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and disease is as.follows., At the arterial end of

the capillary the hydrostatic force is greatly in

excess, therefore fluids pass into the tissue., As

the blood advances in its course the blood pressure

falls rapidly, the oncotic pressure rises very slowly,
because of the hemoconcentration that has resulted from
loss of blood water at the arterial end of the capillary,
until eventually it exceeds the hydrostatic pressure, and
at the venous end of the capillary the flow of the fluid
is reversed, passing from the tissues to the blood. The
predominent direction of fluid exchange between blood
and tissue spaces rust, according to this conception ,
depend upon the relative magnitudes of hydrostatic and
oncotic pressures throughout the full course of the
blood in the capillaries.

Factors which reduce hydrostatic pressure or
increase oncotic pressure in the capillary bed will
promote absorption of fluids from the tissue spaces
into the blood stream; while influences which increase
hydrostatic pressure or diminish oncotic pressure will
favor transudation and the development of edema.

The total blood proteins have been found to vary
between 6.5 and 8.5 Gm. per 100 cc. Figures within
this range are considered normal by Peters and Van

Slyke (24).





















The tissue was unhealthy looking and serous fluid

could be clearly erpressed from the wound even as late
as the fourteenth day after the abdominal incision.

The tissue around the site of incision was edematous,
glistening and pale and the bleeding was not as great
as would have heen expected in a normal wound which had
been cut at right angles for a biopsy. There was no
apparent attempt at union of the wound. It seemed as
though the two surfaces were merely loosely approximated
by the sutures and the serous material was interposed,
keeping the surface bathed in a solvent which prevented
even the sticky adherence found in very early sterile
wounds,

In the sections taken from the skin, muscle,
fascia and omentum at the first operation there was
evident intracellular edema.

In the later sections taken there was little dirf-
ference with the exception that the tissue édema was a
little more prominent. Fibroblastic proliferation was
found only occasionally in the seven day section,
indicating a marked delay in fibrolblastic reseneration.
On the fourteenth day fibroblasts were seen but in
decreased numbers. The whole histologic picture was
that of a marked delay in tissue repair.

Ravdin and his associates (6) do not wish to imply

that disruption of all abdominal wounds is associated
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relations as a result of the foregoing factor, plus the
addition of excessive amounts of sodium chloride, result-
ing in a movement of sodium to the tissue along with the
water. Such an hypothesis is in accord with the results
obtained in numerous experimental observations by Moore
and Van Slyke.

In one case discussed prior to operation the serum
protein was apparently at a normal level (6. 5 Gm., per
hundred cc). Such an apparently normal figure is not
uncomnon in association with dehydration and may give a
false sense of security. Once a slight excess of fluid
has been given the serum protein drops rapidly. Wnder
the observation of Jones and Eaton (2) it has dropped
from 6.2 Gm. to 4.4 Gm. in eight days. In this case
as soon as diuresis was established the edema disappear-
ed rapidly and the serum protein rose, In this same
series three cases of potential edema following an
operation for appendicitis were reported. In these
cases there was no undernutrition before operation
but following operation the excessive administration of
fluids and salt was very striking. For the first five
days after operation these patients were given approximate-
ly 2600 cc. of fluid per day. It is quite possible that
an intake of 2.5 liters of fluid was advisable in view

of the elevated temperature with constant loss of water
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but there is little reason to warrent the administration
of over 19 Gm. of salt a day for nearly a week. It is
possible that the lowering of serum protein in this

case was due solely to dilution by excessive fluids
especially by the intravenous route. ZExperimental

work by Beard and Blalock as shown by Jones and Eaton

(2) would indicate that this may be a partial explanation
of this phenomena.

There are two other factors which may have contribut-
ed to the lowering of the serum protein and the develop-
ment of edema. In each instance because of the localized
peritonitis associated with a gangrenous appendix,
drainage was necessarily established and was profuse.
Here then was a cause for the lowering of serum protein,
namely, loss of serum protein by actual drainage.

Jones (2) states that he has not noticed edema in simple
cases of appendicitis where no drainage is needed that
is if the serum »nrotein was normal. He also states

that his own animal experiments would seem to indicate
that drainage alone will apparently act as a factor in
lowering the protein content of the blood and in the
development of edema. It is also conceivable that
sepsis even if localized and properly drained may cause
a greater generalized capillary permeability with the

escape of fluid into the tissues.
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In one case reported in this series the mechanism
for the production of edema differed from the preceding
cases and was of some interest. No element of under-
nutrition was present. In this case there was a tremendous
loss of protein associated with a hemorrhage which dropped
the red blood cell count to about 1,000,000 although
surgical intervention immediately after a hemorrhage from
a duodenal ulcer is not usually indicated, continous
bleeding occasionally necessitates an operation. Under
such circumstances the administration of fluids and salt
that is a normal consequent of gastro-intestinal surgical
procedures might have resulted in edema or more serious
oroblems,

One might ask what is the actual critical level for
serum protein at which edema begins to develop. Van
Slyke (24) and others have shown that a level of 5.5
plus or minus .3 Gm. per 100 cc. constitutes the point
where fluid begins to leave the blood and accumulates
in the tissues.

In 1931 Lepora (1l4) made a study of water and
chloride metabolism in dogs during the development of
low serum protein edema. The sites of deposit of water
and chloride were determined by analysis of tissue
obtained from sacrificed animals. A known diet was
fed to the dogs the blood was removed every day from

I to 7 days and was deprived of its plasma, the cells
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being injected back into the dog. At a suitable time
the dogs were sacrificed. In these.dogs edema was
found to occur consistently when the serum protein
concentration was below 4 Gm. per 100 cc. This is the
equivalent of 5,5 Gm. per 100 cc. in man. The occurrence
of edema was associated with retention of sodium chloride
and water. The skin contained most of the water while
the most of the retained chloride was found in the
muscle. It was concluded from this that the edema which
occurs in dogs rendered hypoproteinemic is a sodium
edema which is facilitated by the presence of a low
serum protein concentration and exaggerated by increasing
the sodium chloride and water intake of the animals.

Ravdin (4) states that it is not uncommon to
experience the disappointment after what is considered
a technically perfect operation for gastro or duodenal
ulcer or gastric malignancy, the newly provided stoma
has failed to function. This has been noted after a
variety of surgical procedures and it makes little
difference whether the Billroth I or II operations are
used or whether any of the many modifications are used.
The interference with normal gastric emptying and the
prolonged loss of fluids and electrolytes may be so
serious as to cost the patient his life.

Even when this outcome does not occur the surgeon

is faced with the problem of deciding whether reoperation
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is necessary. The secondary operation is attended by

a higher risk than the primary oneration and likewise

a delay may seriously reduce the chances of a secondary
operation.

There have been many theories as to the origin of
the cause of this retardation in gastric emptying. The
most recent one is that of hypoproteinemia and is more
than a theory since it has been substantiated by many
experiments carried out by Ravdin.

These workers have found that following any re-
section or anastomosis there is a certain amount of
edena associated with the trauma of the operation.

They also state that under favorable conditions the
excess of extracellular fluid returns to the circulation
and the edema of trauma disappears. They have observed
in certain cases where the edema, gastric retention

and regurgitant vomiting continue long past the time
when the edema of simple trauma could produce and
obstruction at the stoma site. In these cases the
decision must be made whether or not to reoperate. It
wes found that in this type of patient there was usually
some dietary deficit, at time due to medical treatment
and at times due to self restricted diets because of
pain or vomiting or toth. Although it 1s not evident

when the patient is first observed, there is in such

instances an actual serum protein deficiency. The
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