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Th e attention of physiologists and clinical investigators 
has been focused with ever increasing intensity upon problems 
concerning the nature of edema and its causes, 80 that today 
we find innumerable pages given up to thi s subject in most 
cur rent medical journals. This interest in the disturbances of 
wate r balance seems justified when we consider th e fac t th at 
edema, either loca l or generalized, appears, for one r eason or 
another, in a myriad of pathological conditions and frequently 
presents a challenge to OUT therapeutic ingenuity. ~(an)· of 
the fundamental processes involved in the mai ntenance of the 
normal fluid dis tribution in the body remain completely 
obscure ; nevertheless, p rogress has been made in recent years 
which helps U~ to define our knowledge and to clariCy some 
oCthe fac tors which play an active part in shif ting biological 
equilibr ia in such a way that amounts of fluid greater than 
normal occupy the tissue spaces. I should like to discuss 
the role of the factors which are known to playa part in the 
product ion of edema, an d also to point out that certain in
consistencies arise .when they alone are applied to explain 
some changes in fluid equilibrium. 

Edema fluid lies in the inter stices between cell", and in 
most instances its accumu lation is greatest in the loose sub
cutuneona areolar tissue of the body. Ther e ure consequently 
only two possible sources for th is water , which contuina 
va rious mineral and organic const ituents. Either it must he 
liberated from the cells of the tissues themselves, or it must 
come from the blood-stream. 'Yhile the cells of the bodv are 
freely diffusible for water and certain non-electrolytes linder 
various conditions, depending- chiefly upon the tonicity of 
their exte rnal environment, migration of fluid from the cells 
could not bring abou t sign ificant edema. We know when 
edema develops that the weight and volume oC the involved 
part increases and such changes cannot result solely Irom 
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the t ransfe r of water exist ing within cells to th eir adj acent 
spaces. Hence we a re justified in stati ng that when edema 
develops for any reason whatsoever, the immediate source 
of th is fluid must be the blood-p lasma. 

With thi .. ('Oilt'l,,;t in mind, and the knowledge tha t the 
veins un.l arteries are impermeable, it follows tha t the eupil
la ry 1M.."(j is th e only portion of the va scula r sys tem which 
permit s the inte rchange of fluids. H ence, any discussion of 
edema must take into detailed consid eration th e physical , 
chemical and physiological Iorces active within th e capill ary 
wull, a t the ca pillary wall , and immediutely outs ide of the 
capilla r y wall. This is t rue r egardless of the rem ote etio
logical causes of fluid accumulat ion, even though they he as 
diverse in thei r na ture as protein starva tion and th e sting of 
lUI insect. in other words, wheth er or not edema develo ps 
in u pat ien t depends upon condi tions in and around the capil
la ries and not upon the disease process. 

~ I ost edemutuus sta tes a re dependent upon two funda
menta l distu rbances related to capillary physiology. Other 
disturbances also pla ya rate, but chiefly quantitatively, anti 
of these I shall have more to S8)' later on. One of the two 
funda mental disturbances has to do with changes in the eq ui
lihrium which normally exi sts between the hyd rostatic pres
sure within the capillar ies and th e osmotic pressure of th e 
plusmu proteins. The other has to do with changes in the 
permeability of the capillary wall s for water und the solutes 
of the plasma including the proteins. 

Before going on to discuss edema formation, let us 
review th e mechanism by which fluid equilibrium is nor 
ma lly maintain ed ucross the capill ary wall. In orde r to 
visuulize the forces uct ive in this process, we must first direct 
0 11 1· attent ion to th e blood-pressure or hydrostatic pressure 
present in different por tions of the capillary loop. When 
the blood leaves the urtei-ioles and enters the extens ive cnpi l
Jury 11("(1, ther e is naturally a sha rp drop in th e blood-pressure. 
" "e nrc chiefly indeb ted to Dr. Eugene Landis for having 
nmde di rect mea surements of the hydrosta tic pressure in 
va rious po rtions of th e capillar y loop in man. Landis in. 
serted eunnulue in to th e arterial and venous ends of the 
eupillnries at the base of the finger na il and found tha t the 
p ressure a t the arterial end is about 32 mm. of H,:;-. and at 
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the venous end it drops to about 12 mm. of Hg. Thus we 
find that even in the venous end of the capilla r ies there is P. 

positive pressure tending to press fluid through the wall of 
the capillary into the ti ssue spaces . The following ques tion 
immediately presents itself : How can rtuid return to the 
blood-stream again st this positive blood-pressure ! This is 
accomplished by the osmotic pressure of the blood-plasma as 
Starling first suggested in 1896. 

Let us now consider the source and magnitude of this, 
plasma osmotic pressure. The normal capillary wall acts as 
a semi-permeable membrane permitting free diffusion of 
water, salts, and most orga nic solutes, but not permi tting the 
diffusion of the large p rotein molecules of the plasma. The 
non-electrolytes such as glucose and urea are consequently 
present in the same concentration on both "ides of the mem
brane. The sodium an d the chloride ions, which are quanti
tatively the most important electro lytes, a re also distributed 
on both sides of the capillary wall in nearly equal concentra
t ions and in accordance with a membrane equillbrhu u known 
as the Donnan equili br ium, which we need not consider here. 
Hence the osmotic pressure of the sal ts and non-electrolytes 
within the capillary is equalized h)' the same forces acting 
outs ide the capilla ry. By exclusion, the only substances 
which are p resent in the capillaries in relatively high con
centration 8 S compared with the interstitial fluid are the 
serum proteins. These ionized 13erWIl proteins can and do 
exert an appreciable osmotic pressure. This can be eaeily 
demonstrat ed by the following experiment. If blood serum 
is p laced in a collodion ARC containing a man ometer an d the 
sac is immersed in a beaker of normal salt solution, the pH 
of which is adj usted to about 7.4, the Iluid enters the sac 
and rises in the manometer. Aft er a few hours, equilibrium 
is reached and the height of the fluid column in the mano
meter naturally represents the osmotic p ressur e of the pro
teins of the serum. Thi s simple meth od, or a modification of 
it, is frequently used for the clinical determination of the 
osmotic pressure of the proteins in a sample of blood serum. 
The normal osmotic pressure of serum th us measured and 
translated in terms of 8 column of mercury lies between 20 
and 2:') nun. Thi s is the pressure exerted b)" human serum 
normally containing between 6.5 and 7.5 per cent of protein. 
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Before retu rnin g to the- discussion of the significance of 
the serum of plasma proteins in the regulation of fluid ex
change across the capilla ry wall, I should like to [lay a few 
words about their physicochemical properties, as these are 
tit' importa nce in understandi ng the cause of certain types 
uf edema, As you know, the plasma proteins are made up 
of albumin, globulin and fibr inogen fractions. The last 
need not be discussed as it is present in such I\u18l1 amounts , 
that, for our purpose, it is of no importanee. Normally , 
human se rum contains about 4,.4 per cent of album in and 2.6 
per cent of globulin according to Peters ' analyses. The 
globulin molecule is approximately twice 88 large as the 
albumin molecule and conseq uently 1.0 gram of globulin will 
exert an osmotic pressure just hal f as great 8S 1.0 gram of 
albumin dissolved in the same amount of fluid. Thus the 
major part of the osmotic pressure of normal serum can be 
at t r -ibuted to the albumin fraction. From this brief discus
sion it becomes appare nt that we need to know the rela tive 
amounts oC albumin and globulin in the serum as well as the 
total p rotein content, when we wish to consider the osmot ic 
press ure of the serum proteins. 

Let us now see how the osmotic pressure of the serum 
pr oteins accomplishes the r eturn of fluitl from the interstitial 
spaces to the vascular bed. The hydrostatic pressure at the 
arterial end of the capillary loop is about 32 mm. and thi s 
grudually falls so that the pressure at the venous end if! about 
12 mm. As has already been indi cated, thi s tends to push 
water out of the capillary. 'Ye have seen that the serum 
pr oteins normally exert an osmotic pressure of about 23 mm. 
That means thut they tend to draw fluid into the blood-stream 
with thi s forc e. Th e re sult is apparent . Capillary pressure 
il'l greater than osmotic pressure at the arterial end of the 
loop and fluid is squeezed into the intercellular spaces ; 08· 

motie pressure is g reater than capillary pressure at the 
venous end of the loop and fluid is drawn back into the circula
tion. In thi s manner the normal fluid conte nt of the tissue 
spaces is maintained. On the basis of th is discussio n we Illay 
conclude that edema may develop for one of the following 
reasons : Fi rst, if the concentration of the serum proteins. is 
reduced M that the osmotic pressure is lower than the hydro
static pressure in the venous end of the capillary j second, if 
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th e pressu re in this part of the capillary is increased so that 
it exceeds the osmotic pressure of the serum proteins. Th e 
edema fluid r esul ting from one of these disturbances should 
contain very little protein , as the capillary wall has not 
changed its st ruc tu ral cha racte ristics . 

Th e second type of fundamental change in the physio
logical behavior of the capillaries which may result in the 
development of edema is dependent upo n the histological 
st ructure of th ese vessels. When th e capillar ies a re dila ted 
as th e r esult of pharmacological stimulation, inflammation, or 
for an y oth er reason, th e pores between th e cells of the vessel 
wall are opened, permitting the transfer of the serum to 
the in tercellular spaces. In edema resul ting from this dis
turbance we naturally expect to find th e in terstitial fluid 
relatively rich in serum proteins. It sho uld be pointed an t 
tha t in r eality such edema fluid never contains 8 S much pro
tein as does the blood-serum. This may be explai ned by the 
fa ct that when ser um is transferred to the outside of the 
capilla ry, this tends to counterbalance the effective osmot ic 
pressure of the proteins within the capilla ry, thus inhibitin g 
the return of water and salts normally forced out through 
the arteri al end of th e loop. 

It WM ment ioned before that processes other than the two 
which we have described in some detail may play a role in 
the development of edema. Among these arc lymphatic flow 
and the pressu re exer ted on th e outside of th e capilla ries, us 
a r esult of t issue tension. On th e bases or the r ecent studies 
of Drinker Hod of w eeeh, it seems likely that the lymph flow 
is or gre ate r importance in maintaining fluid equilibrium th an 
we had formerly believed. It is, however, impossible to state 
at th e present time what quantitative significance the lym
phatics may have in the r emoval of fluid from the ti ssue 
spaces under normal conditions, and when edema develops 
from other than mechanical r easons. It is well established 
that lymph flow in th e extremities practi cally ceases in dogs 
with th e ani mal at r est and becomes marked only with physical 
activity. Th ere is r eal hope th at the quantitative studies in 
progress in various laboratori es at th e present time may 
extend our knowledge of this subjec t. 

The influence of ti ssue elas t icity or tension in r egula tin g 
fluid equilibrium in the body is even mor e obscure than is th e 
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role of the lymphatics. Schade has for some years stressed 
the fact that the tension of tis sues on the outside of the 
capillaries tends to counterac t the hydrostatic pressure which 
forces fluid out of these vessels. As evidence in favor of 
this idea nwnerous investigators have pointed to edema which 
may first ap pear about the eyes where the ti ssue tens ion is 
admittedly low. T his, however, is at best an unconvincing 
argument as it is not based upon quanti tative measurements. 
Recent attempts to show differences in ti ssue reaistence to 
the inflow of fluid under n constant press ure in normal and 
edematous individuals have yielded enti re ly negative results. 
Unfo rtunately, more accurate investigation of this subject 
must be car ried on before we can properly evalua te the sig
nificance of tissue elas tici ty. 

In view of the fact that edema fluid is derived from blood, 
the discussion of this stibject necessitates a consideration of 
the va eious substances which cont ribute to the electrolyte 
pattern of the plasma. As we know, the plasma consists 
essentiallv of a solutio n of sodium chloride. The other 
elect rolytes such as calcium, potassium, phosphate and sul
phate nrc present in small but definitely fixed amounts and 
bicarbona te is combined with the excess of sodium not needed 
for union with other an ions. Life is incompatible with any 
great change in this electrolyte pattern. Thi s is particularly 
true of the cations. Chloride and bicarbonate ions may 
change their relationships within fairly wide limits without 
deleter ious effects upon the organism. However, a smnll 
increase in the amount of potassium or a comparatively small 
decrease in the concentrution of calcium or sodium in the 
blood plasma leads to di sastrous distu rbances. By some 
mechani sm which is still wholly obscure, the body, through 
selective action by the kidney, protects its electrolyte struc
ture. Thus, regardless of the quantities of calcium, potas
sium or sodium salts which may be ingested, the kidney 
selectively removes just the proper quantities of these cations 
so that the normal relationships are maintained in the blood 
and tissue fl uids. Thi s is not only true of the normal indi 
vidual but is likewise true of any patient with edema, because, 
as has already been pointed out, edema fluid is essentially 8 
blood filtrate. 
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It naturally follows from th is discuss ion that in the p ro
duction of edema, sodium chlor ide must he retained, as this 
constitutes the .u backbone" of blood-plasma and inters tit ia l 
fluid. 'Vater alone can not he retained without sal t. Th e 
increase in edema following th e administration of salt is 
common to th e expe rience of all clinicians, hut was firs t com
mented upon by 'Widal thirty yea rs ago. ' n dal ascribed this 
effect of salt to specific retention of th e chloride ion, hut th rs 
idea was disproved by ~lagnu s.Le,,-y and hy Leon Blum who 
showed that the chlorides of potassium, ca lcium end am
monium do not cause edema and freq uently induce a diu resis. 
We now know that the rete nti on of sod ium chloride ami water 
is not dependent upon disease of the kidneys. Th is is shown 
by the fac t that normal individuals who have been deprived 
of salt for some time, r etain sodium chlor ide and wat er for 
8 t ime to build up depleted stores of plasma and interstitial 
fluid. The development of edema appears to result from the 
same processes, but to an exaggerated extent, because of the 
existing dis turbances in capillary physiology. 

Having devoted much of my time to some of the physio
logical aspects of fluid equilibrium, I should now like to 
discuss their applications to clin ical medicine. It has already 
heen pointed out that most edema results from one of two 
fundamental di sorders of capillary physiology. F'ir st, a 
distu rbance in the balance between hydrostatic and osmotic 
pressures 8 S suggested by Starling in 1896, and second, t l) 
changes in capillary permeability. 

One of the most distressin g problems with 'vhich the 
physician ill confronted is that of the "water-logged " ne
phritic patient whose edema is frequently massive and of long 
duration. Until 1917, very little progress hod been made in 
our und erstanding of thi s disorder, As a matter of fnet 
confus ion reigned supreme, theories of "colloidal swelling ", 
based upon incorrect obse rvations and inaccur ate unnlogies. 
having for yea rs occupied th e mind of clinician s lind physi
ologists. In that yea r (1917), Albert E pstein fi rst pointed 
out that this edema might result from a dieturhanee between 
the balance of capillary nnd osmotic pressu res, becnuse these 
patients, since the days of Richard Bright, have been known 
to have a marked decrease in th e protein content of 
th eir blood serum-usually less th an 4 per cent. F ollowing 
Epst ein's sugges tion Govaer ts made an lnten aive study a t' 
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the osmotic pressure of sera from patients suffering from 
nephrotic edema. H e showed that the osmotic pressures 
were definitely below the normal of 20 to 25 mrn. of Hg. 
Furthermore, he found that the osmotic pressure was lower 
than that found when normal serum was diluted to the same 
protein concentration as that of the edematous patient. The 
explanation for this unusually low osmotic pressure was 
found in the observation that the blood of these patients had 
been dep leted of albumin, whereas the globulin content was 
normal or even increased in amount. This explanation 
offered hy Govaerts is entirely in hannony with the fact 
previously mentio ned that albumi n exerts a greater osmotic 
pressure than does globulin. Govaerts' findings have been 
confirmed by numerous investigators and it is now certain 
that the edema of nephrotic patients primarily results 
fro m depletion of the serum proteins, particularly albumin. 
" 'ltether the decrease in serum proteins is due to the excre
tion of large amounts of albumin or in part to a disturbance 
in the genesis of serum albumin has not yet been established. 
Just as edema develops when the albumin of hlood serum is 
depleted, so edema disappears as the serum proteins ap
pro ach their normal concentrat ions. 

Another clinical situat ion in which depletion of the serum 
proteins is of primary impor tance in bringing about a dis
turhance in the hydrostatic and osmotic pressure equilibrium 
with consequent fluid accumulation , is nutritional edema. This 
condition first became widely recognized during the 'Vorld 
'Var when und er-nourishment became prevalent in Germnny. 
Since that time it has become apparent that the edemn of 
beriberi and of the severe wasting diaeasee, such as tu
hercul oaia und carcinoma, may find it s origin in protein 
sta rvation. Peter s ha s sugges ted that depleti on of serum 
proteins hy prolonged und er-nutrition may he a factor in the 
production of edema in patient s with chronically decem
pensnted ca rd iac di sease, as he has shown that the seru m 
protein of such patients is frequently decreased in amount. 
These clinical impress ions all receive laboratory confirma
tion from the numerous experiments in which edema is pro
duced by protracted protein starva tion. In these experiments 
as well as in patients , edema usually appears when the pro
teins of the serum fall below 5 per cent and particularly if 
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the albumin fraction is reduced to 1(>1'8 than 2.5 per cent. 'Phe 
importance of the decrea se in serum proteins, i:e. in the 
osmotic pressure of the blood hns been repeatedly demon 
st ra ted in the laboratory by plasmapheresis expe r -ime nts. Tn 
thi s work animals are bled daily, the red blood cells 8.1"(> 

washed and returned to the animal without the pla sma pro
tein s. The serum protein concentration fa lls und the al bumin 
fract ion is decreased more rapidly thnn is the glo bu lin fr ar
tion. Edema then develops exactly us in nephrotic nephrit is 
or in malnutrition. In these animals whose kid nevs nre 
normal, sodium chloride restriction dec re ases the edelim and 
the addition of sal t to the diet increases it. Thus we see that 
it is possible to reproduce in the laboratory the characte r-istic 
edema which results in certain di seuses from protein loss 
with a consequent decrease in osmotic p ressure of the blood 
plasma. 

The second important capilla ry disturbance responsi ble 
for the development of edema wns Mid to result from in
creases in the permeability of these vessels, due to opening' 
of the pores. I have indicated that the edema fluid resultine 
from this change should be relatively rich in protein s and I 
wish to mention briefly some clinical states where this 
di sord er leads to edema. The simplest example is that of 
the histamine wheal. This drug being a great capilla ry 
dilator allows fluid ri ch in protein to he forced through the 
pores by the hydrostati c or blood pressure in the capillurv 
loop. Angioneurotic edema and urticarial whea ls hn ve ex
actly the flame origin. Govaerts hus shown that the edema 
fluid resulting fr om chemical irri tation of the skin conta ins 
almos t us much prot ein as does blood serum. The edemu 
fl uid which nccumul ntes in patients with acut e glomerulone
phritis is rich in proteins as compared with the cdcmu fluid 
of neph r ot ic pat ients. Furthermore, edema develops in ncu te 
nephritis with very little decrease in the serum proteins. 
For these reasons, and because capillary damage is found 
histologica lly in thi s disease, it is now generally believed that 
the edema result s from increased permeability of the vessels, 
It is no longer though t that it is primarily dependent upon 
n decrease in the osmotic pressure of the blood serum ns is 
the case in nephrotic edema. 

Congest ive heart failure is, of course, frequently eharne
terized by the accumulation of large amounts of fluid in the 
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tissue spaces. The factor of protein starva tion which prob
a bly plays a minor part has a lready been discussed. There 
are two other forces which are probably of greater signifi
ca nce. One of these is dependent upon increase in capillary 
permeability and the other upon an upset in the hydro
static-osmoti c pressure equilibrium. Landis has shown that 
anoxemia leads to capilla ry dilatation with consequent open
ing of the pores. Since inadequate oxyge nation is presen t 
in congestive failure, we lIIay expect that plasma including 
it s proteins may tend to be squeezed out or the ca pillar ies. 
•\ nother typical feature of congestive heart fai lure is an 
increase in ven ous pressure. This is probably reflected back 
to th e venous loops of th e capilla ry so that th e pressure 
within these vessels is raised from th e normal of 12 mm. of 
H~. to u level which tends to counte r balance th e osmotic 
inflow of water into the capillar ies. Under these conditions 
edema would be expec ted to develop. 

Prom the foregoing phys iologica l and clinical discussio.r 
r may have conveyed the impression that th e mechanism s 
involved in th e developm ent of edema are 1111 clearly under
stood and that they a re ama zin gly simple in their nature. 
I should 1l0W like to correct th at impression. It is perfectly 
true that the two p rocesses which I have dwe lt upon are of 
tremendous importa nce and that th eir application has clarified 
many of our problems. Nevertheless, ther e ure st ill m811)' 
questions concerning edema for which our explu nut ions nre 
quite inadequate. F or example, T han' stated repeatedly 
that if the osmotic pressure of the ser um is lower ed, the 
return of fluid to the venous limb of th e capillary i ~ inhibited 
und fl lli.l pU811l'd out of the arteri al limb stays in th e t isane 
spaces. If we apply the same ren....oning to the enpilluries 
of th e kidneys, we should hav e less r esorption of fluid from 
the glomeruli and consequently an augmented urine output. 
This iii obviously entire ly contrary to the situation which 
exist s when edema develops. Of course we cun eirenmvent 
our d ifficulties with numerous as sumption II , but until proved 
correc t, as sumptions they mu st r emain. 

Xow for another difficulty: I have sa id that us the con
centration of serum protein falls, edema tend !'! to develop ; 
and that 8.8 serum protein increases, edema disappears. This 
is t rue, end, fur thermo re, it is th e rule. Th er e ure, however, 
exceptions. We have all seen patients with seru m proteins 
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reduced to 3 per cent who, contrary to expectation, have 
undergone R spontaneous diuresis with out any increase in 
protein concentration. Finally it is well recognized that 
certain inorganic sal ts, notably calcium chloride nnd ammo
nium chloride, may bring about 8 diuresis without obviously 
alt ering the physiological dis turbances in the capillar ies. The 
locus and means of action of these salts is still a mystery. r 
have not mentioned these disquieting fact s to dest roy the 
edifice of experimental evidence which has been built up, but 
to show that we still have much to learn and more to explain 
in relation to fluid equilibria in the body. 

Finally, I should like to say a few word s about the treat
ment of edema due to the loss of protein from the serum, By 
far the most important measures are dietary. In view of 
the nature of the disturbance present the liberal administra
tion of protein is indicated. The diet should contai n approxi
mately 100 grams a day. We have as yet no information as 
to whether any type of protein will particularly enhance the 
synthesis of serum albumin, but we are certain that beef pro
tein is not injurious and that most patients find it more 
palatable in large amounts than other meats. J have already 
indicated that sodium chloride is an important constituent 

. of edema fluid. Consequently, if salt restrict ion is rigidly 
enforced, edema "ill not increase rapidly. Unfortunately, it 
ig impossible to prepare a ba lanced salt-free diet, but with 
care the ingestion of salt can be kept below 2.0 grams a day. 
T might add that food should be selec ted on the basis of their 
sodium content rather than on the conten t of chlor ide. E luids 
are arbitrarily limited to amounts of 1,000 c.c. to 1,200 e.c. 
a day. 

Of all the diuretics at our disposal , aalyrgan is perhaps 
the most efficient and least objectionable to the patient when 
administered intravenously. I ts use is absolutely contrain
dica ted in the presence of inflammatory renal disease and 
when renal function, M 'measured by the uaunl tests, is 
seriously impaired. In the presence of severe albumi nuria 
it should only be used as a last resort. This drug is most 
useful in the treatment of edema due to congestive heart 
failu re and in nut r itional edema. Diuretics of the purin 
group are less efficient than salyrgan and also increase renal 
ir ri tation when inflammatory disease is present. Ammoniwil 
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chloride and ca lcium chlo ride in large doses occasionally 
cause nausea and frequently fail in their purpose- There 
are other therapeutic agents which may be employed, but the 
results are 80 inconstant that they need not be considered 
here. l should, however; like . to mention the fac t that Dr. 
Richa rds and Dr. Barach.of our clini c have shown in recent 
)'1:'8r8 that oxygen th erapy will bring a bout a d iuresis in 
many patients suffe ring f r-om chron ic congestive heart failure 
when digitalis, diure tics and other measures have failed. 

In eonelusion, may I fl8 ) " that I have tried to outline some 
of the things we know about edema, a few of the things we 
do for it and some of the things we don ' t know about it, 


