. This may have repre-
sented a loss of venomotor tone in keeping
with the finding of Alexander 1 of a fall in
venomotor tone as the animal's condition
continued to deteriorate.

Finally, in no case was there any sug-
gestion that an obstruction, either func-
tional or anatomic, developed along the
course of the hepatic vein.
"The much discussed but infrequently

demonstrated sphincteric mechanism in the
hepatic veins" 13 iS still the subject of much
controversy. Guntheroth and Mullins 9 have
pointed out that many of the physiologic
studies on which the existence of these
sphincters is based were largely pharmaco-
logic studies, often with extirpated organs,
usually with indirect methods and under
unnatural conditions.

Inspection of the liver throughout the
course of the experiment supported by sub-
sequent studies of photographs in color,
also failed to support the concept of dam-
ming of blood in the liver. The expected
purple engorgement of the tense liver was
not found after rapid infusion of reservoir
blood following prolonged oligemia and
hypotension. At autopsy this organ retained
the reddish brown color it had at the com-
mencement of the experiment. It did not
appear to be enlarged and, with rare ex-
ceptions, had well defined sharp edges. En-
gorgement and enlargement of the liver
with rounding of the edges was found only
in four animals made hypervolemic with
donor blood or dextran, and in five animals
whose condition was deteriorating and
which were re-infused very rapidly with
reservoir blood. These developed very high
vena caval, hepatic and portal pressures, in-
dicating terminal failure of the heart. They
died very promptly after re-infusion.

Certain other findings deserve comment.
In seven of 22 animals the hepatic venous
pressure apparently fell below vena caval
pressure during oligemia. This finding could
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be attributed to technical error,8' 14 but
other explanations are possible. The failure
to find a significantly lower pressure in the
left hepatic vein after clamping the left
hepatic artery and left branch of the portal
vein suggests that the fall in hepatic venous
pressure below vena caval pressure could
not be attributed to a reduction in blood
flow into the left lobe of the liver.
A possible explanation for this apparently

paradoxical pressure difference is a Ber-
noulli effect resulting, possibly from the
hepatic inflow of blood being slowed more
than the linear velocity of flow in the vena
cava is slowed.
Another possible explanation is offered

by the report of Nakata et al.14 who ob-
served, in the rat, that hepatic venous flow
is intermittent and related to the respiratory
cycle. They demonstrated that retrograde
flow may occur from the vena cava into
the hepatic veins with inspiration. A similar
mechanism may come into play at the low
venous pressures in severe oligemia, but
radiologically demonstrable reflux was pres-
ent only at the height of expiration instead
of inspiration.

Radiologic narrowing of the hepatic vein
during oligemia was not as great as that of
the portal vein confirming a finding of
Friedman et a1J7 This effect possibly is due
to liberation of epinephrine during oligemia,
as these authors found that in the normal
dog administration of epinephrine caused
greater constriction of the portal vein than
of the hepatic vein.
The marked narrowing seen in the portal

vein during oligemia may be a purely pas-
sive phenomenon, the vessels merely ac-
commodating themselves to the diminished
amount of blood in the splanchnic system.
On the other hand, active constriction of
the vessels could be involved. Several fac-
tors favor the latter interpretation. There is
a well developed muscular coat in the
portal vein3 which is capable of strong
contraction as is often seen when dissecting
the vein or its tributaries. Isolated segments
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of the portal vein constrict with epineph-
rine 3 which is liberated in large quantities
into the circulation after hemorrhage.'8 The
concept of active constriction is supported
by Reynell et al.17 who, on the basis of
splanchnic blood flow and splanchnic vol-
ume studies after hemorrhage, concluded
that the splanchnic vasculature contributes
actively to circulatory homeostasis by a re-
duction in capacity.
The finding in three animals that por-

tions of the intrahepatic portal system
failed to fill during severe oligemia, is in
keeping with the observation of Prichard
and Daniel '5 in the normal rat that, at
times, the circulation is maintained through
the deeper regions of the liver, while the
superficial parts fail to be perfused.

In conclusion, we believe that the raised
portal and hepatic venous pressures follow-
ing re-infusion are secondary to increased
splanchnic blood flow, a reactive hyperemia
occurring in the intestines just as it occurs
in other organs subjected to a temporary
ischemia. On the basis of our other find-
ings, it is possible that in normovolemic
shock there may be a general loss of veno-
motor tone with widespread retention of
blood in the venous system as a whole, and
not confined only to the splanchnic bed.
This failure of venous return contributes
materially to the ultimate circulatory fail-
ure.

Summary and Conclusions

Pressures in the portal vein, left hepatic
vein and inferior vena cava were measured
in 35 dogs before and after a severe hemor-
rhage and after re-infusion of the shed
blood.

In another five dogs changes in liver
volume, occurring under these conditions
were studied.

In 20 of the dogs radiographic studies of
the portal vein, hepatic vein and vena cava
were made before and after hemorrhage
and after re-infusion of the shed blood.
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The rise in portal venous pressure follow-
ing re-infusion began to decline soon after
completion of the re-infusion and usually
reached control levels within one to one-
and-a-half hours. It thus appeared un-
likely that progressive hepatic outflow ob-
struction could account for progressive de-
terioration of the animals by causing pool-
ing or damming of blood in the liver and
splanchnic bed.
An apparently reversed pressure gradient

between the left hepatic vein and inferior
vena cava was found during severe oligemia
in seven out of 22 animals.

Radiologic narrowing of the portal vein
and, to a lesser extent, of the left hepatic
vein and inferior vena cava was observed
during oligemia, with return to grossly nor-
mal, and not increased, caliber following
re-infusion.
No evidence of a sphincteric mechanism

could be demonstrated in the left hepatic
vein.
Only in the very terminal stages, shortly

before death, was evidence of pooling noted
in the portal system. Pooling was not con-
fined to this vascular bed but occurred, also,
in the hepatic veins and inferior vena cava.

Possibly widespread loss of tone occurs
in the venous system throughout the body
so that large volumes of blood may be ac-
commodated without rise in pressure in
veins with loose perivenous support. This
final and progressive venomotor paralysis
could account for the decreased venous re-
turn to the heart and the progressive de-
terioration of the animal.
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