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Edema in childhood 
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Edema in childhood. There are two types of edema: localized edema 
and generalized edema. The causes ofgeneralized edema in childhoodare 
diverse. Formation of generalizededema involves retention of sodium and 
water in the kidney. The treatment of generalized edema depends on the 
primary etiology. Supportive nutritional and medical therapies are needed 
to prevent further edema. These and related features of edema in 
childhood are discussed in this review. 

Edema can be defined as the presence of excess fluid in the 
interstitial space of the body. Edema is divided into two types, 
localized edema and generalized edema. The formation of edema 
is associated with renal sodium retention. However, localized 
edema does not reflect a sustained impairment in the ability to 
maintain normal sodium balance. Generalized edema can arise 
via two different processes: (1) a reduced intravascular volume 
leading to sodium and water retention, that is, an "underfilling 
edema," or (2) sodium and water retention secondary to ex
panded plasma and intracellular tissue fluid volume accompanied 
by a lack of natriuresis, that is, an "overfilling edema" [1]. The 
generalized edema occurs in the presence of parenchymal renal 
damage (nephrotic syndrome, acute and chronic glomerulone
phritis and renal failure) or in the absence of structural renal 
disease (heart failure, liver cirrhosis). Idiopathic edema affects 
women in the menstrual period or in the immediate premenstrual 
period, who manifest generalized edema secondary to water and 
sodium retention [2]. Idiopathic edema is uncommon in the 
pediatric age group. Toxemia of pregnancy is characterized by 
generalized edema and hypertension [1], The severity of renal 
involvement is correlated to the degree of proteinuria. 

A less easily classified type of edema is the edema of seques
tration {third space}, which is associated with contracted extra
cellular volume for which the treatment is distinctly different, 
requiring infusion of extracellular-like osmotic colloids [3], 

The mechanism of "underfilling edema" is initiated with an 
increased glomerular permeability to albumin, that is, albumin
uria. The subsequent hypoalbuminemia leads to decreased plasma 
oncotic pressure accompanied by movement of water from intra
vascular space to the interstitium. The intravascular contracted 
volume in turn stimulates the following neuroendocrinological 
factors, resulting in sodium and water retention: (1) an increased 
renin-angiotensin-aldosterone (RAA) activity; (2) an increased 
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sympathetic nervous system (SNS) activity; and (3) antidiuretic 
hormone (ADH) release [4-6]. These forces and perhaps as yet 
unidentified factors give rise to the consequential water and 
sodium retention, which promotes the development of edema, 
The sodium and water retention leads to further decreased 
plasma oncotic pressure, setting up a vicious cycle perpetuating 
the edema formation. The movement of water from intracellular 
space to interstitial space by itself also contributes to the devel
opment of edema formation [1, 3]. 

In contrast, the mechanism of "overfilling edema" is expanded 
extracellular volume that results from primary renal sodium 
retention, possibly secondary to the renal damage, The RAA 
system, SNS system and ADH secretion are depressed in the 
"overfilling edema" [4-6], 

This review deals with the pathophysiology of generalized 
edema and describes its treatment. 

Causes of edema 

An approach to delineating the causes of edema in childhood 
can be summarized in Table 1, according to the following physi
ological changes: (1) reduced oncotic pressure, (2) increased 
blood volume, and (3) increased capillary permeability, 

Reduced oncotic pressure 

Edema in nephrotic syndrome. Traditionally, the mechanism of 
edema formation in nephrotic syndrome has been considered to 
be due to plasma volume contraction (underfilling edema) [5. 7]. 
Hypoalbuminemia that results from albuminuria causes reduced 
oncotic pressure, leading to transcapillary fluid in the interstitial 
space [5, 7-9]. The resulting decrease in plasma volume affects 
sodium and water retention in the kidney through stimulating the 
activity of RAA and SNS and ADH secretions [7-9]' As long as 
the disequilibrium of the capillary fluid exchange remains, the 
retained fluid will continue to accumulate in the interstitial space 
resulting in further edema formation [7-9]. In a majority of the 
patients with nephrotic syndrome, edema formation can be ex
plained by this mechanism. However, there are observations 
arguing against reduced plasma and blood volume in the ne
phrotic syndrome [8, 10-13]. Some patients with nephrotic syn
drome show increased plasma volume (overfilling), hypertension 
and edema [13]. In the patients with steroid-induced remission of 
minimal change nephrotic syndrome. diuresis and natriurese 

disruptio
and spla 
POrtal fl( 

usually begin before hypoalbuminemia is reversed [7, 8]. PatientS 
with nephrotic syndrome have high plasma renin activity "nd 
increased plasma aldosterone concentration. especially in minimal 

(1) Red 
Hypo 

Ne] 
Liv 
Ma 
Pre 
Sev 

(2) Incr. 
Cardi 

He: 
h 

Art 
Renal 

Act 
ACt 

Idiops 
Fan 
Nor 
Prej 

(3) Incre 
Allerg 
Vascu 

den 
dise 

change 
- Howeve 

in child 
Shapiro 
induced 
sterone 
showed 
could n 
gested t 
sodium 

The r 
natriure 
sorption 
experim 
tance to 
the resp. 
and a b 
expande 
presence 

. Suggest, 
It is 

sodium 
mechani 
nephron 

Edemc 
findings 
edema a 
sion, prn 
namic cl 
been pre 
retentior 
"undedil 



r
 
I
 

frologia 

diuretic 
IS as yet 
ter and 
edema. 
creased 
etuating 
cellular 
~ devel

panded 
sodium 
e RAA 

in the 

eralized 

ildhood 
~ physi
creased 

nism of 
ered to 
) [5, 7]. 
educed 
erstitial 
affects 

:ing the 
long as 
ns, the 
LI space 
of the 
be ex

vat ions 
he ne
tic syn
tension 
sion of 
riuresis 
'atients 
ty and 
iinimal 

Hisano et al: Edema in childhood S-lOl 

Table 1. Causes of childhood edema 

( ~ Reduced oncotic pressure i 

Hypoproteinemic diseases
 
Nephrotic syndrome
 
Liver cirrhosis
 
Malnutrition
 
Protein losing nephropathy
 
Severe burns
 

(2) Increased blood volume 
Cardiovascular diseases 

Heart failure: low-output (congestive heart failure); high-output 
heart failure (hyperthyroidism, anemia, beriberi) 

Arteriovenous fistula 
Renal diseases
 

Acute glomerulonephritis
 
Acute and chronic renal failure
 

Idiopathic diseases
 
Familial idiopathic edema
 
Non-familial idiopathic edema
 
Pregnancy
 

(3) Increased capillary permeability 
Allergic diseases (angioneurotic edema, aeroallergens, food allergy) 
Vasculitis (anaphylactoid purpura, systemic lupus erythematosus, 

dermatomyositis, polyarteritis nodosa, scleroderma, Kawasaki 
disease) 

change nephrotic syndrome with low plasma oncotic pressure [13]. 
However, plasma aldosterone concentrations are usually normal 
in children with minimal change nephrotic syndrome [8, 14]. 
Shapiro et al [15] reported that a negative sodium balance was 
induced in the nephrotic patients by administration of the aldo
sterone antagonist, spironolactone. However, Brown et al [16] 
showed that angiotensin converting-enzyme (ACE) inhibitor 
could not induce natriuresis in nephrotic patients. It was sug
gested that several other factors must play a role in increased 
sodium retention [15, 16]. 

The reduction in plasma volume presumably suppresses atrial 
natriuretic peptide (ANP) secretion, which inhibits sodium re
sorption in the inner medullary collecting duct [17]. Studies in 
experimental animals with nephrotic syndrome have shown resis
tance to the renal effects of ANP [18, 19]. In nephrotic patients, 
the response to exogenous ANP varies between a normal response 
and a blunted natriuretic response [20, 21]. However, volume
expanded nephrotic patients increased plasma ANP levels in the 
presence of a blunted natriuretic response [12,22]. These findings 
suggest ANP resistance in nephrotic syndrome. 

It is likely that intrarenal mechanisms are responsible for 
sodium retention in nephrotic syndrome rather than systemic 
mechanisms, and sodium-handling disturbances in the distal 
nephron should be further investigated. 

Edema in liver cirrhosis. Edema and ascites are major clinical 
findings in patients with liver cirrhosis. The pathophysiology of 
edema and ascites in liver cirrhosis is related to portal hyperten
sion, primary or secondary renal sodium retention, and hemody
namic changes [6, 23]. Three pathophysiological theories have 
been proposed to account for the ascites formation and sodium 
retention in liver cirrhosis [6]. According to the traditional, classic 
"underfilling theory," the initial event in renal sodium retention is 
disruption of the Starling equilibrium within the hepatic sinusoids 
and splanchnic capillaries owing to the increased resistance to 
portal flow, which leads to increased filtration of fluid into the 

interstitial space, that is, peritoneal cavity [6]. Intravascular fluid 
movement to the interstitial space leads to reduced plasma 
volume. resulting in increased activity of RAA and SNS and 
increased ADH secretion [6]. The RAA actvity is stimulated in 
the patients with decompensated cirrhosis and more so in the 
patients with hepatorenal syndrome [24, 25]. If this theory were 
correct, blood volume and cardiac output would be reduced. 
However, it is well established that plasma volume and cardiac 
output are markedly increased, and peripheral vascular resistance 
is markedly reduced in patients with cirrhosis and ascites [24]. 
This "underfilling" theory does not correlate with the systemic 
hemodynamic abnormalities related to portal hypertension. 

The "overflow theory" was proposed in an attempt to explain 
the relationship between portal hypertension and hyperdynamic 
circulation in the edema formation [6, 23]. The initial event is a 
primary renal sodium retention, and not secondary to a reduction 
in intravascular volume [6, 23]. The renal sodium and water 
retention would result in expanded plasma volume and increased 
cardiac output. The existence of portal hypertension and circulat
ing hypervolemia would accelerate ascites formation. However, 
this theory does not explain the reduced resistance of peripheral 
arteries and arterial hypotension. In addition, this theory cannot 
explain the results of events leading to the development of 
hepatorenal syndrome. 

The third theory, the "peripheral arteriolar vasodilation hy
pothesis" is that sodium retention in cirrhosis is a secondary event 
related to an arterial vascular underfilling [6]. However, in 
contrast to the classic "underfilling" theory, the vascular under
filling is not the result of reduced intravascular volume but rather 
due to a decrease in intravascular volume against a disproportion
ate enlargement of the arterial vascular compartment secondary 
to arteriolar vasodilation [6]. Portal hypertension and resultant 
splanchnic arteriolar vasodilation lead to underfilling of the 
arterial vascular compartment. The baroreceptors sense this arte
rial underfilling and stimulate the activity of RAA and SNS and 
increase ADH secretion. Renal sodium and water retention leads 
to the increase in plasma volume [6]. In the status of compensated 
cirrhosis, normalization of circulatory homeostasis suppresses the 
activity of neuroendocrinological system and renal sodium and 
water retention is normalized. However, in decompensated cir
rhosis, splanchnic arteriolar vasodilation further increases and 
then a more intense arterial vascular underfilling ensues [6]. At 
this time, the increased intravascular volume is not enough to 
maintain circulatory homeostasis. Arterial pressure is maintained 
by the persistent stimulation of the RAA, SNS and ADH and the 
activation of these systems perpetuates sodium and water reten
tion, resulting in accumulation of ascites [6]. 

What dilates the peripheral artery is not known. Several 
potential mediators, such as nitric oxide, glucagon, prostacyclin, 
potassium channels, endotoxin and cytokines are considered 
vasodilators [25]. Nitric oxide synthesis by up-regulation of gene 
expression is likely induced in response to shear stress of the 
vascular wall concomitant with portal hypertension and increased 
flow [26-28], and nitric oxide causes vasodilation [29]. However, 
recent studies do not consistently support this hypothesis. Plasma 
glucagon concentration is high in cirrhotic patients and glucagon 
causes vasodilation in pharmacological doses [30]; glucagon likely 
enhances nitric oxide production in cirrhosis [25]. Prostacyclin is 
elevated in cirrhosis. Prostacyclin is a systemic vasodilator and its 
secretion is stimulated by shear stress of the splanchnic arterioles 
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[27,28]. ATP-sensitive potassium channels can cause vasodilation 
due to hyperpolarization of vascular smooth muscle cells. Moreau 
et al [31] found that vasodilation in cirrhotic rats is dependent on 
potassium channels. 

Edema in severe malnutrition. Undernutrition, marasmus (calor
ic deficiency), or marasmus with kwashiorkor (severe-protein 
malnutrition) can occur in the same patient. The development of 
edema formation in this pathophysiology is due to "underfilling 
mechanism" [5]. 

Edema in protein-losing enteropathy. The hypoalbuminemia 
resulting from chronic protein loss gives rise to a contraction of 
extracellular volume, allowing the development of edema due to 
the "underfilling mechanism" [5]. 

Edema in severe burns. In burned tissues, plasma fluid shifts into 
the interstitial space by the burn-induced increase in vascular 
permeability and the consequent extravasation of protein, and 
water and protein accumulate in the interstitial space. Hypopro
teinemia leads to a reduction in oncotic pressure in severe burns, 
and edema formation develops progressively through the under
filling mechanism [5]. 

Edema [ormation due to increased blood volume 

The edema formation secondary to increase in blood volume 
results from heart failure, acute glomerulonephritis, acute and 
chronic renal failure and toxemia of pregnancy. The activity of 
RAA and SNS and ADH secretion are suppressed in increased 
blood volume. 

Edema in heart failure. The relation between cardiac output and 
peripheral arterial vascular resistance, both of which are primary 
determinants of the "fullness" of the arterial vascular system, 
defines the volume-control system [23, 32]. Basically, heart failure 
is characterized by increased blood volume and increased venous 
pressure. There are two types of heart failure, such as low-output 
heart failure (congestive heart failure) and high-output heart 
failure (hyperthyroidism, anemia, beriberi or an ateriovenous 
fistula) [6]. Hormonal and baroreceptor response to both types of 
heart failure is quite similar. The low-output heart failure is 
characterized by reduced cardiac output and increasing filling 
pressures in one or both ventricles. Arterial pressure is main
tained because of an increase in systemic peripheral vascular 
resistance. The hemodynamic characteristics of high-output heart 
failure are increased cardiac output, low systemic vascular resis
tance, arterial hypotension and increased central venous pressure. 

In the development of edema from heart failure, the initial 
event is reduced effective arterial blood volume, in both low
output heart failure and high-output heart failure. This event 
stimulates arterial and ventricular baroreceptor, resulting in acti
vation of SNS and RAA and release of ADH (nonosmotic 
secretion) [6, 23]. The low renal perfusion also stimulates secre
tion of renin from the juxtaglomerular apparatus. Increased 
sodium and water retention leads to edema formation [6, 23]. 

Prostaglandins are important for maintaining the systemic 
hemodynamics in heart failure and increased production of 
prostaglandins in the kidney is important in maintaining renal 
hemodynamics. In congestive heart failure, plasma prostaglandin 
E2 and prostaglandin 12 concentrations are increased [6]. The 
circulating level of ANP is constantly increased in heart failure. 
The enhanced ANP release is a physiological response to coun
teract the expanded extracellular volume and reduce the in
creased afterload of heart failure as a natriuretic factor and a 

vasodilator [6]. However, high level of circulating ANP is not 
capable of exerting natriuresis because of a resistance to the renal 
effects of endogenous ANP in heart failure [6]. The plasma 
concentration of human brain natriuretic peptide is also increased 
in patients with heart failure [6]. 

Edema in acute glomerulonephritis. In acute glomerulonephritis, 
glomerular filtration is reduced by the glomerular capillary ob
struction caused by the immunological injury. The reduced glo
merular filtration results in a fall in the filtered load of sodium and 
water, leading to expanded extracellular volume. The hemody
namic characteristics of this disease are increased blood volume, 
hypertension and normal or increased cardiac output [5, 6]. Blood 
volume expansion increases peripheral capillary filtration by in
creasing arterial and venous pressures [5, 6].The return of filtered 
fluid into venules and via lymphatics is impaired by the high 
venous pressure [5, 6]. The primary event of edema formation in 
acute glomerulonephritis is the increased blood volume. 

Edema in acute and chronic renal failure. The decline of 
glomerular filtration is primarily attributable to edema formation 
in acute and chronic renal failure. An abrupt fall in glomerular 
filtration in acute renal failure causes an accumulation of sodium 
and water, resulting in an increased blood volume, hypertension 
and edema formation. There is also a diffuse increase in periph
eral capillary permeability caused by massive tissue injury [33]. In 
the early stages of chronic renal failure, polyuria and polydypsia 
are evident. The ability to dilute the urine is well preserved and 
urine output does not dminish [34]. Thus, water depletion and 
sodium wasting may ensure in the inadvertent restriction of water 
and sodium intake during the early stages of chronic renal failure. 
Edema formation is uncommon in early chronic renal failure [34]. 
However, with the progressive loss of nephrons, the fall in the 
glomerular filtration of water and sodium becomes evident. Blood 
volume is increased, leading to edema formation and hyperten
sion, especially after an abrupt increase of salt intake [35]. 

Increased capillarypermeability 

Increased capillary permeability usually leads to localized 
edema, less commonly to generalized edema. This pathological 
event often occurs in association with inflammation, allergic 
causes and vasculitis (anaphylactoid purpura, systemic lupus 
erythematosus, dermatomyositis, polyarteritis nodosa, sclero
derma, Kawasaki disease) and is less commonly accompanied by 
increased sodium and water retention [35]. In childhood, anaphy
lactoid purpura is one of the major diseases related to increased 
capillary permeability caused by vasculitis. Edema is usually 
localized around joints. However, generalized edema develops in 
conjunction with low albumin concentration with severe protein
losing enteropathy and nephrotic syndrome. 

Approach to the diagnosis of edema 

The identification of primary diseases as a cause of edema is 
most important. Symptoms and signs should be quickly evaluated. 
Dyspnea, fatigue and a history of cardiac disease are suggestive of 
heart failure. Gallop rhythm, heart murmur, facial edema with 
enlarged jugular veins, pulmonary rales and hepatomegaly are the 
characteristic findings of congestive heart failure. 

Jaundice, ascites, vascular spiders, enlarged vein of the abco
men and abnormalities of liver function with or without hepato
splenomegaly are suggestive of severe liver disease. 

.;
 

Palloi 
indicati-

Othel 
enterop 
allergic 
findings 

The p 
treatmei 
treatmei 
or the c 
amelion 
dance w 
disease. 

Bed r 
states, b 
decreasi: 
augment 
decreasii 
in cardia 
[6]. 

Sodiui 
Restricti 

·sufficienl 
avoiding 
water re: 
tion. The 
the inser 
when dii 
natremia 
and diun 

The fii 
the prim 
hemodyn 
ment of] 

In ede 
acute glo 
bed rest, 
mobilizin 
is minim, 
(2 mg/kg; 
6 weeks) 
nephrotic 
Soon diss: 
excursion 
hypovoler 
infusion 
kilogram 
1 to 2 m 
ascites an 
sian shou 
edema. Ir 
administr 

I
 Poor resp
 
sclerosis, 

I

I 



l 

T
 
I Hisano et al: Edema in childhood S·103 

is not Pallor, macrohematuria, proteinuria and hypoalbuminemia are mglkg/day p.o.) may induce some diuresis. Hypokalemia is a 
ie renal I in,Jicative of acute glomerulonephritis or nephrotic syndrome. known side effect of diuretic administration and serum potassium 
plasma 

creased 

.phritis, 
ary ab
ed glo
umand 
emody
'olume, 
. Blood 
I by in
filtered 
ie high 
ition in 

line of 
mation 
nerular 
sodium 
tension 
periph
[33]. In 
vdypsia 
ed and 
on and 
f water 
failure. 
re [34]. 
in the 
Blood 

oerten

calized 
.logical 
illergic 

lupus 
sclero
lied by 
naphy
reased 
usually 
lops in 
rote in

ema is 
uated. 
.tive of 
a with 
Ire the 

abdo
epato-

Other causes of generalized edema, such as protein-losing 
enteropathy, vasculities, vascular or lymphatic obstruction and 
allergic origins, can be differentiated by the characteristic clinical 
findings and laboratory findings of these diseases. 

Management of edema 

The presence of edema is not always an indication for vigorous 
treatment. Mild edema without symptoms does not need special 
treatment. Edema which gives the edematous patients discomfort 
or the consequential complications induced by edema should be 
ameliorated. The special therapy should be designed in accor
dance with the pathophysiological characteristics of the primary 
disease. 

Supportive management 

Bed rest is of limited value in the treatment of edematous 
states, but is helpful in preventing accumulation of edema and 
decreasing sodium and water retention [35]. Bed rest results in an 
augmentation of blood volume in the central circulation by 
decreasing the peripheral venous pooling and leads to an increase 
in cardiac output, renal and hepatic perfusion and sodium diuresis 
[6]. 

Sodium restriction is usually indicated in the edematous state. 
Restricting salt intake to about 1 to 1.5 mEq/kg!day is generally 
sufficient [35]. This degree of restriction may be achieved by 
avoiding salty foods. In the severe edematous state, adequate 
water restriction is effective in preventing further edema forma
tion. The daily water intake equal to the amount of the urine and 
the insensible water loss is sufficient. To maintain water balance, 
when diuresis occurs water restriction should be avoided. Hypo
natremia, which often occurs as a consequence of salt restriction 
and diuretics administration, should be avoided. 

Medical therapy of edema 

The first principle of therapy in childhood edema is reversing 
the primary diseases. The second principle is to restore the 
hemodynamics and cardiac output, which will lead to improve
ment of hepatic or renal perfusion. 

In edema of renal diseases, such as nephrotic syndrome or 
acute glomerulonephritis, only the supportive treatment, such as 
bed rest and restriction of salt intake and water, may be helpful in 
mobilizing edema. The majority of childhood nephrotic syndrome 
is minimal change nephrotic syndrome [9]. Prednisone treatment 
(2 mg/kg/day for 6 weeks followed by 2 mg/kg every other day for 
6 weeks) provides a good response to childhood minimal change 
nephrotic syndrome and with the response of this agent, edema 
Soon dissipates [9]. When respiratory distress from diaphragmatic 
excursion owing to extensive ascites or the shock caused by 
hypovolemia is evident in patients with nephrotic syndrome, the 
infusion of intravenous sodium-poor albumin to 0.5 to 1 g per 
kilogram body wt slowly over three hours, followed by furosemide 
1 to 2 mg per kg intravenous injection, is helpful in removing 
ascites and preventing hypovolemic shock [9]. The albumin infu
sion should be at this slow rate to prevent precipitating pulmonary 
edema. In minimal change nephrotic syndrome constant diuretics 
administration is not needed. In the nephrotic syndrome with 
poor response to prednisone, that is, focal segmental glomerulo
Sclerosis, diuretics administration (hydrochlorothiazide 0.5 to 2 

should be monitored. In acute glomerulonephritis, hypervolemia 
with pulmonary edema or congestive heart failure or acute severe 
hypertension require treatment with intravenous furosemide (0.5 
to 2 mglkg) and oral or intravenous antihypertensive drugs, such 
as nifedipine (0.25 to 0.5 mg/kg p.o., t.i.d. or q.i.d.) or diazoxide (1 
to 3 mglkg!dose i.v.) [35, 36]. In hypervolemia accompanied by 
acute renal failure, dialysis is required in the absence of early 
return of renal function. In chronic renal failure, severe edema is 
rare until uremia is far advanced. However, an abrupt increase of 
salt intake induces volume expansion and edema formation. 
Diuretics (furosemide, 0.5 to 2 mg/kg/day p.o.) and restriction of 
salt intake lead to diuresis and prevent further edema formation 
[35]. In the state of end-stage renal failure, these adaptive 
responses to change in salt intake become exhausted, and dialysis 
is required. 

In edema of liver cirrhosis, the initial diuretic therapy is 
spironolactone (1 to 3 rug/kg/day p.o.) or triamterene (2 mg!kg! 
day p.o.) because of hyperaldosteronism usually associated with 
cirrhotic edema [6]. The effective dose should be determined by 
monitoring urine sodium and potassium concentrations. When 
renal insufficiency secondary to hypovolemia (diuretics or gastro
intestinal bleeding) is present, intravenous albumin infusion (1 
g/kg given over 3 hr) is required and nephrotoxic drugs should be 
avoided [25]. 

In congestive heart failure, relief of edema is associated with a 
contraction of blood volume and improvement in cardiac hemo
dynamics [35]. Constant diuretic therapy accompanied by salt 
intake and water restriction is necessary for preventing further 
edema formation. Dopamine agonists improve cardiac hemody
namics and renal perfusion, and therefore, the concomitant 
therapy of dopamine agonists and diuretics induces natriuresis in 
refractory cases with congestive heart failure. 

Future therapy 

The gene encoding the water channel protein, aquaporin has 
been cloned and the action of this protein has been delineated. 
Aquaporin 2 is considered to be a new class of specific inhibitors 
of these water channels [37]. It is, therefore, conceivable that in 
the not too distant future, orally administered aquaporin non
apeptide may be available to regulate vasopressin V2 receptor and 
open a new era of treatment of edema using water channel 
inhibition. 
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