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Introduction and Definition
"ah! Make the most of what we yet mar spend
Before we too into the dust descend,"
Rubaiyat of Omar Khayyam

Too long have prophets, psalmists, and cynics pro-
claimed man's descent "into the dust," for if the truth
were spoken and man were to return to his elements, he
wauld resolve into an ignominlious puddls of mineral
water! But a charitable mind can understand both how
the ancients, and many moderns too, can fail to compre=-
hend the idea of a so0lid structure, such as the human
body, consisting of seventy percent water by weight.
Indeed 1t can be doubted that science itself knows much of
the real story of hdy water,

Approximately twenty-five percent of this mass of
water is extracellular fluid, onse-fourth of which is withe
in the vascular channels and three-fourths of which is
extravascular., Physiologically there is balance between
the vascular and eXtravascular fractions of the free body
water, =@wut in certain pathological situations this bale
ance can be dismupted, If the balance is upset in favor
of the accumulation of fluild outside the blood vessels,
edema 1s said to result, ’

wdema has been defined by Achard (1) as "aﬁ effusion
of serouz fluld into the serous cavitisess and spaces of
connective tissue." 70 follow our amalogy of the balance
of these two free componentis of the body water, we would

more exactly say that edema 1is the excessive effusion of



gerous fluid into the serous cavitiss and spaces of conn-
ective tilssue,

Disturbances of water balance of the edematous type
can occur in both inflammatory and non-inflammatory pathe
ologies, wully aware that at all points the line of de-
marcation between these two types of edemas 18 not well
defined, thls paper wishes to concern itself with the
so-called "non-infla matory" edemas, These include the
edemag8 of heart disease, nephritis, nephrosjs,malnutrition
as well as the lymphatic obstruction, hereditary (Milroy's
disease), and angioneurotic types, From among these our
attention will be centered upon the mechanisms concerned

in the cardiac, renal and malnutritional types.



History

In order to maln a clear concept of the history of
the works designed to uncover the mechanism of edema, two
approaches will be used, wirst, there will be é "ig-
torical survey" in order that the progress of thousght, and
the influence of persomalities on the problem can be de-
plcted in proper historical perspective, Secondly, there
will be a "History of gpecific Investigations," a rela-
tively detailed series of accounts on each of the indive
idual factors in edema, in order that the continuity of
thouzht, in each of these various lines of research, can

be portrayed in its logical sequence,

Historical Survey

Concern over the cause of edema dates back into the
Hel lenic Period, when mrasistratus (310-250 B, C,) first
proposgsed that dropsy arose from a disturbance of the liver,
galen (131-201 A. D.) later camcurred in this theory, but
felt that edema was fundamentally a 4disturbance of blood
formation. Since he bel leved that blood formation was a
liver function, 1t was natural for him to point out the 1li-
ver as the site of thig dysfunction, Ve cannot discuss
the history of edema without also mentioning two other
men wose anatomical discoveries made possible the contri-

but 1ons of those who followed: Harvey's discovery of the



circulation o7 the blood, and Pinel's discovery of the
circulation of the lymph, In fact, Pinel himself sug-
gested that edem was a disorder of the lymph clrcule-
ation.(1l)

Although others before him had reported the asso=
ciation of edema with various d iseases, Bright (2) in
1836 was the first to explain the mechanism of an edem,
In his reknowned work upon the renal pathology that bears
his name, he noted that the fall of serum protein was co-
incident with the lo=s of protein in the urine, From this
clue, he deduced that the water content of the blood,
hydremia, had increased, lowering the viscoslity of the
blood and so lowering its concentration that it was able
to filter through the walls of small blood vessels, By
this mechanism he explained both the albumlinuria and the
edema, and hils proposal became known as the Hydremic
Theory of wdema,

Another basic factor in edema was proposed by Sena=
tor (3). Baging his work on previous knowledge that
venous stasis and occlusion leads to loss of fluid into
the tissues, he connected the fall of serum proteins in
heart and renal edema cases to the possibility that the
capillaries were capahle of becoming permeable, He thus
explained edema as a losgss of fluld and serum protein into
the tissue due to some toxic agent increasing the permea-

bility of the capillary. To this theory of thes toxie



cause of capillary permeability Reese (4) in 1850 added
the thaught that the rise of these toxins in renal disease
was due to the failure on the part of the kidney to el=-
iminate injurious substances,

Both of the theories borm in the first half of the
nineteenth century, proposed the passage or filtration
of fluid through the ¢ aplllary wall, one because the blood
was so diluted and thinned that it could pass through and
the other because the caplllary became more adaptable to
the passage of fluid. The second half of the century
early contriated still sanother factor to be considered,
Taking Bright's ideas, Johnson (5) in 1852 and later Bar-
tels (6) and sStewart (7), combined their clinical obser-
vatioms of high Wl ood pressure with the concept of hy-
dremia and cmcluded that this increased pressure was
driving the excess intravascular fluid into the tissues,

Even virchow (8), the great pathologist, entered the
field, Concerned as he was with the changes of tigsue in
pathology, he offered an opinion in 1854 that alterations
within the tissues themselves were responsible Tor draw-
ing water into the tissues, Unfortunately his opinion did
not find attention until the end of the century.

The eighteen sSeven ties introduced two more lines of
thauzht on this problem, 1877 found Cohnheim and Lichte-
heim's (9) report on the produw tion of edem by a great

intake of galt and water and the consequent conclusion



that salt was an etiological factor in edema., In the yesar
followinz, in a bout of pure eclecticism, Rernard (10)
proposed that the whole provlem was a matter of central
nervous system control, Another line of inquiry started
early but unheralded was Ianderer's (11l) experiments in
1884 to ascertain the pressures to hick the tissue fluid
rogse within the ticsues in edema,

The theory that edemn might arise from a disturbance
of lymph circulation had been heralded by Pinel (1), the
discoverer of lymph circulation, but in 1891 Heidenhain
(12) definitely erected the theory that edema was due to a
hypersecretion of the lymph, In the years that followed
he searched for the point of lymph secretion but was une-
successful, As the controversy over the formation of
lymph by Magnus, Karangi, St&rling, and Heidenhaim finally
led to the decision that lymph was born of blood by meche
anical transudation, this above concept of edema vanished(l3).
Also in 1891 Csatary (14) first differentiated that the
loss of protein in renal edemas was mainly serum albumin,
a thread of iInformation that did not rise to prominence
until 1925, This finding, as well as others, suffered
relative intellectual burlal, uner the wave of enthus-
lasm that greeted the well known contritution of starling
in 1896.

Starling (15) hypothesized a bhalance of forces opera=

ting continuously to allow Intravascular fluid to te eXe



changed vwith tissue fluids at the capillary, He visual-
1zed the mrmal hydrostatic head of precsure forcing fluid
out ﬂaroﬁgh the walls of a standardly permeable capil-
lary. Opposed to this force was a lesser force, the
osmotic messure of the colloidal protein, constituents
of the blood, exerting a force through the semipermeable
membrans of the capillary wall to bring water bhack into
the capillany. Knowing the hydrostatic pressure fell
considerably below that of the osmotic pressure, during
the course of passing through the narrow constricted cap-
illary, he proposed: mhat during the passage of blood
through the arterial half of the capillary, where the hy-
drostatic mressure exceeded that of the blood colloids,
transudation of fluid into the tissue spaces took place;
and that in the venous half of the capillary, where the
hydrostatic pressure fell below the osmotic pressure of
the W ood proteing, fluid filtered back into the vascular
channels,

Upon the basis of this rormal mechanism, Starling
explained edema in this fashion: "mither a lowered osmotic
pressure, as would occur in a protein loss like albuminuria,
or a rise in the hydrostatic head of pressure, as in heart
pathology, would upset thﬁ balance in favor of filtfa-
tion and thus cause edema, This theory was widsly accepted

and 1 ts acceptance conferred favor on the concepts of an



inert non-factorial capillary and upon the role of hy-
drostatic pressure, It also should be noted that sStar-
ling mentioned that the pressure built up in the tiasues
was a factor in the return of fluids to the capillary,
Algso in 1896 winter (16) revived the theory of the salt
etiology of edema, propounded by Cohnheim and Lichtheim
in 1877. He proved an interchange of chloride hetween blood
and tissue fluid and with Reichel (17) provoked a series
of studies which showed a definite relation between salt
intake and the intensity of edema in the clinical course,
Oout of thelr work camZe the foundation for the researches
of Achard and widal in 1903.

Before the century ended one more prominent contri-
hution was made, mTaking up the idea of tissue change
first stated by virchow in 1852, J. Loeb (18) in 1898
proposed that an increase in the osmotic pressure of the
cell constituents was the basis of edema., But when cone
fronted by criticism and demands for clinical confirma-
tion, Loeb abandoned his theory and the possibility of
tissue change lay dommant until the era of wischer,

The young years of the twentieth contury bore fruit
in the investigations as to the role of sodium chloride
in edema, wWidal (19) in 1903 came out definitely with a
theory proclaiming fallure of the kidney to eliminate salt
and the consequent salt retention as the cause of edema,

He himself and subsequent investigators produced proof of



abnormel amounts of s2l1t retained in the tissue, but those
repeating his experiments could not agree that the failure
of the kidney to excrete salt was the prime cause, It

is interesting to note how the confirmation swung instead
to a work by D. Achard (20) who found wide fluctuations

of blood chlorides with and without edema, leading him

to hel leve that the ma jority of the g21t poured into an
individual and not lost by way of the urine must be de-
viated to the tissues. He therefore exonerated the kid-
ney from being a factor in =galt edema,

The next outstanding set of proposals were those of
Pischer (21) in 1910, fTaking up the clues of Loeb and
virchow, he drew an analogy btetween the hydrophilic prop-
erties of colloids and the drawing of water into tissue,
folloids, whenever the ph is lowered or ralsed beyond ph 7
take up water, Accordingly the tissue of the body, which
are colloidal in character, naturally become edematous
when subjected to the acidification of tisshe, catabolism
or of insufficient circulatim,

The year 1918 saw the rise of concern over the role of
edema fluid or tissue fluids, in dropsy., 1In aneffort to
cee 1f the tissue fluid was capable of exerting osmotic
pressure volhard (22) began analyzing the fluid and found
it only a physiological salt soélution with 2 small amount
of protein. The researches that followed noted a strike

ing 2imilarity in specific gravity, content, color, and



physical properties of all edema flulds, a sign heartening
those attempting to visunlize a common basic mechanism
for all edemas, During the same year Kollert and Finger
(23), basing their conclusion on plentiful reports of the
existence of a hypercholesteremia with renal edema,
theorized that edemn was the result of the kidney's inab-
11ity to eliminate cholesterol,

puring the interim since gStarling's publication of his
hydrostatic-osmotic pressure balance upset theory of edema
in 1896, many workers Gonfirmed the existence of low blood
protein levels in the various edemas, Into the midst of
this dominant line of thaught came a report by covaerts
(24) that the specific oemotic pressure, the amount per
gram of blool protein, was different in the hypertensive
individual than in the patieni with cardiac failure.

Again the discovery was too early for the psychology of
the moment, and was briefly passed over as a mere chanze
in concentration of blood plasma, later recapitulation
and clinical observation caused this explanation to be
re~cxamined,

Ry 1921, we had had seven princlple theories in the
literature, The hydremia theory of Bright; the tissue
change proposals of vwirchow, Loeb, and wmischer; the salt
retent ion theory of Achard; the hydrostatic-osmotic pres-
sure upset theory of starling; the Kollert and vinger

hypercholesteremia theory of edemnaj Senator's theory of

10
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increased capillary permeability; and Heildenhaim's theory
of hypersecretion of lymph, Begides these theoriles, specu-
lation and observations on the role of hydrostatic pressure,
edema fluid, tissue fluild, tissue pressure, and the central
nervous system had entered the literature, By thils tlme
the hydremia theory of Bright was in the decline as

Bock (25) in 1921 and others later found no evidence of

the change of plasma volume in nephritis, and Heldenhaim's
theory had fallen by the wayside when the lymph wac found
to e an end product of capillary filtration, In a review
of 1922 mpstein (26) summarized by declaring that capil-
llary damage had been demonstrated by experimenters bhut
that we had no information that increased permeability

was operanle in edema, He felt that the major factor in
edema was still the collold oanotic pressure,

In the sames year two lines of thousht on the permea-
bility problem became strongly developed: One, that there
were substances of a non-toxic neture that altered permea-
bility; and the other, that caplllary permeability was
mechanical and subject to intra-capillary pressure, Xrogh,
(27) who introduced the latter theory, proved that a cape
11lary can not hinder or accelerate the absorption of sodium
chloride amd water, T him, transudation was a purely
mechanical process, the amount dependent on the force
brought into play. mhe other school estahlished by Hame

turger (28), found that the electrolyte content of the



blood chanzed the amount of itransudation, He and his
followers proposed a substance capable of Increasinz per-
meability of cells amd lowerins surface tension of the
hlood in the blood of an edema patient,

An advance in the evaluation of the role of salt in
edema came in 1923 when I,.. Loeb (29) confirmed the pre-
renal deviation hypothesis of Achard and proved by using

various salts; potassi um chloride, calcium chloride, and

sodium chloride, that only the sodium ion was the functional

one in s2lt edema,

mhe year 1924 contrituted the observations of gchade
and ¢lausen (30), After a long series of expsriments they
concluded that under the mthology of edema the tissue
fluilds did not exert a significant osmotic pressure, They
alsgso made another contritution in that they were able to
isolate a substance in the urine of an edematous person
which increased the pe rmeability of a collodium membrane,
Tn this they strengthened the Hamburger school of non-
tovic agents as the cause of permeability of capillaries,
This year, also marked the rise of opposition to pure
acceptance of the theory that lowered blood protelns and
its lowered osmotic pressure brought on edema, ILinder,
Jundsgaard and van slyke (31) found that blood protein

level curves were not always par~llsl to the appearance

nf

gdema, Thelr report was followed by a wawve of similar

clinical reports vhich led to verney's work in 1926,

12



verney (32) in 1926 proved conclusively that the osmotic
pressure of a ziven amount of serum changed more upon Gle
lution than mere dilution could account for alone, Thus,
the discrepancies previous searchers like govaerts had
tried to explain away were turned into fact and a new
line of research in edema, "the physio-chemistry of serum
nroteins" was initia ted,

T. Mo Iandis (33), whose name ficures prominently in
this field, published the first of hils lonzg series of ob-
servations in 1928, Accepting a cue from the edema of
venous stasis, he set about to find if the ph of the blood
or carbon dioxide tension of blood affected capillary per-
meability. He found these factors operable in altering
not only permeabllity but also colloid osmotic pressure,
but not within the ranges of values of these factors that
occurred within the human body., In the same year a second
gipnificant idea of hypercholesteremia in edema apreared,
mishberg and wishberg (34) produced evidence toward the
conclugion that the hizh blood 1lipids and high blood
cholesterol, as occurring in cases of nephritis, were a
part of the body's mechaniem to compensate osmotically
for the fall in serum protein,

mlwyn's (35) theory of the central nervous system
control over edema highlights 1929, Ye erected a theory
on the basis of works showing disturbance of water balance

vy wrain lesions and by endocrine disturbanc-s, He pro=

13



posed that the electrolytes of the blood system were under
the control of nervous impulses and that endocrines of the
posterior pituitary played pressor and diuretic roles in
edema, The conclusion was that edema was essentially and
basically founded on a nervous system functional pathology.

Year 1930 broucht important additions to the literature,
¢e Achard (1) brousht forward research in three fields of
inguiry, He abetted mlwyn's endocrine participation cone
cepts by recording an increased permeability with the
presence of adrenaline, He checked tissue fluid for chlo=
rides and found them in excess of blood chlorides, a finde
ing which was mitigated by caune et al (36) who found them
in excess but not consistently so., Achard also reported
that the fatty acid-cholesterol ratio had a direct bearing
on the fluld taken up by the individual cell, 1In fatty
acid predominance the cells resist water but in hyper-chol-
esteremia the cells take up more water, =ven this ¥ ad in
the task of evaluating the mechanisms of edema was somewhat
modified by Murphy's (37) thesis of 1930 showing that
edema incidence and hypercholesteremia do not parallel
one another, This year also 18 kown for the dye passage
experiment s of Underhill (38), in which dye particles passed
out of the capillary slong its entire length, thus up-
setting gtarling'!s concepts of capillary absorption,

Teiter (39) in 1931 headed a movement of reaction against

@izcher's 1910 hypothesis of colloidal tissue changes



as a cause of edema, He stated that the changes Fischer
claimed were not compatible with microscopic changes
showing most edema to be in the interstitial spaces,

not the cells, He pointed out that edema does not develop
in acidosis, and that Fischer had not taken into account
the role of sodium chloride, This same Leiter also led
a counter-attack, aided by others, against Elwyn's
central nervous system hypothesis of edema formation.

He claimed the concept was too "Teleological" to explain
the edema from a slight glomerular damage or from a de=
compensated heart., He felt Elwyn had assumed too many
important steps in his hypothesis,

In the year 1934, Youmans and his associated workers,
in measuring the tissue pressure in edema noted that in
standing there was a signiflcant rise in tissue pressure,
This, at first, was rapid then gradually became slower
and slower &as the swelling became maximum, This incree
ment of pressure within the tissue, they felt, was a
definite and important factor in limiting edema, Also,
in 1934, the problem of the lymph system's participation
in edema reappeared'from the obscurity it had known since
the day of Starling., Weech et al, found that lymphatic
flow was increased in times of edeme and high venous
pressure, He confirmed Starling's idea that escaped
plasma proteing were returned to the blood system by way

of lymph channels, The invention of the ultracentrifuge



and its use by Swedish scientists made a contribution to
the edeme problem in 1935, In this year, MacFarlane (42)
found reason for the alteration qualitatively of the osmotic
pressure exerted by a given amount of serum protein, He
found that although the globulin was egual in amount to
the albumin in a given specimen, when these were whirled
they split apart into a heavy fraction of twenty percent
and a light fraction of eisht percent, and that dilution
changes thes percentages resulting. Here was evidence

that the heavy glohulin molecules were capahble of split-
tinz up into lizhter molecules and thus inereasing the
osmotic mwessure, 8ince their work many confirmations of
the dissociable properties of protein systems have comple-
mented our knoviledge,

In 1937 landis (43) gathered up the threads of inquiry
into a review and revisuallzation of the problem, He
pointed out the value of our understanding ¢ollold os-
motic pressure, but that we had evidence that edema incle
dence did not always correspond to blood protein levels,
He described the capillary as an inert/ggg;eting membrane
permeable to slectrolytes but normally impermeabtle to
protein, Thought he recognized that protein did pass
through and had been isolated in amounts from one to six
percent in edems fluid, he said that "we as yet do not.

know the mechanism for the passage of protein unier physic=-

lociced corliiio,"  Ppossibleg distenslion of the capillary



and anoxemiza were factors to be investigated, Again he
1ssued caution to over-emphasizing the free diffusiocn of
filuild through the capillary wall, for should fluid be
diffusing freely at the maximum rate the capillaries are
capable of producing, the blood system would be emptied in
ten seconds, gurely, there must be retaining factors to
be evalusted, AS a poasible mechanism of protein transu-
dation, he offered recent regearch of his own showing that
dye particles too large to diffuse aut of the capillary
escaped when intrg-capillary pressure rose above normal by
minute break-downs of the capillary wall, The dye was
geen to spurt out at points along the capillary, and exame-
inetlon of these points revealed no capillary damage., He
concluded by listing the following as the factors consid-
ered significant in edema in 1937: Rraised cepillary pres-
sure, low collold osmotic pressure, capillary wall damage,
lymph obstruction, low ti‘sue pressure, high salt and water
intake, heat, and disturbed innervation ziving vasodila-
tatlon or loss of muscle tonus,

In both 1937 and 1938, nurch and gsodeman (44 and 45)
presented findings showing that tissue pressure rose in
accordance with venous pressure, and could be computed.

In a 1limb in vhich transudation had reached an end point,
the Intracapillary pressure equalled the colloid osmotic
pressure plus the tissue pressure, They noted that dis-

tension of skin decreased its elasticity and caused it to

17
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lose tone, allowing for a still greater amount of transu-
dation before the ahove end point of transudation or equil-
ibrium could be reached, Holling et al (46) in this same
year reported that lymph flow, as an index to transudation,
rose significantly when venous pressure was elevated clini-
cally but did not rise when arterisl pressure rose, thus
formulating a acuestion as to the aualitative difference
between intracapillary pressure raised from the venous side
or from the arterial side. mhey claim no significant
changes in oxygen tension in the saphenous blood,

Kerkhof (47) ended the theory that sodium chloride was
a dynamic etiologicel egent in edema in 1938, Meclure and
Hinman (48) before him found that the sodium ion was not
in the cells in edema and was not pulling water into the
tissues by being concentrated there, Kerkhof himself was
ahle to pull the sodium chloride out of tissues by arti-
ficallly raising the collold osmotic pressure of the blood.
Thus the passage of codium chloride and water into the
tissue was relegated to mere passive dif fusion, It was
natural that the kidney could not eliminate rapidly the
sodium chloride thus diffused into the tissue spaces for
the rate at which the salt was brought to the kidney to
be excreted was subject to the slow diffusion of fluid
back to the blood stream which in turn is subject to the |

law of mags action,
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From 1938 to 1940 there was a seguence of discoveries
on the effect of hormomes on edema, Aykroyd amd zuckerman
(49) in 1938 reported edema of gex ckin from oestrogenic
hormone which 1ed Thorn and Tmerson (50) in 1940 into
experiments which proved that progesterone, as well as
adrenal cartical extract, were capable of producing edema,
The mechanism wag not explained, mhe year 1940 also brought
a conclusion by Maurer (51) that the qualitative difference
between increased intracaplllary pressure derived of hyper-
tension or venougs stasis was definitely traceable to chem-
ical differences in the blood, namely the carbon dioxide
tension and the oxygen tension,

Perhaps most spectacular contribution of the year came
from panielli (52) of vele vho proved that blood platelets
were Tunctional in closing thhe pores of the caplllaries
and that the pores normally remained occluded by the sur-
face layers of proteln molecules that clingg to the capillary
wall, He went on to dhow that when this layer is broken,
say by introducing a substance with a hisher surface acti-
vity then protein, that filtration and edema resulted,
ard that reestabvlishment of the protein layer arrested
the process., aomplementing this was a report hy gristal
et a1l (53) showing that in nephritic edema the amount of
diamino acids in the blood was elevated, an index to the

fact there is protein breakdown in process, chambers and
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7weikach (54) also brought out that the sodium-calcium

ratio in the MW ood regula ted the coheslive power of the intra-
cel lular cement of th e endothelium; a loss of the calcium
component. weakeninz the cement and thereby the wall, result-
ing in increased filtration,

This year, 1941, finds still many challenges and points
of confusion.’ workers now have a clue as to how the pores
of the capillary open bhut have not the agent, The osmotic
power of the protein systems has now proved itself to be
variable, quantitatively and qualitatively, thus compli-
cating its evaluation ., Pressure changes that opsrate
physiologically have resolved into physical and chemical
dif ferences of the two conditionss Hypertension and venous
stasis, the role of salt as a dynamic entity in edema has
been partially ruled out as have tissue fluid changes,

The lymph system has come to he a limiting factor along
with the skin tonus and its corollary, tissue pressure,
gt111 as yet unevaluated are the roles of cholesterol,
intracellular charges, the endocrines and the central
nervous gystem, In sh ort there isc a need for correlation
of findings and redefinition of the problem to meet the

new horizons brought about by recent investisation,
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History of gpeclfic Investigations

The second part of this consideration of scientific
attempts to find the mechanism of edema, will be gilven
over to rather a detalled consideration of the progress
of thought along each of the factors of edema that have
proved themselves of importance, mhe term "History of
gpecific Tnvestigations" is used to denote thig longitudinal
approach to the important lines of research., 9guch a pro=-
cedure 18 warranted as a basis for proper evaluation of
the significant discoveries for a conclusion,

considered in order will be the following factors:
capillary permeability; blood constituents; hydrostatic
pressure; sodium chloride; lymph, tissue change and
tissue fluld; the central nervous system and endocrines; and

tissue pressure,

The ractor of capillary Permeadbility in wmdema

the evaluation of the role of the capillary and the
question of 1tis permeability to fluid, of course finds ite
roots in the discovery of the circulation of body fluids
discovered by Harvey., oOut of the knowledge of this vas-
cular system, within which fluild was constricted, grew
experiments and conelusions that here was the source of
dropsical fluid., Notabhle among these observations were

those of 10wWer, in 1622, who produced edema by ligating



the inferior vena cava and the Jjurular veinsg of experimental

animals,and those of mroerhaave and Hoffman who confirmed
the role nlaved by venous disturbance in dronsy (1).
Having thus associated the blood vascular with edema,
the problem of discerning the mechaniem of the transfer of
fluid from blood vessel to tissue spaces naturally followe
ed, mRecquerel's and Rodier's (1) detection of the fall of
albumin in the blood of a case with cardlac edema and
well's (1) 1812 repor? of edems and albuminuria following
Scarlet Fever led Senator (3) to propose an increased
vermeability of the capillaries due to toxic agents, ex-
plaining the loss of albumin and protein on the basis of
the increased permeability, Reese (4) in 1850, confirmed
this proposal and added the thought that the cause of this
"toxic dyscrasia" was a failure on the part of the kidney
~ to eliminate these injurious substances, These two opine
ione provoked a search for these causative toxing (called
variously nephrotoxins, nephrolysins or pephroblantins)
by castaigne (55) in 1905, and Timofeew (56) in 1909,
This line of indguiry proved to be unfruitful at that date,
Pursuing in anoth=r line of indguiry, the hypothesis of
increased perm=ability, Magnus (57) in 1897, conducted a
gseries of experiments in which he injected veins with
various irritants to increase the permeability of these

~lood vessels, Unable to thus produce direct edema, he was
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able to prove, to hig satisfaction, increased permeability
hy measuring the increased rates of withdrawal of hyper-
tonic 1icuids injscted into muscles of the same 1limb,

mrom this experimental fourdation it was possible to be-
lieve that the permeability of the capillary was definitely
capable of alteration; but the operation of this mechanism
in edema was gtill not ascertained,

In order to prove that increased capillary permeabil-
ity occurred in edéma, the hypothesis that definite passage
of blood constituents into the tissue gpaces would have to
be substantiated. Accordingly, induiries on the character
of the edema fiuid as comparsed with normal tissue fluld
were initiated, windings here as listed in the section
of this paver on tissue fluids, demonstrated definite
differences between tlssue amndl edema flulds in protein,
glucose, and chloride concentrations, However, counter to
these Tindings was evidence collected between 1914 and
1916 by chisolm (58) and Boycott and Douglas (59), Rogert
et alia (60) that in nephritis there were no sirnificant
changes in blood volume or tigsue fluild concentrations,.
They concluded that the capillary permeability was act-
ually decreased in this disease, Turther dissenting evie
dence wag advanced by Beckman (61), in 1921, to the effect
that in acute nephritis the high hWlood protein levels also

nointed to a less permeable capillary wall, These findings



24

rlus the prominence of the colloid osmotic theories led
mps tein (26) to summate the findings up to 1922 by con-
clud inz that the existence of capillary wall damage had
been provéd but that there were not yet enough evidences
to say that such damage was the cause of edema,

In the same year, 1922, two other modes of inouiry
with their consemuent hypotheses were developed: One,
that there were substances of non-toxic nature that altered
the cabillary p-rmeability; and the other, that capillary
permeability was mechanically related to intracapillary
presgure, Krogh (27), who introduced the latter theory,
pro&ed that the caplllary cannot hinder or accelerate the
absorption of the sodium chloride or water--that these
electrolytes diffuse through at all times, On these find-
ings he was inclined to place ths transudation of fluid
through the éndothelium of the capillary on a purely
mechanical basis, as in the Starling hypothesis (55),
This idea of the inert role of the capillary in edema was
further promulgzated by . Achards'(l) conclusion, in 1930
that capillary wall damage was not actually proved as the
cause of edems and by the conclusion of Lelter (39) in 1931,
that the decreaged blood alhumin, blood protein, and conse=
guent fall of colloid osmotic pressure was sufficient and
that the capillaries did not have a part of it at all,

Nespite the deterrent effect of these last opinions,
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the group seeking the non-toxic agents, altering caplllary
permea 1ility, collected some pointed evidence, Hamburger
(28) in 1922, first found evidence thot permeability of the
capillary was influenced by the electrolyte content of the
blood, Marriott, (62) in 1924, after a series of experi-
ments on the passage of electrolytes into the tissues cone
cludeds "There 1s a substance in the blood of an edema
patient capable of changling the surface tension of the
hlood and the permeability of celle, This substance 1is
produced in the body in infection and is excreted in the
urine,"” He even hypothesized that this substance operated
in the kidney. ¢lausen (63) in 1925 continued in the
attemot to prove the exlistence of thls substance by pointing
out the following facts: That when a kidney 1s removed
theve 13 no edema, 2, That kidney degeneration does not
give edema, 3, That edema can exist without albuminuria,
and that in parenchymatous nephritis there has been ob-
served a marked lowering of the surface tension of the blood
and urine, It has also heen demonstrated that urine cone
taining this "substance" possesses the abllity to increase
the permeability of a collodion membrane in vitro, From
the facts above, they proposed an extra-renal source for
this unknown substance,

It was natural that a search for this substance should

follow, W M, Landis (33) undertook experiments in 1928
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to ascertain the rmle of the ph of Wood or the carbon
dioxide tension of MWood in edema, After working on
frogs he concluded that, within the physiological 1limits
of ph and €02 tension, there was no significant alteration
of caplillary permeability. But beyond physiological
l1imits there 13 definite alteration, for permeability ine-
creased three times with anoxemic blood and the osmotic
pressure of the blood colloids even lowered, allowing
fluid to escape, He found this permeability reversible
if not too lengthy, Confirming thls in 1931 were addi-
tional works by Essex (64) showing altered permeability
of all animal tissues with anoxemla, and a paper by
Drinker and Field (65) showing production of permeability
changes in tissues with the ph and ¢02 tension occurring
with exercise, landis, Jones, et al (66) repeated the
early conditions of Lower, in 1932, and reported that
stasgis and dilation produced transudation of protein
through the capillary wall and included as a factor the
¢02 tension and ph of the blood associated with

such congestion, landis (67) in recapitulation in 1937
of his work, daubted if the ph and C02 tension changes
operated under physiological conditions and was ine
clined to think of the capillary wall as an "inert non-
secretory and impermeable to protein.," He insisted that

the above experiments only should urge works to discover



forces comparable in effect to ph and C02 tension changes,
forces capable of altering colloid osmotic pressure to the
game degree, He felt the blood was too strongly buffered
and too constant in ph to permit the changes he had ob-
gerved to actually coccur physiologically. VYet Maurer (51)
in 1940, using lymph flow as an index to permeability
reported that decreased oxygen tension and increased car-
bondioxide tension gave increased permeability as evidenced
by increased 1lymph flow, increased lymph protein and red
blood cells in the lymph,

C. Achard (1) in looking for this "substance" causing
permeability in 1930, thought the changes in the capillary
wall after adrenaline injection proved increased permed-
bility. wWith this move came the hint ziven by Elwyn (35)
and others (see section on nervous-endocrine control of
edema) that endocrines were active in altering endothelial
cell permeability. AS late as 1939 puran (68) of Yale
found thet permeability of capillaries, as demonstrated by
the passgage of dye marticles, was increased after bull
testicle extract was injected intravenously.

Within the last year even new agents causing permea-
bility have come to light, In a series of perfusion ex-
periments Chambers and 7Zweikach (54) altered the permea-
Pility of the capillary by changing the ph and mineral

cantent of the perfusate. Most significant were their
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obgervations that if the perfusate is low in calcium the
intracellular cement loosens, and reversal to a high cale
cium content makes the cement sticky again, An acidilc
ph in the perfusate also gives a softened cement. They go
so far as to conclude that edema ig "related directly to
the physical change in the physical state of the cemént,®
They state that the endothelial cell secretes this inter-
cellular cement, the chemical stability of which controls
the permeability of the blood capillary,

wven more interestinz are the contributions of panielll
(52) who measured the ability of various physiological blood
constituents to rel leve edema, wWhen he perfugsed the blood
vegsels of higs edematous tissue with inert collolds he got
gsome reduction in edema as might be expected on the basis
of osmotic pressure, mBut he received an even greater re-
duction of edema when he added blood platelets to the infert
colloid. mhe same results were receilved when blood protein
was substitued for the inert colloid, This led to his first
conclusion that the platelets were functional in arresting
edema, He proposed the idea that there were still pores
capable of passing protein when the platelets were not
present, and that the introduction of platelets led to mech-
anical clogging of those pores,

Continuinz, he measured pore size by noting the size of

protein molecules they would paes and he showed that, in the



dilated capillary, the pores in thsz capillary were 6 mm
across, while in the contracted caprillarvy they were only 4
mm, Tn a second group of experiments he demonstrated that
a given perfusate had gquite a bit of leakage into the tis-
sues until this loss was arrested by the addition of serum,
mhis, he contended, was due to the hlockage of pores by ad-
sorped protein, He points out that the surface tension pro-
rerties of bHlood proteins allow them to build up a protein
layer on the pore wall 4 mu thick, sufficne tneough to block
even a 6 mu pore, Should a substance with a high surface
tension come along, it would displace this protein of lower
surface tension; and lay down an adsorped layer on 1 mu thick
on the pore wall thus opening the lumen in the pore, allowing
edema to start again, He proved this action by introducing
cluepin, a hicgher surface tension substance, at a time when
the pores were proved impermeable to gum acacizs and noted a
distinct chance of permeability to the extent that gum acacia
was once again leaking into the tissues, These ohservations
have been further strengthened by cristal and wourcades!
recent work with diamino acids in normal and patholoszical
blood in which the amount of polypetides (of hisher surface
tension activity than blood proteins) have been found to be
Increased in nephritis,

rfoncomitant with this search for agents altering permea-
bility, have been a series of experiments with the passage
of dyss throuzh the capillary wall, Underhill et al (38)
in 1930, in studying the mechanics of water exchange in

burned people noted that intravascular dyes passed
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out of the capillary and would not re-enter, It
was found in studying normal capillaries that dye of ten
pasgsed out as much, if not more, at the end of the cap-
11lary as it did in the first part, tending somewhat to
upset the Starling hydrostatic-osmotic pressure balance
hypothesis, Purther investigations by Parsms, and Mc-
Master (69) in 1938, showed that dye spreads into the tis=-
sues fast and slowly later as intra-tissue pressures build
up, leading to the conclusion that the dye passage was
subject mainly to a mechanis analagous to dif fusion; fure
ther buttressing the concept of an inert capillary,
landis (67) in another experiment in 1937 with India ink
injected into a capillary blocked at both ends showed
that as the pressure rises this dye will spurt out at
certain weak spots and collect outside the wall, The
pressure needed to do this in the normal capillary is well
above normal hydrostatic pressure (55-80 mm Hg) tut if
the capillary 1s inflamed a pressure substantially below
that of the normal hydrostatic pressure (20-3_Omm Hg)
was efficacious, The openings thus occurring are most
prominent in the venous side of the capillary, Peculiar-
1y enough, the capillary is not torn in this process for
there is no later evidence of permanent injury,.

Refore leaving the resume of works covering the per-
meability of the capillary wall it might he well to guard

against concelving the mere act of opening and closing
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of the “gates" of the capillary wall, whatever they may
be, as the only instrument of edemr, Xrogh (70) has shown
us that the total surface area of the body's capillary
walls amounts to about 68,000 square feet and landis

(67) in 1937 reminds us that if the human capillary wall
was as permeable per square unit of surface area as that
of the frog, in experiment, our total plasma volume could
be filtered through in ten seconds, So we must consider
other retaining forces to be also at work, 1In addition
conklin (71) has proved that local differences in capile
lary permmeability exist. Liver capillaries permit protein
to pass, skin capillaries only a bit, but mesenteric cap-
1l1laries not at all, So when we come to our(correlation
of factors later in thls paper we must be cautious in re-
cognizing that permeability has not been proved to be
standard in both the dimensions time and position,
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Rlood Constituent ractors in Tdema

Another group of causative factors in edema are those
blood constituents tha t exercise an influence on the filuid
exchange between tissues and vascular channels, From this
group we must of necessity eliminate those blood elements
whose effect is upon the capillary wall directly, in alter-
ing the permeability of that structure, mThese last have
been discusgsed under the consideration of capillary per-
meability.

Falling directly into the classification of blood con-
stituents factorial in edema are the actual bHlood water
content, the serum proteins; fibrinogen, albumin and
globulin, as well as the blood chlorides, blood sodium,
and the blood lipids and sterols,

It was Bright (2) in 1836 who laid the foundations in
this line of inquiry, a work which led to his recognition
of the syndrome now known as “Bright's Disease," He was
the first to associate albuminuria with edema, and to note
the fall iIn serum protein concomitant with urinary protein
loss, From this basis, he concluded that a relative hy-
dremia existed as the result of kidney damage, Because
of this hydremia, he visualized a blood of lower viscosity,
of lower concentration that would now filter through the
walls of small vessels., In reality edema was thus the
result of water retention and the consgequent dilution of

the blood,
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Johnson (5) in 1852, as well as martel's (6) and
stewart‘(T), concurred in this theory of hydremia but
modified the mechanism producing the actual edema to agree
with the clinical rise in YW ood pressure, They, accorde
ingly, proposed that the increased vascular pressure drove
the excess blood fluild of hydremia into the tissues., They
called attention to the accompanying oliguria as evidence
of kidnéy‘s inability to excrete water. This hydremic
theory of edema reigned unchallenged until 1898 when
Koranyi (72) accumulated evidence, that in the process of
explaining renal edema on the failure to eliminate water,
that in nephritis there was no hydremia or edema with acute
kidney failure, After this turn of the tide, only volhard
(22) in 1918, snd Briggs (73) in 1932, supported the hy-
dremic hypothesis, As thése before them, they associated
the oliguria, loss of albumin, -nd the accumulation of
nitrogénous waste products in the blood as evidence of
hydremia, =Briggs even hypothesized increased readsorpe
tion of watar by kidney tubular epithelium, pyut Rnock,
1921 (25), Linder, Jundsgaard, van Slyke and Stillman
(74) 1924, Brovwn and Rowntree (75) and Barker and Kirk
(76) 1930, a1l found no chanze in the plasma volume in
nephritis, marker and Xirk, in studying nephrosis, found
edema with olisuria but no hydremia, Thus, the general

conclugion arogse that the oliguria occurred ornly because



less water was actually brousht to the kidney to be
excreted,

Another blood constituent which has played a prominent
role in the literature of edema is the serum protein, It
was Bright who first associated low serum protein with
edema, but interpreted the observation only in terms of
hydremia, Tt was not until 1896 that starling (15) announ-
ced the hydrostatic~osmotic pressure hypothesis for the
cauée of water exchange, He conceived the idea that the
colloidal serum protein was capable of exerting a pres-
sure, called the osmotic pressure, upon the fluild through
the caplllary wall, which he claimed was functionally a
geml~permeable membrane., When the hydrostatic pressure
within the capillary exceeded the osmotic pressure, fluld
pagsed out of the vascular channels, but when that hydro-
static pressure fell helow the osmotic pressure there was
a movement of fluid bvack into the caplllary iIn proportion
to the difference bhetween the hydrostatic pressure and the
osmotic pressure of the proteins, He proposed that there
was a delicate balance between the water thus forced out
and thus returned to the capillary, creating in the mind's
eye a mechanism for a constant fluid exchange between tissue
space and vascular channel, He further extended this cone
copt to explain renal edema on the megre basis of a ree

+duection in the amount of plasma protein anmd the consequent
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losg of osmotic pressure to remove fluild from the tissues,

To starling's explanation of the mechanism of edema on
a low protein basis has come a host of e¢linical confirmation
not only from workers in the field of renal disease, Wt
also frqm investigetions in the field of nutrition, tuber-
culosis, surgery and cardiac disease. gEpstein (77) in
applying the principle clinically, thought he was success-
ful in lessening the =dema of nephritics with high protein
diets while Moore and van Slyke (78) found that edema occur-
" red in nephritis when the total protein fell below 5,5 to
3.0 gms or if the albumin fraction was helow 2,5«2,.,2 gns,
Kerkhof (47) in 1937, workins at a date after the dis-
covery of the ability of individual protein to change its
osmotic power, (as will be detailed later) finally set the
critical point bhelow which edema occurred at 15 mm of mere
cury of osmotic pressure exerted by blood proteins,

mdema arising from the low blood protein of malnute
rition was first reported by Denton (79) in 1918 and was
conf irmed by Harden and 7elva (80) in 1919, Mawver (81)
in 1920, and Kohman (82) in 1920. vwrisch et alia (83)
produced a definite edema in rats by diets low in protein
in experiments conducted during 192 and shelbourne and
rmgloff (84) confirmed the results with a low protein diet
in dogs 1n 1931, wdema from low sSerum proteins in cache

exia and in malnutritioned tubercular patients were fe-



ported by Bruckman with Peters (85) 2nd Landis with Leo-
pold (86) respectively 4in 1930, (eliac disease with a low
blood serum protein producing edema in infants was mentioned
by Mariott (87) in 1930, while edematous complication of
the nutritional disturbance provoked by a fecal fistula

was reported in the same year by Wolferth (88), Leiter
(89) 1in 1928 and Barker and Xirk (76) in 1930 produced
edema. in a dog by replacing its serum protein with ringer's
solution (plasmaphoresis ), ¢irrhosis of the liver causing
em.cliation and malnutrition edema was reported by Peters

et al (90) in 1931, giving a clue thereby to the source

fo blood proteins, It 18 of interest to note that when
criticism of the starling theory, as being unapplicable to
cardiac edema, arose an investigation of the blood proe-
tein of cardiac patients was made, Payne and Peters (91)
both noted that frequently, though not always, the serum
protein of cardiac patients with fallure is dscreased,
especiaily the albumin fraction, They felt this deficiency
was referable to malnutrition only.,

During the process of the accumulation of this mass of
¢linical confirmation of the association of low blood pro-
teins with edema, that has been sketched above, there dev-
eloped lines of research tending to show that of the three
important blood proteins, it was the albumin fraction that

was the most influential in thep roduction of osmotic presse
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ure, gasatary (14) in 1891 first noted that serum albumin
was lowered more th.n globulin in nephritis. @govaerts
(24) in 1921 and van Farkaéqgn the year following both
pointed out that in renzl disease the serum protein dee
ficit was mostly albumin, and that 2albumin exerts more
colloid osmotic pressure than globitlin, Peters et al (90)
in 1931 also believed albumin tc be the most important
fraction--being the first to be lost-=because of its smaller
eize and also being less readlily replaced, tended to
fall in blood level sooner,

But contrary to the men whose works we have Just listed,
who had come to believe as Colvin and goldberg (93) 1931
summarized it, "that a low blood protein was the trigger
mechanism of edema" there arose observations that the
amount and occurrence of edems was not always proportionate
to the serum protein concentration. Linder, Jundsgaard
and van glyke (74) as early as 1924 noted two salient facts:
One, that the lost protein of the blood did not correlate
with the greater urinary loss; and two, that the greatest
decrease of plasma protein was not coincildent with the most
edem., They found instances in which low proteinemia was
not accompanied by edema, These observations led them to
conclude that there must be unknown undiscovered altera-
tions in the production of hlood proteins or that the

protein itself was capable of change, In 1926 galvesan (94)



in study of the nephrosis of syphylitics found cases with
low serum albumin but no edema, He tried to rationalize
this by proposing that the slight Zlobulin increase compen=-
sated osmotically for the low albumin,

faune, Jarvis, and Qooperstock (36) found cases in 1930
of low protein, even reversed allumin-globulin ratio,
without edema; while in 1931 McClure, derakats, and Hin-
man (48) found cases in which edema disappeared spontan-
eously without serum protein change; provoking a conclusion
that doubted the paramount position of colloid osmotic
pressure in the production of cure of edema, Reports
that edem occurred with rnephritis with normal protein were
published by Peters et al (95) in 1932, rThey felt that
hydrostatic pressure and increased permeability of caplle
lary were the factors functional in nephritis,.

when these clinical observations challenged the effica=-
2y of the lowered collold osmotic presgsure causation of
edema, the investigators, convinced of the role played
by the proteins, gave more credence and energy to the
possibility that the osmotie power of the proteins could
be altered, 1In redl ity this line of thought was heralded
as early as 1921 when govaerts (24) noted that the osmotic
pressure exerted psr gm 4 of protein nitrogen was higher
in the blood of hypertensive individuals than in the

serums of patients with edema. He was inclined to place



the cause of this in the concentration of the blood and the
dilution of proteins, We have mentioned above how Linder
et alia (31) tried to explain in 1924 the discrepancies in
blood protein levels and edema on the basis of a possible
change in the protein production or protein itself, vere
ney's (32) expcoriments, which he conducted in 1926, quite
conclusively showed an alteration in the osmotic ability
of proteins, He diluted plasma with Ringer's solution and
found a fall in the OSmotic.pressure of the resultant fluid
to be greater than the fall of protein concentratlion,
This, he concluded, proved that the protein not only might
undergo quantitative changes in edema but also gqualitative
change., Twishberg (96) expressed it, "as the protein decrea=
ges in arithmetical progression the osmotic pressure de-
creases in geometric progression,"

Investigation into the physio-chemical propertiess of
the serum proteins began to shed lizht on the character
of this acknowledged change in the proteins fractionse,
sorenson (97) in 1936 discovered that the two principal
serum proteins were constructed of a large number of non-
dissociated components, Precipitation studies by gosettsch
and Tyttle (98) noted abnormalities in the protein frac-
tiong in nephritis, There was evidence that both of the
important proteins were somehow altered, Block (100)

et alia in 1934 in attempting to chemically analyze the

38
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serun proteins, found that the fractions of albumin énd
globulin precipitated by the accepted procedures were
artifacts and not actually the proteins as present in the
blood, They found that by merely heating the serum the
amount of £lobulin would increase at the expence of the
albumin and that the ratio of proteins in nephrotics

(who clinically display considerable edema) was not altered
from the normal ratio, In other words, the allw.lu i.uc-
tion was not, by measurement, reduced asgs had been so strine
gantly supported by analyses of the urinary protein loss,
was there some Internal compensation for the loss of urine
ary albumin? To answer this Yanagl (101) examined the
physical properties of gserum protein in 1935, He obser-
ved that both serum from normal and pathological individuals,
when studled at levels of concentration compareble with
normal hlood levels, were stable in the osmotic power they
exerted., mRut both sera, normal and pathological, showed
a relative instability in this osmotic ability when die-
Jubed to concentration analagouse to edema, These results
were used to explain 'the wide differences in figures for
colloid osmotic pressures as measured by starling, Krogh,
agovaerts, Iandis, Sbrensen, and gchade,

| But most dramatic proof of the heterogenous character
of the serum proteins came with the application of the

ultracentrifuge technique of molecular weight analysis
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to this problem, gvedberg and Sjogren (102) in 1930 in
analyzing the molecular welichts of allumin and glohulin
found the molecular weights of their sera unstable in di-
lution, a fact which provoked Mewarlane (103) to make the
following observations: "gera taken from a horse and centri=-
fuged at tremendous rates divides in a light fraction and

a heavy fraction, =®ighty percent of the serum is in the
light fraction while twenty percent is in the heavy fraction,
despite the fact that the albumin globulin ratio is 131,
murther, 1if the serum is diluted and then centrifuged the
fractions become fifty percent heavy, fifty percent light,
and yet concentration of the same proteins reverses the
ratio of 1livht to heavy back to the orizindl percentages,"
mxperiments with altered ph and salts in the solution did
not in any way alter the ahove facts, nBas’'ng his conclusion
on Svedberg and gjogren's work showing the protein mole=-
cules can be made to break into smaller molecules with -
lowering of thé ph, this author Mcrarlane states, "the ime
portant fact is that in some manner the interaction. .
between albumin and globulin , . involves a reduction in
molecular size of a part of the globulin fraction to the
size of the albumin , . molecule." The mechanism of this

is unknown, but the force must be commensurate to the

action observed by Svedberg and Sjogren, of an altered

vh on proteins, It is of interest to note that the latter
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investigators chowed that the molecular weight of globulin
was approximately 103%,800 plus-minus 3000 and that of
albumin 67,500 plus-minus 2000, demonstrating that should
this conversion of molecular weisht be true the globulin
molecule must Just about break in half,

Other evidence of the idea of internal compensation
for loss of osmotic pressure by the blood protein systems
was collected by Melnick and cowgill (104) 4in 1936, They
showed that even with hypoproteinemia and a relative fall
of the albumin fraction as measured by precipitation test
that the plasma volume increased. This, they felt, was
explainable on the basis of a breakdown of protein into
smaller molecules, They concluded that the albumineglo-
bulin ratio was no! an index to oncotic pressure in vivo,
but that 1t did show the presence of pathological alter.
ationg In the relative amounts of two independent protein
systems in the blood in each of which the protein molecules
were capable of reversible dissociation into fractions of
many small light weight molecules or fewer large heavy
weight molecules, Bourdillon (105) noted a difference in
lower molecular weights of the albumin and globulin
occurring in the urine from the larger molecular weights
of the same two proteins occurring in the blood of the same

4ndividual affected by nephrosis,.
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The concept, that in pathologles characterized by edema,
there was a dissociation of protein molecules was further
strengthened by cristal et al (53) who discovered that the
presence of diamino acids and polypeptides was higher in
the blood of nephritics, which they considered evidence of
protein break-down, Jameson, Alvare,, and Tostodo (106)
applied 135 volt current in electrophoresis experiments
to vitro solutions of blood serum at normal ph and obtained
a division of the serum into one albumlin and two glohulin
fractions, Application of 250 volts separated each of the
two globulin fractions into two more fractions, Thus the
concept of alteration of the osmotic ability of the plasma
proteins has been bhuttressed by both clinical and experi-
mental evidence of a fluctuation of molecular size of pro=-
teins under various environmental changes,

Accompanying these investigations on the physio-chemical
character of the plasma proteins, the influence of such
factors as posture, and gpecific gravity, on the protein
osmotic pressure have been investigated. Thompson et al
(107) as early as 1927 studied the effect of posture on the
’peripheral blood, They reported that in quiet standing the
blood volume decreased hy 400 cc. which they ascribed to
filtration loss to tissue., fThey claim, however, that as
the process continues the protein percent of the blood

rises, thus elevatinzg the colloid osmotic pressure and
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diminishing proportionately the rate of filtration at a
given intra-caplllary pressure,

This clue was followed ™y Youmans et al (40) in 1934
whose works showed that standing one hour caused an Increase
of from 18 to 40 percent in the concentration of serum
protein in the capillaries of the foot, and an increase
of from 24 to 657 in the osmotic pressure. The increase
in total protein and in the two protein fractions was proe
portionate, All these processes were increased in the feet
about twice the amount in the arm, and patients with hypo-
proteinemia showed the same changes, Youmans, pAkeroyd and
rrank (108) a year later, pointed out that the osmotic
pressure rise in standin-g was 2lso alded by a decrease in
blood volume ag shown by the fall in skin temperature and
decreased velocity or longer circulation time of the blood,
They did not explain fully this mechanisn,

Moore and Stewart (109) 1937, evaluated the guestion
of plasma concentration by measuring the gpecific gravity
of plasma, They found this index to be accurate and noted
that ingestion of water or fats, bleeding, and intra-
venous fluld dilution affected the specific gravity of
proteinsg themeelves, cmmfirmine 7 -+ th= govs ghowing
tne efiecy of dilution on protein systems, They found
the plasma specific gravity and conceniration higher in

cardiac patients than in nephritics,
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mhug by specifin gravity measurcments and clinlcal
evidenecs we have proof thzt srect pnosture, concentration
of the blood from transudation of fluids into the tissues,
and the alteration of the protein system's ocmotic power
in serum concentration all play a part in raising the og-
mo*tic pmower to compensate for fiuld loss,

mhe role of the bhlood constituents of lipoid and lipid
nature constitutes s stovry in itself, ds early as 1827
Rlackwell and mosteck (110)noted the unusuzl milky appear-
ance of the gerum in renal edema. ¢hristisen (111) in
1839 vproved this was fat, Kaiserlins and Orgler (112)
in 1902 found dourle refractile lipoid bodizg in the urine
of renal vatients and Adams and Aschoff (113) proved these
were esters of cholesterol,four years 1ater; Both Port
(114) and chauffard and asso~iates (115) announced in 1910
that the blood lipoids were high in the blood and urine
of renal patients, and distingulshed 1t as a hyperchol-
csteremia.

These findings led to a period of theorizing as to
the cause of these lipoid materials in blood and uriné,
Tor a while they were considered granules of 1lipoid from
the fatty degeneration of the kldney tubules, but wpstein
(77) called it a generalized disturhance of fat metabolism,
It wa= Kollert and winger (23) in 1918 who finally acco=-

clated hypercholesteremia with edema, He stated that ine



55

*ability of the kidney to excrete cholssterol led to edema,
Lowenthal (11€) and Rennett (117) both concurred later in
this theory of edema caused by cholesterol retention,

Added confirmation was afforded by ¢, Achard et al (118)
in 1919 when he noted that cells take up water easily when
cholestérol ig present, In fact ths hydrophilic property
of cells increased ag did the ratio between cholesterol
and fatty acids in the blood, Iater in 1928 wishberg and
Fishberg (34) in studies of haemorrhage in rabbits felt
that the increase of blood lipids and 1lipoids in haemorr-
hage was a device to compensate Tor the loss of osmotic
power from loss of blood plasma, RBarker and Kirk (76) in
1930 noted th=t as the proitein levels fell the cholesterol
level rose,

In opposition to the papers portraylng cholesterol as
a key factor in edema, arose some findinzs to the contrary,
Lowenthal (116) confirmed the high lipoid levels in edema
in 1926 but in feeding cholesterol to experimental animals
got hypercholesteremia but no edema, Maxwell (119) in
1928 asserted that hypercholesteremia and edema were coine-
cident but not related and 'urphy (120) in 1930 admitted
their occurrence tocether but stated that on close obser-
vation the hishest hypercholesteremia and the greatest
amount of edema did not coincide, He felt the two

factors were not truly parallel in occurrence,



The Factor of Hydrostatic Pressure in wdema

Tt was early recoonized that the mechanical and gravi-
tational heads of pressure were forces to be reckoned with
in the analysis of the mechanism of edema., As early as
1852 Johnson (5) and his later corroborators martels (6)
and astewart (7) zave their support to Bright's original
hydremic theory of edema and proposed that the increased
blood pressure in nevhritis was the force driving the ex-
cess fluid in the vascular system into the tissues,

Although the hydremic theory fell into disrepute in the
latter part of the nineteenth century, the announcement
by starling (15) of his hydrostatic-osmotic pressure bal-
ance theory of edema upheld the role of intra-vascular
pressure in the tranéudation of fluid. ASs has been pres-
ented previously, the normal hydrostatic pressure here was
considered and later proved to he in excess of the osmotic
pressure exerted by the blood colloids, As long as this
latter difference occurred within the capillary, fluild
would be filtered out., fhe development of this theory
brought the idea that in the first half of the capillary,
hydrostatic pressure gradually fell due to friction to
about the level of the osmotlc pressure, thus forcing out
fluid, and In the second half of the caplllary the hydro-
gtatic fell increasingly below the ogsmotic pressure, creat-
ing the difference necessary to admit fluid back from the

tissue gpaces, Ilater workers confirmed with experimental

46



evidence the pressure relations involved, Xrogh et al (121)
in review of the literature and by personal investigation
established the pressure at the arterial end of the capll-
lary at 43 cm, of water. The osmotic pressure at 35 to
36 cm, of water and the hydrostatic pressure at the venous
end ranging from 24 to 34 cm. of water. Christian (122)
pictorializes this pressure relation as follows: ¥ He
points out that with a lowering of the protein there would
create an advantage for the force causing filtration.
mhis same disruption of balance could come from an in-
crease in hydrostatic head or intracapillary pressure at
the venous end, # See Tllustration page 47a

starling applied this theory to the two main clinical
edemas, Rrenal edema was a resultant of the lowering of
the osmotic pressure, from loss of protein in the urine,
to the extent that there was a greater force driving fluid
out than there was drawing fluid back into the capillary,.
cardiac edema, he explained in 1909 (23) as a case of only
glight loss of protein osmotic pressure, as from the album-
inuria and low dietary intake, but mainly of a preponder-
ance of filtration due to increased hydrostatic pressure,

This concepnt so captured the imagination of men and so
thoroughly mastered the avallable data, that not much new
research in this 1line was done until 1922 when Krogh (70)

began to feel that canillary permeability was a factor to
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be considered, as well as the efficiency of lymph flow

and possible metabolic activity by the tissue cells, Not
soon after m, ', Landis (33) and associates began a series
of experiments that utilized the techniques of micro-
injection and microscopic visualization of capillaries in
order to ascertain certain relationships of pressure with
the capillary., Tn 1927 they revorted the following ob-
servations on the frog: If the flow of the blood stream
through a caplillary is stopped by a glass rod, the corpuse
cles are at first distributed uniformly in the capillary,
If the hydrostatic pressureis 11 cm. of water (equal to
the osmotic pressure of the frog) the corpuscles stay uni-
Tformly distributed but 1f the hydrostatic pressure is
hizher the corpuscles move toward the obstructing rod and
concentrate there, These corpuscles can be seen to move
more and more slowly as the concentration of corpuscles

at the rod rises, anl mre fluid is filtered out, If
however, the hydrostatic pressure is low, there 1s absorpe
tion of flqid from the tissue spaces,occurs, for the core-
puscles sgseparate and move away from the rod as the fluid
comes into the capillaryv," He felt that here he had an
index to filtration rate which by these observations isg
high at first and lower at the end, He also demonstrated
the effect of hydrostatic pressure on filtration rate

and direction of flow quite clearly,
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mith micro-injection osmometers, Landis in 1930 (24)
went on to measure the intra-capillary pressure as it varied
with posture, 1In a finger raised above the suprasternal
notch both the arterial and venous capillary pressures
were less than the colloid osmotic pressure and below the
notch both pressures exceeded the osmotic pressure, provoke
inz the thought that if such observations were true the
body above the shoulders would be in relative tissue de-
hydration and the body below the notch would be relatively
edematous should only the simple factors proposed by
starling be operative, Surely other forces must be con-
sidered., In the same year Tandis also measured by this new
technique the intracapillary pressures, UYe found the
arterial end to be about 32 mm of mercury and the venous
end 12 mm of mercury, and the fall to be gradual along the
capillary,

with co-workers Jonas, Angevine and mrb, Landis (66)
continued in 19%2 to demonstrate the effect of intracapil-
lary pressure on fluid filtration., mThey found the volume
of fluid filtered proportional to venou: pressure as de-
tected by the rise in red blood cell count, hemoglobin con-
centration and protein comcentration in the capillary, Their
computations showed that 2t 20 mm of mercury the caplllary
lost 3 cc, per 100 cc, and at 80 mm mercury lost 20 cc,

per 100 cc, wigures on the efficiency of capillary demon-



strated that the capillaries of the human foraarm and 90
percent efficient in retaining protein at 60 mm of mercury,
Incident to this protein loss the colloid osmotic pressure
drops from sbout 26 mm of mercury to about 24,5 mm of mercury,

This latter work was in principle corroborated by Krogh
et al (121) in the same year, wvho in using a cuff on the
1imb to occlude all hlood vessels and thus mechanically
inereasing intracapillary pressure, found the rate of file
tration also proportional to venous pressure, wrlltration
even occurred at venous pressures ac low as 15 to 20 cms,
of water, indicating that men 1s constantly very clogse to
edema, The fact thzt lowering colloid osmotlic pressure 1
cm, of water increased filtration to the same amount as
raising venous pressure 1 cm, of water, shows the recie
procal function of these two forces,

The association of edema with varicositices, incompet-
ency of valves of veins, and orthostatic edema with uie
oro:.lem of pressure, has led to some recent literature,

In 197%8, Holling, Reecher, and Linton (46) set down the
following notation: "(1) wdema develops more readily in
the legs of patients with varicosities than in normal pat-
ients. (2) 7This tendency is greatly increased when the
valves of the communicating veins are incompetent., (3)
studies of the saphenous blood oxygen tension offer no sige

nificant changes of tension associated with valve inconm-



petency., Allen and Hines ( 125) of the Mayo clinic in 1940
contrimted further evidence that erect posture gives in-
creased colloid pressure in the veins of the feet and they
feel that edema is normally prevented in standing by this
latter fact, and by the decrease in volume and velocity of
the blood in the legs, and by the increase of tissue pres-
sure from accumulating fluld in the tissues,

Recently swindle (126) in éxamining the mechanical
factors in edema ran across a phenomenon he has termed
"arterial looping." Under normal conditions of circulation
the most conspicuous feature of the pulsatile movements of
the systemic arteries is a Syétolic arterial looping,"

a sort of 1ooping contortion of the small arteries with

the passing of the gystolic impulee, He further notes
"gome of these arteries loop into veins." It is his

idea that this dams venous blood back, ralsing first the
intra=capillary pressure then later the intercapillary
pressure as fluid 1is thereby filtered through the capillary
wall, AS soon as this systolic rise in intracapillary
pressure dies, fluid filters back into the capillary,
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The rFactor of Sodium chloride in wdema

The historical sequence of the series of discoveries
relating sodium chloride to edema commenced with Cohnhein
and Lichtheim (9) in 1877. In that year these co-authors
reported that they obtained edema by inundating the organ-
ism with large quantities of salt solution in different
concentrations, m™en Winter (1¢) showed that the molar
concentration of the blood was maintained by the exchange
of water and chloride between blood plasma and tissue, On
the bagis of these two studies he arrived at the conclusion
that sodi¥im chloride was a more important Pactor in edema
than was collold osmotic pressure,

These early investigations precipitated studies by
many others, mnreichel (17) in 1898 reported that edema from
sodium chloride injection lasted longer in patients with
nephritis, while chaufford (27) in 1900 noted edema in a
Jaundlced mtient treated with sodium chloride injections,
Magnus (57) in 1901 confirmed qohnheim and Lichthiem's
original basic observation but it was widal (19) in 1903
carcurrine with rhaufford and later canfirmed by Strauss
(128) who finally stated the hypothesis that edema was due
to a kldney failure to eliminate sodium chloride, widal
stated directly that increased sodium chloride intake
increased edems directly in proportion to the amount taken,
widal even pointed out that the failure of the kidney to
excrete water was assoclated with the fallure to eliminate

godium chloride,
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This theory of the sodium chloride retentlion mechanism
in edema, and the associated kidney inability to excreté
water won many confirmtions, Muller (129) in 1905, vole
hard and Fahr (130) in 1914, mpstein in 1922 (26) and Munk
(131) in 1925 all noted sodium chloride and water retention
in their studies of edema, mhuzs the 1903 ohssrvations of
midal upon these retentions were well accepted, but his polnt-
ing specifically to kidn ey fallures to excrete these sub-
stances, was mortally attacked within the same year., Attempt-
ing to confirm his assertion with Loeper of the year before,
that sodium chloride retention was not due to kidney changes,
De Achard (20), in examining the YWl ood chlorides, demone
strated that the sodium chloride content of the Hlood varies
widely in edema., He found excess blood chloride hoth with
and without edema. wrom this the conclusion arose that
sodium chloride retention was not renal, but an extrarenal
problem, possibly occurring in the tissues, 8o accepted
became this extraremnal causation of salt retention, that
Ambard and weill's (132) suggestion that the kidney thres-
hold for szalt was elevat ed never received much consideration,

considerably broader work on sodium chloride retention
was reported by Loeb (29) in 1923, He found this phenomenon
occurred not only in kidney patholozies but also in heart
disease, pneumonia, mernicious anemia, trypanosomiasis, and

also some of the other anemias, #He alsn picked up a clue



from widal, that sodium acid sulphate was less effect-
ive in producing edema than sodium chloride, that led him
to believe, as had ‘ragnus TLevy (135) and »lum (134) before
him that it would be necessary to dif ferentiate the roles
of the chloride and sodium ions in this process, After
experimentation he noted that potassium chloride and cal-
cium chloride 41d mt give edema, but thot all the sodium
salts he employed, like sodium bromide and sodium phos-
phate, produced edema, To substantiate this, he gave
nephritics alternate courses of potassium chloride and sodium
chloride and checked the edema by weizht measurements,
There was an exact parallel of the occurrence of welght
gain with the intake of the sodium salt and a fall with the
intake of the potassium salt, The elimination through the
urinary tract of one always took place upon administration,
orally, of the other, Tt was easy therefore for Loeb to
assume that the sodium ion 1is resvonsihle for edema and he
was subsequently confirmed in this by weech and Ling (135)
1931 and masset, Wldon and Megann (136) in 1932, UYe even
went so far as to surmize that the action of the sodium
ion was on the ogmotic pressure in the tissue spaces,

with the impetus thus given to the tissue and tissue
space site of the actions of the sodium by both widal and
Loeb, it was natural that Marriott (137) should come forward
In the following year with this analysis: '"mdema arises‘
from a change in the permeability of vessels and cells,

®luid and salts pass through the vessel walls into cells and



cavities, and by this method fluid and salts are held back
8o that even the mormal kidney can not excrete them, The
kidney is not a party to edema, for kidney removal does not
give edema, Xrogh (70) added his approval to this concept
of the peripheral loss of salt and water by pointing out
that at any time, normal or pathological, the capillary
could not hinder or accelerate the absorption of sodium
chloride or water, that they were free as crystalloids to
diffuse throuch at all t imes,

The above findings focused the attention of two later
experimenters on the aétual proof of increased sodium content
in tissue using chlorilde detection tests, our best index,
to sodium levels by virtue of the chlorides relationship
to sodium, (. Achard (1) in 1930 was able to demonstrate
a greater salt content of edema fluld than in blood, «Gaune,
Jarvis, and cooperstock, (36) in the same year, showed
that the chloride of ascitic fluld were sisnificantly higher
than blood chlorides, but felt that tissue chlorides were
not consistently higher in edema, In the course of these
experiments Achard also noted that a muscles' ability to
take up water was augmented in solutions containing an excess
of sodium and decreased in solutions comtaining calcium,

He then showed that when the calcium and sodium ratio fell
to less than ,04, edema resulted, Rarker and Kirk (76)
in 1930 and Xirk (99) in 1932 reported blood chlorides
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were increased in dozs undergoing protein losgss, hbut that
gastric chloride, both total and free was reduced,

nquipped with the knowledge of Hastincs armd michele
berger (138) that sodium do-8 not normally occur in the cy=-
toplasm, Mcclure, demakats, and Hinman (48) got down to the
task of specific measurement of the sodium, potassium and
water content of a specific tissue, mhey found that the
total muscle sodlum content was such as to be accounted
for by the concentration of sodium that was in the extra-
celiular fluid alone and that the total muscle potassium
content was such as to be accounted for by the concentration
of potassium known to be in the cells, Thus, nomally
sod ium stays extracellularly and potassium intracellularly,
and in this equilibrium thus established, the sodium and
potassium were not capable of pulling water into the tissues,
studies of ths conducted during edema showed slizht ine
erease 5-8 percent in the concentration of these bases,
but these concentrations were not beyond physiological
limits,

thus, the trend of thousht on the role of sodium
chloride has culminated in a concept of the passive devia-
tion of sodium chloride to the tissues in the transudation
of water, 1In a series of studies during 1937 and 1938, Kerk-
hof (47) substantiated this interpretation by a new method,

In the course of experiments employine gum acacia injections



on the therapeutical rationale of ralsins the Intravase
cular osmotic pressure, he found that the m=thod not only
pulled the water out of the tissues but also the galt and
that the kidney was perfectly able to excrete thils salt in
both nephritices and nephrotids provided the colloid osmotic
pressure was high enouch to draw it from the tissues, He
thereby proved conclusively that retention of salt was not
due to reral insufficiency but a consequence of a pre-renal
deviation in to the edema fluid, A lowered osmotic pressure
without salt intake results in no edema, but a lowvered
osmotic pressure with salt intake gives edemna, If however,
the collold oemotic pressure 138 kept high no edema will
result with or without salt,

Despite these conclusive-appearing results, there 1is
one other group of findings to be considered. gtein (139)
reports in 1940 on a case in which the globulin fraction
was diminished, indicating a severe capillary damege, This
case developed an edema upon the administration of intra-
venous sodium chloride, nuoting a conclusion of wppinger,
Kounitz, and Popper (140} that "gdema fluid rich in proteins
interferes with normal nutrition,® gtein felt that the intra-
cellular edema he found at autopsy was explainable on sa
cell nutrition basis., He proposed that in some manner the
capillary permeability was somehow altered, probably by
the sodium chloride, so that the protein escaped and damaged



the cell walls, mhis damaged cell then permitted the en-
tranée of salt, and the intracellular sodium produced the
intracellular edema, It 1=z of interest that the colloid
osmotic pressure in the case was not lowered, as determined
by measurement, and that the albumin was 8,2 grams percent
and the globulin only 0,52 grams percent,

chambers and zweikach (54) recently demonstrated that
a rise in the blood 80dl um at the exvense of blood caleium
led to déstruction and looseninz of the intracellular
cement of the endothellal cells of the capillary, If this
1f so the sodium ion may be factorial in creating permea-

bility of the capillary,



The History of the research on the role of

lymph, 7Tissue w?luid, and Tissue wmactors in wndema,

virchow (8), the noted pathologist, was the first to
propogse that the mechanism of edems was dependent on face
tors arising in the tisswes., In 1854 he thought that edema
was due to an ettraction of water to the tissue that arose
a8 the consequences of mlnutritional disturbances. S8Since
then workers have entered into reaearch purporting to ex-
plain the role of sodium chloride retention, the part played
by the lymphatic system, the relation of tissue and edema
fluid, and the possibilities of actual tissue change in edema,

De Achard (20) in 1903 found no relationship between
the ability of the kidney to eliminate sodium chloride or
the retention of salt amd edema. wrom this he concluded that
sodium chloride retention was an extrarenal matter, most
likely a tissue change, wWith this conclusion he linked
the sodium chloride factor with tissue factors, a subject
which merits an individual section elsewhere in this paper,

Rreside the proposal of sodium chloride retention as
as a tissue factor in edema there appeared another idea,
fostered by Pinel (1) the discoverer of the lymph cire
culation, that edemn was, at least in prrt, due to distur-
bance of the lymphatic system, Iater gohnheim and liche
theim (9) in 1877 suggested that variations in the pressure

of blood and lymph changed the amount of water in the tissues,



veldenhain ( 12) in 1891, developed the concept that edema
was a hypersecretion of lymph by the tissues, and set about
to search for the lymph secretingz structures; which, however,
he never found, But the line of investigation he initiated
led to recognitions of the common basis of lymph and tissue
fluid, and the fact that edema fluid directly entered amd
altered both the lymph and tissue fluid,

wxcept for starling's (15) (1896) suggestion that the
proteids of tissue fluid were observed by the lymphatics,
the evaluation of the lymphatic systems'role in edema lay
dormant for some time, wWeech, noetsch, and Reeves (141)
revived the problem seriously in 1934, In their experi-
ments on dors, they found an increase in lymph dreinage
during muscular activity in both normal and edematous dogs
and that with venous return prevented, dogs were able to
walk edema out of their legs, ccoupled with this white,
Field, and prinker (142) also noted that hizh venous pres-
su-e was accompanied by an increased lymph flow, wWith
these hints toward the fact that the lymph system was a
route for the evacuation of edema fluid, prinker et al (143)
added to the picture by demonstrating, later the same year,
that lymph obstruction raises the protein content of edema
fluid to as hizgh as five percent, The albumin-globulin

ratio is even higher in edema fluid than in blood, and the



proteins represented show a fair degree of similarity to
blood proteins, The conclusion from above and from thelr
~own research, that the lymphatics ducts drained the escaped
protein in edem, was made by lawson, and Hampden (144)

in 1938, sﬂudles that they made pointed o “ba conelrciosn
that the lymphatics only aided in the removal of fluid in
pathological extremes, and that normally the fluld which
'escaped the blood capillaries was exactly balanced by the
fluld returning to them, They also attempted to measure
the tissue fluid pfotein osmotic pressure and found it as
hich as 10 mm of’merdury, a sienificant finding if corro=-
borated and standérdized to meet the new knowledgé of the
ability of pfotein sysiemé and their osmotic power to alter.
In addition to this Lawsoﬁ and Hampden record this finding:
When the blood pressure is elevated and, the capillary
pressure also elevated, the lymphatics compensate for the
increased filtration and no edema occurs; but if the venous
pressure 1s high and the cépillary preséure elévated, edema
occurs, Although this hints of a qﬁalitative dif ference
between the hich intra-capillary pressure du® to high arter-
ial pressure and the hich intra-capillary pressure derived
of elevated venoué pressure, these authors are inclined

to deny that ﬂhe anoxia accompanying venous stasis might

be causative of edemn in this instance, mhey rebuttaled
with thg finding that the amount of tissue protein is not

Increased, as it would be if the anoxemia were to have
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increased the permeability of the capillary wall, Their
explanation is on the basis thet #m a2 steady increased
presgsure, a8 in elevated venous pressure\the lymphatics,
13 not as efficient in removing extravasated fluild adhd re when
the pressure charges dus to arterial pulsation which help
to keep tissue fluids and lymph flowing,

Directly contrary to this latter interpretation of
the qualitative difference between high arterial-horn
pressure in the capillary and high venous-derived pressure
in the capillary are “aurer's (51) Recent 1940 observation
that increased carbon-dioxide tension and decreased Oo ten-
sion in the blood gave an increased lymph flow, Paradoxi-
cally in this experiment the percent of protein in the lymph
went down yet red blood cells appeared in the lymph ard
capillary permeability increased., He found a compensatory
rise in colloid osmotic pressure in the blood which he felt
micht account for part of this paradox,

VYeanwhile other investigators became Interested in
the analysis of edema fluidxorder to shed light on not only
caplllary permeability but also ascertain if the fluld withe
in the tlssues space was exerting any osmotic pressure to
draw fluid into the tissues, In 1918, volhard (145) found
edema fluld to bhe essentially a physlological salt solution
with ,02 to ,05 percent?ro%%igés described as a thin color-
lege non-coagulable fluld with a specific gravity below
1,018, tater, in 1922, wmpstein (26) also studied the pro=-

tein content of edema fluid, He found the protein content

much lower than the blood protein, but did note that the
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protein content varied by disease, In nephritic patients
the edema fluid possessed from ,09 to .17 percent protein
while in heart comditions the protein content was as high

as ,1 to .4 percent. sSchade and clausen (146) concluded
1n17924 that edema fluid had no measurable osmotic pressure,
Ae Ce Kerkhof (47) checked and confirmed wpstein's finding
in 1937 but felt that the possibility of increased colloid
pregssure in the tissues themselves could not be excluded,

On the chance that other constituents of edema fluld
might be factorial in edema, . Achard (1) in a series of
deterbinatians in 1930 collected data showing that the glu-
cose concentration was lower than the blood concentration,
that the urea concentrations were the same but that edema
fluild chloride concentration was above that of the blood,
This was somewhsat confirmed by caune, Jarvis, and cooper-
stock (36), who in the same year, reported thaf the
chloride concentration os ascitic fluild was higher than
blood chloride, tut claimed that this was not a persistent
findinge,

AS early as 1898 the possitllity that the tissue cells
themselves micht be functional in the production of edema
was brought forward by J. Loeb (18), He found that frog
muscle would take up water if perfused or bathed in acid
or alkdlie, mhe conclusion he drew wec that edema formed
secondary to the interference of oxidZative processes in

the tissues, as the result of this cell injury there was



an increased colloid osmotic pressure in the ticsue, He
later abandoned his theory because he could not correlate
his osmotic pressure changes with other factors in edema,

making up the same line of thought, ®ischer (21) in
1910 called attention to works provine the formetion of
lactic acid, succinic acid, and other orsanlc acids in the
course of muscular activity. He also pointed out that
muscles anoxemic from activity, or from being bathed in
anoxemic blood (as in heart disease) urderwent acidifi-
cation. Then likening a muscle to a colloid, he demon-
strated by analogy the ability of colloids, like gelatin
and fibrin, to take up water when acidified, wrom this
basis, he proposed a process énalogous to thils one just
mentioned called syneresis, as the mechanism of edema,
chemical changes, namely acid forming, within tissues
provokes thelr colloidal property of taking up water, thus
causing edema, W¥e was Inclined to place these hydrophilic
properties mainly in the proteins, Ort and mMoskowitz (147)
proved that heart muscle edema varies with the ph just as
does the hydrophilic properties of colloids,

rurther fuel was given to this school of thought by
fe AChard's (118) contribution in 1919 and which was based
on the hio-chémical discovery that tissuesabsorbed water i n
proportion to the lipocytic index of the tissue, i,e, the
ratio of cholesterol to fatty acids, He studied the indices

of patients, finding the index significantly elevated in
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renal edema but normal in heart patients, 7here was evie
dence collected that the fatty acids resisted the cells
intake of fluid, but that cholesterol lessened a cell's
resistance to take up fluid, throwing the prohlem into the
realm of the physical chemi=stry of surface tension. rhe
observation by aAldrich (148) that toxic suhstances may
chance a cell's affinity for water, surgested to him that
a toxic substance from an infected area micht be ingtru-
mental in causins edema, ombining these two 2uthors!
contributions with the finds of parker and ¥irk (76) of
a hich cholesterol content in nephritic blood leads to an
interestine challence,

negpite the fine later work in this field the wave of
reaction against Pischer's hypothesiz has practically swept
this factor out of congideration., 1. Loeb (29) in 1923,
Osman (149) in 1926 and wrisch, Mendol and Peters (83)
in 1929, criticlzed wischer by pointing out that microscop-
ieallv edema was mostly in the interstitisl spaces not the
cells, that edema does not run parallel to the occurrence
of acidosls and that wmischer's theory does not include
the action of salts, Teiter (37) in 1931 also Joined in
the criticism guotine gchade and clausen (146) to the effect
the t the collold osmotic pressure of tissue fluid had
then proved so low that it was unable to pull water out of

the blood vessel: mherefore, once the tizsue (as assumed



by wischer) started exerting osmotic pressure, 1t would
have to exert it through a wall of tissue fluid of pract-
ically negligible osmotic power, chus the tissue fluid
would be a buffer between cell and blood vessel, leiter
himgelf added that if the tissue had affinity for water
then there would be no free edema fluid in the interstitial
spapés, but all of it would be taken up by cells or blood

vessels, a condition contrary to the facts,
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mhe nentral Nervous System and the wndocrines
AS wactors in wdema

The possibility that the central nervous system was
the key force controlling the water balance of the body was
suggested by mernard (10) as early as 1878, It wacs not
until 1929, however, that a direct relationship of the cen=-
tral nervous system to edema was stated, At this time wlwyn
(35) proposed that edema arose from a disturbance of the
central nervous system control of water balance, He dis-
counted the efforts of others to explain the entire mechanism
on the basis of mere chemical and physical systems as
osmotic pressure or hydrostatic pressure,

He drew on many previous reports to substantiate his
contention nervous control over body water, He duoted
Bernard, 1878 (10)» Rahler (150) 1886, wckhard ¢. (1L51) 1903,
and Jungman amd Meyer (152 1913, to the effect that poly-
uria had been observed in high ventricular puncture,
Aschner (153) in 1912, had shown polyuria from hypothalamic
1ﬁjury while namus and rRoussy (154) in the same year wrote
up obhservations on a polyuria from s luetic involvement of
the infundibulum and tuber cinerum, More applicable to
mlwyn's thesis were facts presentéd by Pohle (155) in 1920
who was working on the fros, He observed that after extire
pation of the bigeminal bodies that nn%e water was taken
up by the frogs'! skin, But most of all, removal of the

hypophyses actually gave peripheral edema. 1In the year just

\



precedins wlwyn's work, 1928, raily (156) recorded a poly-
uria and polydipsia associated with a tumor of the third
ventricle,

Upon this foundation wlwyn elaborated his thesis that
edema resulted from a disturbance of the hypothalamic
centers and the hormone pituitrin resulting in a chanse of
the physical and chemical forces of the "peripheral constel=-
lation of electrolytes" which they control, He quotes
Hamburger (28) on the statement that capillary permeability
18 influenced by the electrolytes sodiug,+ caleium, He fe/t that
potassium and magnesium in the blood are subject to nervous
vimpulSes.

He strengthens his endocrine participation in the
mechanism by mentioning the following works: mhat wppinger
in 1917 (157) and Ascher in 1926 (158) found that thyroid
gland changes upset the water balance of the individual,
notably based on cliniedl experience of edema recession
after administration of thyroid,

Xlein (159F reported in 1926 that insulin also aPfects
water balance, ny quoting these wmlwyn assumes that he haé
grounds for a generalized endocrine mechénism for edema on
the basis of the interdependence and interrelationship of
the endocrine glands, ™o this picture he adds observations
demonstrating that a h rm?ne from the pars inter media and
posterior pituitary gland has an inconsistent but definite

effect on capillary ton'us and the rate of water movement,



mlwyn's proposal met with a wave of criticism both in
defense and on the basis of merit, Teiter (39) 1931, per-
haps epitomized the opposition when he stated "wmlwyn's , .
theory is based too much on assumption, too highly teleo=
losical in concept to explain its upset at a slicht glo-
merular damage." He was willing to admit the observations
but the concept of this speciflc central nervous systemee
endocrine response in malnutrition, heart disease, and
nevhritis appeared too top=heavy,

Alﬁhough mlwyn's proposals fell by the wayside,
allergists and later endocrine ilwwvestigations 4dld not abane-
don the idea of an endocrine role in certain edemas, 1In
1938, aykroyd and zuckerman}%ggged that 1t was estrogenit
substance that caused the swelling of sexual skin, In
fact the protein of the interstitial fluid rose to 2,5
grams percent in phases of oestrogenic stimulation, whi h
he accounted for on the basis of most cells discharging
granules into the interstitial fluid (thus raising the
osmotic power), Tt is of interest to note too that both
cells and intercellular space swelled in this edema,

Urged by the long starmding observations of premenstrual
edema, Thom and wmerson (50), knowing that this edema was
occurring in the presen ce of both estrogenics+corpus
leuteum hormones, gset about to find which hormone was res-

ponsible., Their 1940 article demonstrated that progesterone

was the causative agent., Xnowing that adrenal cortical
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two
hormone gave edema upon injection, they gave the/ovarian

hormones to adrenalectomized dozs, Only the prozesterone
was able to keep the dozs alive and the performance of
the same functions as the adrenal cortical hormone,
It 18 algso known that the posterior pitulitary extract
contains an antidiuretic principle, gilvette (161) in )
dwﬂ“""‘M s
recent experiment 1941, found he could produce anmEte,

but no pressﬁ%e or oxXytoxic actions in smooth nmuscle,

thereby not being able to also affect blood vessel tonus,
He eoudd 3%Vb-ﬂ7th1J ol decvecte ol ot prepssated
fooarts A (Bek” icppsabed o d“ﬁ”" Y e
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mh2 mactor of miasue Pressure in wdema

gtarling (15) in his orisinal proposal of the hydro-
static-osmotic pressure bhalance thsory of fluid exchange
recognized that the pressure built up hy extravasated
fluid being forced into the inter-spaces of an elastic
tissue must be a factor in the control mechanism of edema,
His personal idea was that normally the process of back-
ward filtration in the connective of 1limb muscle and glands
was impogsible as the pressure of outside forcing water in
would tend to collapse the blood vessel, =nut if the intra-
tissue pressure is built up, absorption becomes possible
because capillaries each have radiating fibers into the
surrounding tissue and swelling in the tlssues would dis-
tend the fibers and keep the cavillary open, Only two
years previous to gtarling's publication, Ianderer (11)
measured the tissue pressure in edema, arriving at a
fizure of 550 mm of mercury. gsubsequent workers have re-
futed this high figure, aeldenmeister and Hoffman (162)
in 1922 found the subcutaneous pressure in edema patients
to build up as high as 130 mm of mercury, landis and
Gibbons'(163) findings refute geldenmeister and Hoffman,
and are inclined to place greater credence on the technique
and these results of Meyer and Wolland: (164) 55 to 85 mm
of mercury intracutaneously and 20 to 40 mm of mercury
subcutaneously as read by direct manometer, Ry indirect

methods voumans and &1 in 1924 found the figures between

{4



311 to 489 centimeters of water and gmart in the following
year found figures from 40 to 180 cms of water in casges
of heart failure,

Youmans et al (40) found thet in standing there was
increase in leg volume and that pressure increased three
to five times, mhey concluded that the rise of tissue
pressure was an important in the 1limiting the loss of fluid
as wasg any compensatory increase in the collold osmotic
pressure, mhese authors attempted to formulate mathemat-
ically the loss of fluid from a carillary but as gmart (40
polnted out beside the three factors of hydrostatic
presgsure, blood protein, osmotic pressure, and tissue
pressure (which they included as variables in their study)
should have taken into account such factors as filtration
rate, capillary vaso-dilitation, osmotic pressure ot tissues,
and lymph flow,

nurch and sodeman (44) reinvestigated the problem of
the estimation of subcutaneous tisgue pressure in 1937 in
an attempt to eliminate factors not that were unevaluated
in previous exXperimentation., mThey measured subcutaneous
pressures at heart level and found they differed by the
tissue involved, Thelir readinss ranzed from 17,9 to 37.1
cm of water, but in no tissue was the ftissue pressure ever
more than the accepted valuncs for capillary or venular
pressure, Tn testing the effect of ralsins venous pressure
on tissue pressure, they found a very slow slizht rise,

confirmed by measurements on cardizc failure patients dis-
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playing a slightly raised tissue pressure, 1In receding

edema, the tissue pressures seem to fall telow normal for

a while, then gradually return to normel, a phenomenon which
they explained as did landis and Holland (165) on the collapse
of a distended tissue and its gradual return to tone,

In a summary they claimed that tissue pressure is the resule
tant of four factorss +enous pressure, filtration ratio,

skin distensiblility and the lymph removal of fluidy, It

1s significant that they found no increase in tlssue pressure
with the rise of arterial blood pressure,

In 1938 the protlem of skin distensibility was
.attacked both by murch and sodeman (44), rut also by wells,
Youmans, and Miller (166), mhe latter found that the sum
of the osmotic pressure of blood colloids plus the tissue
pressure of muscle of a standing individual was equal to
the venous pressure, and that there was no myoedema. nut
in the same individual upon the motent of standing the
tissue pressure of his skin plus the blood protein osmotic
pressure was considerably less than the venous pressure,
and that filtration of fluid into the tissue started,

This transudation did not stop until, in two and one-half
hours, the tissue pressure roge so as to balance the diff-
erence that had bheen originally existant, mhey felt that
changes In osmotic pressure and tissue tension were sufficient
to account for the gradual slowing‘of capillary filtration

-rate, godeman and rurch obgerved followed these observations
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with reports that skin distensibllity decreased in edema,.
returned with a lag after the recession of edema. they
concluded that skin distensibility was definitely a limit-
ing factor in edema,

In 1940, Allen and wines (125) expressed the opinion
that edema in standing was 1limlted by increased tissue
pressure and that if tissue tone is poor more fluid will
escape and diffuse before the tissue pressure rises high
enough to balance the filtration pressure, godeman
and purch apﬁlied the same idea to explain postural syncope,
.mhey found that patients suffering from syncope of this

nature were suffering from a poor muscle and skin tonus,



The Problem

The force that motivates this particular paper is
the hope that a survey of the literature on the mechane
1sm of edema will afford a rational applicable concept
of the factors at work, FPFurther than that, there is the
desire to discern if there are any general principles
behind these factors that would enable us to better
orient our clinical and research endeavors,

Accordingly then the problem of this paper is to
examine and evaluate the research reports, to sketch
any principles discovered as conclusions, and to formulate
challenges for future research and clinical effert.
The examination has been afforded by the two historical
techniques in previous sections of the paper, An evalua-

ti>n 18 now in order,

The Diseussion

On the basis of a perspective gained by both a histore
ical survey and an examination of the specific lines of
investigation, there will be an attempt to delineate the
significant aspects of the problem todsy. Since personal
opinion and the exercise of prejudice will color these
opinions, even more so than the personal choice factor in
electing the research to be listed, it is best for the
reader's‘evaluafion to distinctly ldentify this section

as personal,



In full realization of these limitations, let us
first sketch the 1941 concept of capillary permeability.
The capillary is now considefed to be a structure
normally impermeable to objects the size of a protein
molecule, but relatively permeable to water and electro-
lytes, It is limited to the term relatively permeable
because we know that water is not diffusing freely at
the maximum rate possible through the pores of the
capillary, that there are factors retaining most of
the diffusible water within the capillary,

There seems to be two methods by which the capill-
ary can become completely permeable: one, by the‘actual
weakening of its intra-cellular cement from lack of the
calcium ilony and two, by the opening of the capillary
pores which are normally partially occluded, The first,
of these above methods of opening to capillary wall to
the passage of larger amounts of fluid and larger particles
depends upon the effect on intra-cellular cement forme
ation of the electrolytes in the blood, Prime illus-
tration of this 1s a decrease in calcium ion occurring
with an increase in the sodium ion that arrests the
ability of the endothelial cells to secrete cementum
enough to maintain thelr tissue continuity, This
immedlately reopens the case of the sodium ions role
in edema, Perhaps the accquittal 1t has received in

the last ten years has been premature,



The second method by which the capillary can be
made more permeable 18 by the opening of the normally
occluded pores in the capillary wall, These pores are
kept closed or partially closed to the transudation of
large amounts of fluid or large particles by two blood
cénstituents; the blood platelets and the blood serum
protein

The platelet action in occluding the pores can be
compared to the action of a butterfly valve, closing
the pore when pressure within the caplllary is higher
by covering the lumen and opening the pore when higher
extravascular pressure forces it aside, Tllustrations
of this function can be seen in the minute localized
capillary haemorrhages of thrombocytopeniec purpura in
whicb the platelet count 1is decreased, and in the part-
ial arrest of edema that occurs by adding platelets to
the blood stream,

The action of the blood serum protein in occluding
the pores of the caplllary is a surface activity phe-
nomenon, depending on the physical property of the pro-
tein to line the capillary wall with a single molecule
thickness layer, which because of the the size of the
protein molecule would be about 4 mu, thick, This layer
1s of sufficient thickness to at least partially occlude

the capillary pores which in theilr maximum size in vaso-

!



dilatation have been measured and found to be about
"6 mu, wide., The displacement of this protein layer
by substances of a higher surface activity and lesser
molecular size would open these pores wider, allowlng
more fluid to escape and particles of larger diameter
to be lossed from the blood stream,

consequently, the question of caplillary permeability
has resolved itself into three challeneges: one, the
role of the calcium ion in edema must be studlied with
emphasis on detection of falls in blood calcium ilon levels
below that compatible with encdthelial continuity;
second, the blood platelet count must be followed in
the various edemas and the possibllity of whole blood
transfusions be reconsidered; and third, the search for
substances of high surface activity and smaller molecular
size in the blood of the edematous patient must continue,
This latter substance has been proven to exist, but now
it must be identified, Perhaps it is the same force
that is etiological in changing the protein dispersion
and molecular weights in the albumin or globulin protein
systems? The polypeptids appearing in the blood and the
hypercholesteremia of nephritics must also be Investiga-
ted ag possible causative agents here, as should be the
guestion of blood oxygen tension and carbon dioxide tes-

gion,
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Though the above chzllenges are vital, they are by
no means the whole story, We still must be aware that
capillary permeabllity is only one of several doors
tha t may be opened before tissue gathers water, We
have sti1l1ll to show that brief pericds of increased
intra-capillary pressure do not cause the "blow-out!"
phenomenon recorded by landis, We have still to
evaluate the vasodilatation of the capillary by nerve
or endocrines and the whole question of the relation
of capillary tonus to permeability, In addition, we
must also remember the possibility that enough fluid,
protein free of course, could filter out of the
normal partially occluded pores to cause an edema,
This must be what occurs when the normal individual
stands for a long period, Information showing the low
protein content of the edema fluid of nephritics and the
higher protein content of the edema fluid of cardiac
patients leads to the suggestion that when the colloidal
osmotic pressure is reduced enough fluid can diffuse out
of the normal partially occluded pore to cause edema, but
that in heart disease some qualitative change in the blood
opens the capillary pores so that fluid and protein may
escape, Thus, a different mechanism is erected as the
general pattern of mechanism for cardiac and the low blood

.protein edemas,



In considering the part played by the blood consti-
tuents in edema, we can not, as others bhefore us, throw
aside the hydremic theory in full, We now know that the
stage of dilution of the blood has a direct effect upon
the transudation of fluld into the tissues, that dilu-
tion is 1mmediately and automatically eliminated by a
mechanism designed to keep the plasma volume constant,
When a relative hydremia does exist, we know from studies
of the physical prepverties of the protein systems in
the hlood, that £ ¢ osmotic pressure exerted per gram
of pretein receds to levels beyond that accountable
from pure dilution itself. In other words there is some
form of internal compensation within the protein systems
in which light weight molecules within the systems
combine to form heavier molecules, the reduction in
number of molecules lowering the colloid osmotic pressure
exerted bv each gram of protein, B:s this method fluid
1s freed to filter into the tissue resevoir or to be
excreted, o |

If the abéve can be considered to he th~ bhody's
normal mechanism of handling excessive intake of water,
how then does this effect the concept of'édema. In norme-
ality, the blood protein system thus sheds unwanted water
and the eXcess 1s demonstrably eunptied from the vascular

channels thérugh the kidney though some may deviate to
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the tissues temporarily to await their turn for excree
tion by a kidney which has a limited maximum capacity,.
On the other hand in pathology, the losg of the kidney
outlet or the failure of the circulation to carry excess
fluid to the kidney combined with some increase in
the permeability of the capillary would result in the
excess water being diverted into the tissues, Th:s, we
do have a ra‘tionale for limiting water intake, for we
must appreciate the tendency of the blood protein systems
to internally compencate for too much water by lowering
the specific osmotic pressure, |
The recognition of the internal compensation mentioned
above as a qualitative alteration of plasma protein
osmotic pressure does not in any way lessen the signife
icance of quantitative alterations of osmotic power
by protein loss 6r inability of the organism to compen=-
sate for chronic loss es, For the clinical problém of
arresting such losses we must mobilize the information
on capillary permeability given above and for the
problem of increasing the regeneratisn of plasma proteins
we should utilize the vital information in recent lite
erature, Madden et al.{167) show that the curve of
plasma replacement follows the protein intake curve,
quantitatively and qualitatively, once the body protein
stores have been depleted, They show that cystine,

vryptophane, lysine and glycine are the essential



amino acids for plasma protein regeneration, that
animal protein is more effective than vegetable protein,
and that a diet of casein, liver, rice and potatoes
zlves the best results, They feel that in renal
disease especially, the regeneration of plasma protein

is a major problem for often that part of the body
protein available for conversion into plasma protein

18 exhausted., It should be noted incidentally that
during the conversion of body protein to plasma protein
the protein breaksdown into polypeptids before resyn-
thsis, a fact that may have bearing on the problem

of permeability where already the polypeptids are
under suspicion,

Recenﬁ work also should open our minds to the posSsSw

ibility that this int-=rnal compensation mechanism of

the plasma proteins might be impaired pathologically

in favor of a continuous low specific osmotic_pressure,
thus creating an edema, It is entirely possible that
both the albumin and globulin systems might be so dispere
ged that thelr components would be combined into the
heaviest molecular welghts possible for each respective
system, MacFarlane (42) has already noted that besides
dilution, the factors of aging and the presence of other
proteins can change the state of protein association,

and he has emphagsized that only slight environmental
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changes were needed to reap large variatioms in the
proportiong of molecular weight fracti-ns., Electro=
phoresis experiments show that measureable forces
can alter by degrees the state of protein dispersion,
Perhaps here lies the answer to those paradoxical
cages of normal blood protein levels assoclated with
clinical edema,

The very same bhackground can be postulated to
explain the paradox of low protein plasma level and
no c¢linical edema, It is also possible that the dispere
sion state of proteins in each of the two systems, the
21bumin system and the globulin system, could be
altered so that the lightest molecular weight fractions
would predominate, A8 this would divide each gram of pro=
tein into the maximum number of particles the osmotice
‘pressure would consequently be raised., Hoitink (168)
found the specific osmotic pressure high after haem-
orrhage despite the plasma loss but could not correlate
it with changes in albumin-globulin ratio, salt concene
tration, ph, lactic acid, or non-protein nitrogen,
Perhaps here we have an example of intermal compensation
alteféd to the gide of high osmotic pressure in order
to better defend the body and prevent edema,

It is natural for us now to face the challenge of

finding the forces, beside those given above, that



control the dispersion state of the two protein systems
in the blood, Once we are equ’'ped with this information
we shall be able to give to the clinician tools so that
“e may not only aid regeneration and prevent the loss

of plasma proteins but also obtain the maximum osmotic
ability of those self same proteins, Here again, as

in permeabllity the increased polypeptids and hyper-
cholesteremia of edema patients must be related to
proteins and their physical properties,

The problem of evaluating the role of hydrostatic
nressure in edema is one of dlscerning Just what cone
ditions are physiolo~ical and Jjust what conditions are
experimental, Many of the investigators in this par-
ticular field have suceeded in demonstrating increased
edema or increased lymph flow by raising the intra-
capillary pressure, but in obtaining these results they
have resgorted to techniques for raising the intra-capill-
ary pressure that interrupt the blood flow -nd thus alter
physically and possible chemically the conditions of their
experiment, The question rises, "Does the pressure within
the capillary ever physiologically rise to heighths
sufficient enough tocause edema?”

We know from griffith et al. (169) that in hypertension
the intracapillary pressure is raised, if only slightly,

Yet. 1t is known that hypertensive individuals do not



develop edema except upon decompensation of the heart,
lawson and Hampden (144) confirm increased lymphatic
flow in hypertension, but claim that it is the intermitte
ent pulsatile pressure changes of a strong arterial pulse
that milks the venous and lymphatic channels, keeping
the drainage adequate enough to prevent edema, Thus, we
do have evidence of an elevated intra-capillary pressure
of arterial origin though the theories explaining the lack
of edema under this condition are unconfirmed, But does
intra=-capillary pressure ever rise due to strictly venous
conditions? Many experimenters have raised venous pressure
and thus the intra-capillary pressure, but have they duplli-
cated mhysliological conditions? somé have claimed that
capillary pressure rises beyond normal in incompetency of
the valves in the veins and also in venous stasis., An
examina ~ion of the hydrodynamics of the system involved
would questinrn these claims,

At any one given point on the capillary wall, the press-
ure exerted against that point 1is equal to the column of
fluid above that point, whether it be the arterial column
or a venous column, plus the kinetic force of the blood in
motion, mhis kinetic force is equal to the force exert:d
by the heart less the friction between the heart and the
point in the capillary that ie in question, Accordinglv.

the force against this point is always more when the fluid
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18 in moti'n than when the circulation is at rest, mhus,
1f the valves of the veins should become incompetent or
the decompensation of the heart should dam back blood,
creating a venous column above the point, the pressure
against that point would s8till not be raised, for it is
already supporting a column equally high through the
arterial side of the system, Tnstead the pressure here
would be lowered hecause the venous stasis would resist
and thereby lower the kinetic force of motion,

On the basis of this reasoning we must assume that,
clinically, edema does not arise from raised venous
pressure, And further, if venous stasis 1s known to cause
edema, then we must cease 1looking for some guantitative
pressure change and center our attention on some quali-
tative change of blood peculiar to venous stasis, e
must look for some physio=-chemical blood change to ex-
plain cardiac edema, remembering that the edema fluid
analyses of cardiac edema indicate that the substances
occluding the caplllary pores have been displaced, Thus,
we come to the conclusion that arterial hydrostatic press-
ure increases do force more fluid out but that this trans-
udation rarely goes above the 1limits of compensation by
the lymph system; that although raised venous pressure
does force out more fluid per cm, of water (144) increase

than does raised arterial pressure, it does not occur
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under physiological conditions, 1Instead it seems more
1ngical to account for the advantage of raised venous
pressure transudation over ralsed arterial pressure
transudation,and the edema that occurs with venous stae-

sis without raised pressures,on the basis of a change

)
in the Dblood,

Having ruled out increased intra-capillary pressure
ag a factor in the common renal, malnutritional, and
cardiac edemas, we must not overlook the fact that
changes in posture still can alter the intra-capill-
ary pressure, In standing a higher column of fluid
must be supported by the capillary causing a tremendous
increase in caplillary pressure, This increase is accome
panied by transudation of fluid into the limbs, an ine
creage in size of the limbs, the rise of the subcutan-
eous pressure and an osmotic compensation by the blood
proteins to adjust to the new situation., This mechanism,
although it suggeste bed rest in cases of edema, is not
the pathology operative in renal and heart disease,

mhe tr-nd of ingquiry upon the role of sodium chloride
in edema has culminated within the last ten years in the
decision that it is passively deviated into the tissues
along with other electrolytes and has no dynamic part in
the causation of edema, However this crystalloid does

augment edema clinically because the mechanics of its
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diffusion are sublect to the law of mass action,

when an individual takes in salt it diffuses equally
through the free body water, Thersfore one fourth of
1t would be still in the blood stream and the other
three fourths in the tissue fluid, and the osmotic
pressure exerted by the great numbers of sodium and
chloride ions within the vascular system and without the
blood vesgsels 1s nullified as a force in water exchange
because of the free diffuseability through the capillary
wall, A8 the kidney excretes salt it removes that in
the vascular system, thus lowering the salt concentration
intravascularly and capsing a diffusion of ions from the
tissue resevolr into the blood stream until the the
intravascular and exiravascular concentrations are once
more equal, With this diffusion of ions into the blood
vessgel the is an accompanying diffusion of water molecules
out of the vessel as a complementary function to equalize
the concentration at all polnts of this electrolytic
solution, Thus, the mechanics of diffusion tend to work
counter to the forces absorbing an edema fluid as long as
the kidney contfdes to excrete salt and keep the intra-
vascular concentration lower than the extravascular, 850
long as there is sodium in the body above the renal threshe
hold salt will aggravate an edema, and 1t will continue
to do so during the long process of diffusing the sodium

of the tissue fluid into the blood stream, a process which
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becomes progressively slower as the amount of salt per
unit of tissue fluid falls lower and lower,

nespite this exoneration of sodium chloride as a
prime factor in edema, there has been work recently
that incriminates sodium ag an ag nt causing caplille
ary permeability. chambers and 7weikach contribution
that has been ¢’ ted ahove polnts to sodium creating
a weakness in endothel’'al continuity by suppression
of the cementum secretion promotion effect of the cale

cium ion, The rise of the amount of sodium over cale

cium in the blood also has been shown to cause muscle -
edema, Therefore we must keep our minds open to the
possibllity that sodium chloride intabke is doubly
active in augmenting edema

Tre lymph system can only be evaluated in terms of a
limiting mechansim in edemn, It 1is a system capable of
draining the escamned protein and excess fluld from the
site of the edema, The tissue fluid, except in terms of
its sodium chloride content, has not yet been proven
to be factorial in edema but the same can not yet be said
about the tissues themselves, Although Fischer's partic-
ular mechanism for the absorption of water by tissues has
been ridiculed out of existence, there 1is still no proof
that osmotic preséure eXerted from within the cells might

nat be complementing some other factor pulling water into



Jjust into the tissue spaces, Pathological examination
of tlssues show that not all edema is extra-cellular,
Ce Achards findings on the effect of the lipocytic index
on the hydrophilic properties of tissue cells as well
as aune, Jarvis and Coonergtock's report on sodium-
calcium ratio, mentioned in the paragraph above, show
extensive literary and experimental background to the
exlstence of intra~cellular edema, TFwvidentally the
story of intra-cellular edema is a chapter yet to be
written,

The factor of tissue tone and tissue pressure~can
also be identified as a limiting factor in edema,
The distensibllity of a tissue determines just how much
fluid will escape before the extravascular pressure
will build up high enough to equal the intravascular
pregssure, At the point where transudation stops, the
hydrostatic pressure will be found to be equal to the
sum of the tissue pressure, colloid osSmotic pressure,
and the compensatory drainage by the lymph system,

An examination of the meagre data gathered on the
relation of the endocrines and the central nervous
system to edema indicates at once that the background
it too inadequate for a balanced evaluation, NecesSe
ary foundation to the formulation of an opinion upon
. these factors demands additional information on such

cuenomena as the altemate constriction =id dilatation



of capillaries in any given bed and the alterations

of capillary flow that occur with sensory perceptions
of pressure, temperature, and whatever stimull operate
in inflammatory conditions, wWe need correlations of
academic knowledge of the nervous control of blood flow
with elinical situations, 1In the field of the endocrines,
we again need careful confirmed research and clinical
experience, TFrom the reports of allergists and others
we have evidence against both ovarian hormones, the
adrenal cortical hormone, and the anti-diuretic factor
of the posterior pituitary body as agentse causing edema
in some of its rarer forms, Here again, in discretion,
one awaits a greater factual background before treading

upon unproven ground,
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1.

2,

3

5e

fonclusions

galient findings on the factors operative in the
edemas of heart disease, renal diease , and mal=-
nutrition have been examined,

gome capillary permeability exists normally, but
permeability may be increased by electrolyte changes
in the blood impairing the intra-cellular cement or
by substances displacing the adsorped layer of proe-
tein molecules and blood platelets that line the
capillary wall and partially occlude its pores,

The colloid ogmotic pressure exerted by the blood
plasma protein systems is capable of being altered
not only by changes of the amount of protein pree
gsent in the blood gtream but also by internal re-
arrangements of molecular size within the protein
systemsl,

Hydrostatic pressure increases are capable of
causing increased transudation of fluid into the
tissues, but they do not occur as factors in the
clinical edemas, mhe increased transudation of
venous gtasis 18 not due to increased intra-capille
ary pressure but to qualitative changes in the blood,

godium Chloride passively diffuses into the tissues

and mechanically slows the absorption of edema fluid
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by the transudation of water into the tissues in the
process of equalizing the extra-vascular and intra-
vascular sodium chloride concentration, the balance
between which is constantly upset by renal excretion
of intra-vascular salt,

6., Tissue pressure, skin distensibility, and lymph
drainage are ldentified as limiting factors in edema,

7. (onclusions on the role of the nervous system and
endocrines in edema Were_deferred until more pertinent

information 18 available’,

The challenges
In accordance with the motive of this paper to reorient
and redefine the directions for future clinical and labor=-
atory Invecstigation, the following challenges are included:
1. vwhat alterations of sodium-calcium ratio occur in the
common clinical edemas?
2., wWhat alterations of the blood platelet count and platee
let physiology occurs in the common clinical edemas®
3¢« What physiological or pathological blood constituents
displace the protein molecular layer lining the capille
ary wall? (Cholesterol, polypeptids, and salt should be
among those investigated,

4, what is the effect of cholesterol, blood 1lipids,sodium

chloride level, fibrinogen, oxygen tension, carbon dioxide,

tension, et al, on the dispersion of protein systems as
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