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Effect of a Liver Bypass and Overtransfusion on “Trapping” of
Red Cells.* (29826)

S. DeavErs, E. L. Smita anp R. A. HuccINs
Departments of Physiology, Baylor University College of Medicine and University of Texas
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When a dog whose red cell volume is known
is overtransfused with blood containing a
known volume of red cells, the final measured
cell volume is less than expected(1,2). The
term “trapped” has been applied to these
missing cells on the assumption that they are
still in the circulation, but as a consequence
of the overtransfusion have been sequestered
and are not in the active circulation. An at-
tempt was made to locate the red cells after
an overtransfusion, and it was found that
there was a marked increase in the volume of
red cells in the liver, representing 46% of the
trapped cells(3). In the present experiment,
trapping of cells by the liver was prevented,
and the effect of this procedure on trapping
in the rest of the circulation was measured.

Methods. The dogs were anesthetized with

* This study was supported in part by a grant from
Nat. Heart Inst., USPHS and in part by the Medical
Research and Development Board, Office of Surgeon
General, Dépt. of the Army.

10 mg/kg morphine sulfate subcutaneously
followed in 20 minutes with 15 mg/kg pento-
barbital. Cell and plasma volumes were de-
termined by the Cr5!-tagged red cell and T-
1824 dye dilution methods, respectively(4).
Plasma protein concentration was calculated
from the specific gravity measured by the
falling drop method(5). Mean arterial blood
pressure in the left common carotid artery
was measured by a mercury manometer.
Blood samples were taken from the right
atrium through an indwelling #8 or #9
cardiac catheter. The left and right femoral
veins were isolated for injection of the tag-
ging materials and for infusion of blood.

Two groups of dogs were used. A group
of 6 dogs was operated on to create a portal
vein to femoral vein shunt. Blood volume
and protein determinations were done imme-
diately before and after the bypass and
samples obtained over the following 2%4- to
3-hour period. In the 12 dogs of the second
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group, the shunt was made before determina-
tions were made of cell, plasma volumes and
protein concentration, following which they
were given a transfusion of a mean volume
of 45.4 ml/kg of whole blood at a mean rate
of 0.85 ml/kg/min. Twenty minutes after
the transfusion the determinations were re-
peated with samples taken up to 2 hours
after injection of the tagging materials.

Procedure for liver bypass. A midline in-
cision was made, the viscera exposed, and a
2 to 3 cm section of the portal vein was
isolated as close to the liver as possible. Three
ligatures were placed on the vein: one was
tied as close to the liver as possible, the more
distal one was used for occluding the blood
flow during insertion of the cannula, and the
third one to tie the U-shaped cannula into
the portal vein. This cannula was connected
with polyethylene tubing to a straight glass
cannula which was inserted and tied securely
into the right femoral vein. Cannulae and
tubing used were approximately the size of
the portal and femoral veins, respectively.
The hepatic artery was tied off just before
the cannulae were inserted, the total proce-
dure requiring approximately 20 minutes.
Blood loss during the operation was negli-
gible. While the mean arterial pressure fell
during the occlusion of the portal vein, a
period of about 5 minutes, as soon as the
blood flow was reestablished blood pressure
returned close to the initial level.

In a few dogs, portal venous pressure was
measured using a Statham pressure trans-
ducer before and after the bypass and during
transfusion following the bypass. Before the
bypass was inserted, venous pressure was
measured with a size 18 needle connected to
a transducer by teflon tubing. After inser-
tion of the bypass, the pressure was measured
through a teflon tube which had been placed
in the polyethylene tubing with the tip of the
teflon tubing extending slightly beyond the
tip of the U-shaped glass cannula. The other
end of the teflon tubing was exteriorized
through a T-connection in the bypass and
connected to the transducer.

Results. A. Liver bypass without a trans-
fusion. Table IA. Insertion of the bypass
had no statistically significant influence on
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Measured after transfusion

t Values are means and S.E. for 12 dogs with an avg wt of 12.8 + .56 kg.

* Values are means and S.E. for 6 dogs with an avg wt of 11.4 + .37 kg.

t Circulatory hematocrit/venous hematocrit.
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the measured cell and plasma volumes, total
protein, venous hematocrit and BVR_es.

The initial mean arterial pressure for the
group of 6 dogs averaged 106 =+ 11 mm Hg,
while the pressure after insertion of the by-
pass was 83 =+ 7 mm Hg. The latter mean
includes one dog whose mean pressure fell
from 150 to 80 mm Hg during the operative
procedure. In the other 5 dogs the fall in
pressure ranged from 5 to 20 mm Hg.

B. Liver bypass followed by a transfusion.
Table IB. In the group of 12 dogs given
an overtransfusion of 45 ml/kg, significant
discrepancies occurred between the measured
and expected cell and plasma volumes and
total circulating plasma proteins. The meas-
ured cell volume after the transfusion was
6.0 ml/kg less than the expected when calcu-
lated from the volume of cells the dogs had
before the transfusion and those added with
the blood. Thus, a significant volume of red
cells was trapped (6.0 ml/kg, p<0.01) as
a result of the transfusion after the bypass.
There was also a significant difference be-
tween the measured and expected plasma
volume of 25.7 ml/kg (p<<0.0001); 93%
of the plasma given during the transfusion
escaped from the circulation. Concurrent
with the plasma loss was a significant loss
of 1.39 g/kg of protein; p<<0.0001. This
amounted to 78% of the protein transfused.
Consequently plasma volume and total pro-
tein were only slightly higher after than be-
fore the transfusion, while protein concentra-
tion was significantly higher than both the
initial and the expected (p<<0.05).

The circulatory hematocrit after the trans-
fusion increased significantly (p<C0.001)
from 41.3 to 49.0% while the venous hemato-
crit increased from 454 to 49.1%. As a
result the BVR.us ratio increased signifi-
cantly (p<{0.02) from the initial 0.91 after
the bypass to 1.00 after the transfusion.

In this group, after insertion of the bypass,
mean arterial pressure was 101 += 3 mm Hg
decreasing to 90 + 3 mm Hg after the trans-
fusion. In 3 dogs there was no blood pres-
sure change while in nine dogs there was a
reduction of from 10 to 30 mm Hg.

Insertion of the bypass resulted in an in-
crease of 6 cm HoO in portal venous pressure
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in 3 dogs from the control level, and with
the overtransfusion the pressure in the portal
vein increased further by approximately 9
cm Hy0. One hour after the transfusion,
portal venous pressure had returned to the
level found prior to the transfusion.

Discussion. Although, in previous experi-
ments(3) when an overtransfusion of blood
was given, the liver was the primary organ
in which red cells were trapped, the present
experiments indicate that in the absence of
the liver from the circulation other organs
or areas of the circulation are able to trap
red cells in significant volume. In fact, in
the present experiment with the liver removed
from the circulation and an overtransfusion,
the percentage of red cells trapped was dis-
tinctly greater than with an overtransfusion
alone. Also, the volume of cells trapped was
greater in proportion to the amount of blood
transfused. In the present experiment the
bypiss and a transfusion of 45 ml/kg of
blood resulted in 6 ml/kg of trapped cells
while, with a transfusion of 50 ml/kg in
intact dogs, red cells were not trapped (un-
published data). Previously, in order to ob-
tain a comparable degree of red cell trapping
in intact dogs, a transfusion of 114 ml/kg
of blood was required(3).

A (difference between the expected and
measured plasma volume was also found:
25.7 ml/kg or 93% of the plasma infused
was unaccounted for in contrast to earlier ex-
periments with the liver in the circulation
and a transfusion of 114 ml/kg of whole
blood where 26.3 ml/kg, or only 40% of the
infused plasma, was not accounted for(3).

After the liver bypass was inserted, there
was a mean increase of 6 cm HyO in portal
venous pressure over the control level, and
a slight decrease in mean blood pressure and
in red cell and plasma volume which was not
significant. The mean circulatory and venous
hematocrits increased slightly giving a ratio
of 0.87 which is not significantly different
from the control value of 0.92. That there
was no significant shift in this ratio when
the liver was bypassed was not surprising in
view of Chien’s findings where he demon-
strated that the ratio of small to large vessel
hematocrits in the splanchnic area was the
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same as for the total circulation(6). Further,
the BVR_ s for control and eviscerated dogs
are the same(7).

Previously, after an overtransfusion, the
ratio of the two hematocrits remained the
same. In the present experiments when the
liver was bypassed and then an overtrans-
fusion was given, the circulatory hematocrit
increased more than the venous hematocrit
resulting in a BVR_q, ratio of 1.0. Under
these circumstances the involvement of the
spleen in the BVR..s ratio was probably
negligible because of the anesthetics used(8).
Also, observation of the size of the spleen
at the end of the experiment indicated that
it was contracted. This suggests that at this
time the circulating red cells were evenly dis-
tributed throughout the wvascular system.
There are two possible explanations for this
phenomenon. Either a portion of the capil-
lary bed in which cells and plasma were
differentially distributed has been eliminated
from the circulation, or, while a small area
of the circulation was shut down containing
the red cells trapped, the majority of the
capillaries had the same concentration of
red cells as the large vessels. In view of the
increased portal venous pressure after the
transfusion and the fact that on gross inspec-
tion the vessels of the splanchnic area were
found to be dilated and well-filled, the latter
alternative seems to be the likely one.
Whether the rise in portal venous pressure
plays a role in the trapping of red cells
and loss of plasma cannot be decided on the
basis of these experiments.

Summary. In anesthetized dogs, the meas-
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ured cell and plasma volumes, protein con-
centration, venous hematocrit and BVRcens
were the same before and after bypassing
the liver with a portal vein to femoral vein
shunt. An overtransfusion of blood after the
bypass produced significant changes in all
measured circulatory parameters. At the end
of the experiment the volume of trapped cells
was 33% of the cells infused, and the escaped
plasma was 93% of the infused. Protein lost
represented 78% of the infused. Circulatory
and venous hematocrits were the same after
the bypass and transfusion, suggesting that
under these circumstances cells and plasma
were evenly distributed throughout the circu-
lation. Mean arterial pressure was reduced
slightly after insertion of the bypass and
also after the overtransfusion. Portal venous
pressure increased when the liver was by-
passed and further increased after the trans-
fusion following the bypass.
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Quantitative Determination of the Group Specific Protein in
Normal Human Serum.* (29827)

F. Davip KiTcHIN AND ALEXANDER G. BEARN
The Rockefeller Institute, New York City

Three phenotypes of the group specific
a globulin (Gc) can be recognized in human
serum by starch gel and immunoelectrophore-
sis; a fast component Gc¢ 1-1, a slow com-
ponent Gc 2-2 and an intermediate com-
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