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A unifying hypothesis of body fluid volume 
regulation. 
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Many disease states are associated with perturbations 
in sodium and water balance. Thus, an understanding 
of body fluid regulation, as modulated by renal 
sodium and water excretion, has substantial implica- 
tions for the practice of clinical medicine. The 

purpose of this article is to present a unifying hypo- 
thesis of body fluid volume regulation [1-5]. This 

hypothesis presumes the presence of normal intrinsic 
renal function in which extrarenal reflexes influence 

renal sodium and water excretion. Effects of acute or 

chronic renal parenchymal disease in causing sodium 
and water retention will therefore not be considered. 

In normal subjects an increase in sodium and water 

intake is associated with an expansion of extracellular, 
interstitial and plasma volume. The normal response 

to 

this volume expansion is an increase in renal 
sodium 

and water excretion until restoration of normal total 

body sodium and water is achieved. It is the recogni- 
tion of this normal response which has emphasised the 
clinical paradox of continued renal sodium 

and water 

retention which occurs in several clinical disorders in 

spite of expansion of extracellular, interstitial and plas- 
ma volume [1,2]. The study of these oedematous states, 

including cardiac failure, cirrhosis and pregnancy, has 
led to our proposal of a unifying hypothesis of body 
fluid volume regulation [1-5]. 

Cardiac failure 

Earlier studies of cardiac failure led to two divergent 
proposals for the observed renal and water retention 

(Fig. 1). Starling [6] in Great Britain proposed the 
backward theory of cardiac failure in which venous 

congestion increases capillary pressure and causes 
transudation of fluid and electrolytes into the inter- 
stitium with oedema formation and plasma volume 

depletion. The decrease in plasma volume then initi- 
ates renal sodium and water retention. Peters [7], in 
the United States, also favoured this theory of cardiac 
failure and suggested that colloid administration 
would be the preferred treatment for cardiac failure. 
Stead and Ebert [8] challenged the backward theory 

of cardiac failure and proposed the forward theory of 
cardiac failure in which cardiac dysfunction would init- 
iate renal sodium and water retention, resulting in 

plasma volume expansion. These workers therefore 

proposed that venesection should constitute the 

primary treatment of cardiac failure. Until accurate 
measurements of plasma and blood volume were avail- 
able, it was not possible to distinguish between the two 

opposing theories of cardiac failure. Borst [9], from 
the Netherlands, suggested that cardiac output consti- 
tutes the signal whereby renal sodium and water excre- 
tion is regulated; however, subsequent measurements 
demonstrated that several states of sodium and water 

retention, including cirrhosis, high-output cardiac fail- 
ure and pregnancy, were actually associated with 
increases in cardiac output. 
When accurate methods became available to mea- 

sure the volume of fluid in various body fluid compart- 
ments, it became clear that plasma and blood volumes 
were frequently expanded in patients with cardiac fail- 
ure, cirrhosis and pregnancy. Our hypothesis suggests 
that the relative integrity or fullness of the arterial cir- 
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failure [7]. 
Fig. 1. Backward (left) and forward (right) theories of heart 

failure [7]. 
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culation constitutes the primary afferent signal where- 

by the kidneys either increase or decrease their excre- 
tion of sodium and water. As illustrated in Fig. 2, an 
increase in the volume of blood on the venous side of 

the circulation may cause a rise in total blood volume 

even with a decrease in the volume of blood in the 

arterial circulation. This may occur because 85% or 
more of total blood volume has been estimated to be 

on the venous side of the circulation, while only 15% 
of the blood volume resides in the arterial circulation. 

A decrease in cardiac output is the most obvious rea- 

son for a decrease in arterial blood volume. But if this 

were the only afferent signal for underfilling of the 
arterial circulation, a unifying hypothesis of body fluid 
volume regulation would not be possible, given the 

previously cited oedematous disorders which are assoc- 
iated with increased cardiac outputs. A second deter- 

minant of the fullness of the arterial circulation is, 
however, the peripheral arterial vascular resistance and 
the compliance of the arterial vasculature. Peripheral 
arterial vasodilation therefore provides another affer- 
ent signal for arterial underfilling which causes renal 
sodium and water retention. Thus, with our unifying 
scheme of body fluid volume retention, either a 
decrease in cardiac output (Fig. 3) or peripheral arte- 
rial vasodilation (Fig. 4) may constitute the afferent 

signal for arterial underfilling, with the resultant renal 
sodium and water retention leading to expansion of 
total blood volume. 

Fig. 2. Total blood volume may be expanded because of 
venous congestion as arterial underfilling occurs due to either 
decreased cardiac output or arterial vasodilation. 

Fig. 2. Total blood volume may be expanded because of 
venous congestion as arterial underfilling occurs due to either 
decreased cardiac output or arterial vasodilation. 

Fig. 3. Sequence of events in which a decrease in cardiac output initiates renal sodium and water retention [2]. 
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Fig. 3. Sequence of events in which a decrease in cardiac output initiates renal sodium and water retention [2]. 
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Because of the speed of the compensatory efferent 

responses, arterial blood pressure 
is not a sensitive 

index of the presence of arterial underfilling 
in car- 

diac failure or cirrhosis. Rather, it is only with 

advanced disease states that the compensatory 

responses to arterial underfilling become 
insufficient 

to maintain mean arterial pressure. Moreover, even 
if 

sensitive methods for accurately measuring the volume 
of blood in the arterial circulation (generally less than 
2% of total body fluid) were available, the absolute 

measured arterial blood volume could be greater than 

that of normal subjects in spite of relative arterial 

underfilling caused by peripheral arterial vasodilation. 

Figure 5 shows the different afferent signals 
for low- 

output and high-output heart failure. Low-output 
fail- 

ure causes arterial underfilling which is then associat- 
ed with a compensatory increase in peripheral 
vascular resistance. In contrast, with high-output car- 

diac failure, as in beriberi or hyperthyroidism, primary 
peripheral vasodilation occurs and results in a rise in 

cardiac output secondary to afterload reduction. 
There is considerable evidence that the compensatory 

responses to arterial underfilling with low and high 
cardiac output are comparable [1]. 

Figure 6 demonstrates the haemodynamic and 

neurohumoral responses to progressive, low-output 
cardiac failure. It is known that pretreatment hypo- 
natremia correlates with high plasma renin activity 
and indicates a poor prognosis [10]. Similarly, in 

patients in cardiac failure high plasma renin activity 
and plasma norepinephrine in the absence of diuretic 
therapy are harbingers of high mortality [11,12]. 
Tritiated norepinephrine kinetic studies in patients 
with cardiac dysfunction have shown that plasma nore- 
pinephrine levels are raised because of increased 
release rather than decreased norepinephrine clear- 
ance, findings which are compatible with adrenergic 
stimulation [13]. With arterial underfilling secondary 
to cardiac dysfunction, it would be expected that renal 
sodium and water retention could progress and lead to 

pulmonary congestion and peripheral oedema. 
Several receptor sites may sense arterial underfill- 

ing: they include the left ventricle, carotid, aortic arch, 
and renal baroreceptors. With arterial underfilling the 
sympathetic activation of renal beta-adrenergic recep- 
tors stimulates the renin-angiotensin-aldosterone sys- 
tem, and central adrenergic stimulation increases the 
non-osmotic release of vasopressin [1]. Thus, plasma 
aldosterone and vasopressin would be expected to be 
involved in the sodium and water retention of heart 
failure. In this regard, the specific receptor antagonist 
for aldosterone, spironolactone, increases sodium 
excretion in cardiac failure patients (Fig. 7) [14]. That 
aldosterone-mediated sodium retention is a compen- 
satory response to arterial underfilling is supported by 
the finding that the spironolactone-induced natriure- 
sis is associated with further stimulation of plasma 
renin activity and plasma norepinephrine and a 

Activation of 
arterial 

baroreceptors 

Non-osmotic Stimulation of Activation of the 

vasopressin sympathetic - renin-angiotensin- 
stimulation nervous system aldosterone system 

Fig. 4. Sequence of events in which peripheral arterial 
vasodilation initiates renal sodium and water retention [2]. Fig. 4. Sequence of events in which peripheral arterial 
vasodilation initiates renal sodium and water retention [2]. 
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decrease in plasma atrial natriuretic peptide (ANP) 
concentration [14]. 
An increase in plasma ANP is the earliest hormonal 

change in cardiac failure. However, the apparently nor- 
mal plasma concentrations of renin, norepinephrine 
and aldosterone in patients with early cardiac dysfunc- 
tion are actually abnormally high with respect to the 
observed plasma volume expansion, which in control 

subjects would suppress the concentration of these 

plasma hormones. Moreover, plasma ANP also sup- 
presses plasma renin and aldosterone [15]; thus the 
increased plasma ANP may contribute to the 'normal' 

plasma concentrations of these hormones in early heart 
failure. 

Using a sensitive radioimmunoassay, plasma vaso- 

pressin has been shown to be increased relative to the 
decreased plasma osmolality in patients with cardiac 
failure [16]. Moreover, a V2 antidiuretic antagonist for 

vasopressin can completely reverse the abnormal water 
excretion in rats with acutely diminished cardiac out- 

puts [17]. 
The arterial underfilling hypothesis also provides a 

potential explanation for: (1) the failure of such 

patients to escape from the sodium retaining effect of 

aldosterone, and (2) resistance to the natriuretic and 

diuretic responses to exogenous ANP. Arterial under- 

filling occurring secondary to either a decrease in car- 
diac output or peripheral arterial vasodilation activates 
mediators which decrease filtered sodium load and 

increase proximal tubule sodium reabsorption; togeth- 
er these effects diminish distal sodium delivery to the 

collecting duct site of action of aldosterone and ANP 

(Fig. 8). It is therefore proposed that diminished distal 
sodium delivery accounts for the ANP resistance [18] 
and impaired aldosterone escape which characterise 
heart failure [1,2]. ANP receptor down-regulation or 
ANP inactivation by increased neutral endopeptidase 
activity in the proximal tubule do not seem to account 
for ANP resistance in heart failure, since a linear cor- 
relation between plasma ANP and its secondary mes- 

senger, urinary cGMP, has been found in cardiac fail- 
ure patients [19]. Studies in rats with experimental 
heart failure have also demonstrated that renal denerv- 

ation reverses the resistance to ANP [20] (Fig. 9). 
Since proximal sodium reabsorption is enhanced by 
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Fig. 6. Neurohumoral and plasma volume responses to pro- 
gressive cardiac failure. New York Heart Classification II, 
III and IV [3]. AVP = arginine vasopressin; NE = nor- 

epinephrine. 
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Fig. 6. Neurohumoral and plasma volume responses to pro- 
gressive cardiac failure. New York Heart Classification II, 
III and IV [3]. AVP = arginine vasopressin; NE = nor- 

epinephrine. 
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adrenergic stimulation, the effect of renal denervation 
to enhance ANP sensitivity in cardiac failure is also 

compatible with a role of distal sodium delivery. 
The compensatory responses to arterial underfilling 

can become maladaptive in advanced cardiac failure 
(Fig. 10). Since effective cardiac inotropic agents are 
not readily available for clinical practice, small doses of 
angiotensin converting enzyme (ACE) inhibitors have 
been used to reduce cardiac afterload and thereby shift 
the cardiac output to a more beneficial part of the 

Frank-Starling curve. The CONSENSUS study has 
shown that in class IV cardiac failure patients (New York 
Heart Association classification) with the highest plas- 
ma concentrations of angiotensin II, norepinephrine, 
aldosterone and ANP, administration of the ACE 
inhibitor, enalapril, improves six-month survival [21] 
(Fig. 11). More recent studies in patients with less 
severe heart failure have also shown a benefit from ACE 
inhibition [22]. But if the dose of ACE inhibitor is too 

large, diminished vascular resistance may decrease 
blood pressure and obscure any improvement in 
cardiac function. 

Cirrhosis 

As with heart failure, two theories for sodium and 
water retention have been proposed: the 'underfilling 
hypothesis', in which plasma volume is thought to be 
decreased, and the 'overfill hypothesis', in which it is 
thought to be expanded (Fig. 12). With the classical 
'underfilling hypothesis', ascites formation secondary 
to portal hypertension is believed to decrease plasma 
volume and cause secondary renal sodium and water 
retention [23]. Since plasma volume expansion ante- 

(a) 

Day 

Fig. 7. Reversal of Na+ retention in congestive heart failure 
patients by aldosterone antagonism. Net positive cumula- 
tive Na"^ balance by day for the periods before 

spironolactone (top panel) and net negative cumula- 
tive Na+ balance after the initiation of spironolactone 
400 mg/d (bottom panel). The increase in Na+ excre- 
tion with spironolactone was significant (/kO.OI) [14]. 

Fig. 7. Reversal of Na+ retention in congestive heart failure 
patients by aldosterone antagonism. Net positive cumula- 
tive Na^ balance by day for the periods before 

spironolactone (top panel) and net negative cumula- 
tive Na+ balance after the initiation of spironolactone 
400 mg/d (bottom panel). The increase in Na+ excre- 
tion with spironolactone was significant (/kO.OI) [14]. 
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Fig. 8. A decrease in cardiac 
output or peripheral arterial 
vasodilation can initiate 
events which diminish distal 
sodium delivery, thereby 
impairing aldosterone escape 
and causing resistance to the 
natriuretic response to atrial 
natriuretic peptide (ANP) 
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cedes ascites formation [24], the 'underfilling hypoth- 
esis' no longer seems tenable. Thus primary renal 
sodium and water retention, secondary to a hepato- 
renal reflex, has been proposed to lead to plasma 
volume expansion (both venous and arterial compart- 
ments) and cause overflow ascites in cirrhotic patients 
[24]. This 'overflow hypothesis' does not, however, 
explain the progressive stimulation of the neuro- 
humoral profile which is observed in cirrhotic patients 
and is characteristic of arterial underfilling [1-4]. 

Since neither the 'underfilling' nor the 'overflow' 

hypothesis can adequately explain the spectrum of 
clinical states associated with cirrhosis, the 'peripheral 
arterial vasodilation hypothesis' has been proposed 
[4] (Fig. 13). With this hypothesis splanchnic vasodila- 
tion occurs early in cirrhosis and the resultant arterial 

underfilling stimulates sodium and water retention 
with plasma volume expansion prior to ascites forma- 
tion. The normal plasma hormone concentrations in 
these compensated cirrhotic patients are relatively 
high for the degree of plasma volume expansion. The 
mediators of the early splanchnic vasodilation in cir- 
rhosis are unknown but may include the opening of 

existing shunts, activation of vasodilating hormones, 
and ultimately the development of collateral vessels. As 
cirrhosis progresses, vasodilation occurs at other sites, 

including the skin, muscle and lung. As with cardiac 
failure, pretreatment hyponatraemia and high plasma 
concentrations of renin, norepinephrine and aldo- 

sterone bode a poor prognosis for the cirrhotic patient 
[4]. The highest plasma concentrations of these hor- 
mones and the lowest blood pressures occur as the 

decompensated cirrhotic patient with ascites progres- 
ses toward the hepatorenal syndrome. 
The major detraction from the peripheral arterial 

vasodilation hypothesis is the finding that some 

compensated cirrhotic patients exhibit a low plasma 
renin activity and a greater natriuresis than normal 

subjects in the supine position [25] and with head-out 
water immersion (HWI) [26]. These findings can, 
however, be explained by centralisation of excessive 

splanchnic fluid in cirrhotic patients in the supine 
position or HWI. In this regard, the compensated cir- 
rhotic patients who respond to HWI with an exaggerat- 
ed natriuresis were those with the highest plasma ANP 
concentrations [26]. Moreover, compensated cirrhotic 

patients with low plasma renin activity in the supine 
position demonstrate normal or increased plasma 
renin activity in the upright position [Bernardi, per- 
sonal communication]. 

As with other states of arterial underfilling, the 
neurohumoral responses to the peripheral arterial 
vasodilation of cirrhosis, such as the impaired aldos- 
terone escape [27] and resistance to ANP [28], are 
associated with factors which diminish distal sodium 
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ANP dose (fig/kg/min) 

Fig. 9. Effect of renal denervation (denerv) to reverse ANP 
resistance in experimental cardiac heart failure (CHF) [20]. 
Fig. 9. Effect of renal denervation (denerv) to reverse ANP 
resistance in experimental cardiac heart failure (CHF) [20]. 
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delivery [27] (Fig. 8). As with experimental heart fail- 
ure, renal denervation reverses the resistance to ANP 

in experimental cirrhosis [29] (Fig. 14). This finding 
supports a role for diminished distal sodium delivery 
in ANP resistance, particularly since Skorecki et al [28] 
have demonstrated a normal increase in urinary 
cGMP but no natriuresis in some cirrhotic patients 
infused with ANP. 
The Barcelona group recently studied aldosterone 

escape in compensated cirrhotic patients without 
ascites [30]. They found that lower peripheral vascular 
resistances were present in those patients with 

impaired mineralocorticoid escape, but found no dif- 
ference in liver enzymes, serum albumin, electrolytes, 
creatinine, and blood urea nitrogen levels between 
cirrhotic patients who escaped versus those who did 
not escape from the sodium retaining effect of 
mineralocorticoid hormone; nor were there differ- 
ences in the hepatic venous pressure gradients 
between the two groups. Taken together, these find- 
ings do not support increased intrahepatic pressure as 
the primary determinant of sodium and water reten- 

tion in cirrhosis [31], but do support the peripheral 
arterial vasodilation hypothesis [4]. 
The role of peripheral arterial vasodilation has been 

studied in decompensated cirrhotic patients with and 
without exogenous norepinephrine and HWI [32]. 
This combined manoeuvre acutely normalised renal 
sodium and water excretion in these ascitic patients. 
There was a statistically high correlation between the 
diuretic response and the increment in peripheral vas- 
cular resistance in these studies (Fig. 15), providing 
further support for the peripheral arterial vasodilation 
hypothesis. On this pathogenetic background, poten- 
tial treatment strategies can be devised to decrease the 
morbidity and mortality in cirrhosis; one such theoreti- 
cal strategy is shown in Fig. 16 [3]. 

Pregnancy 

Pregnancy is associated with dramatic haemodynamic 
and humoral changes. Among them are a 30-50% 
increase in total plasma, blood and extracellular fluid 
volume, accompanied by a 30-50% increase in cardiac 
output, renal blood flow, and glomerular filtration 
rate. It has been suggested that the plasma volume 
expansion may account for the increase in renal 
haemodynamics; however, the rise in cardiac output, 
glomerular filtration rate and renal blood flow ante- 
cedes the plasma volume expansion in pregnancy [33] 
(Fig. 17). Another enigma of pregnancy is the stimula- 
tion of the renin-angiotensin-aldosterone system, a 
hormonal index of arterial underfilling. In non-preg- 
nant individuals a 30-50% expansion of plasma vol- 
ume would suppress the renin-angiotensin-aldosterone 
system. 
There are also other characteristics of pregnancy 

that are not compatible with primary renal sodium 
and water retention leading to expansion of plasma 
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??? Cirrhotic + renal denerv 
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5 ANP (|j.g/kg/min) 

Fig. 14. Effect of renal denervation (denerv) to reverse resis- 
tance to the natriuretic response to ANP [29]. 
Fig. 14. Effect of renal denervation (denerv) to reverse resis- 
tance to the natriuretic response to ANP [29]. 
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Fig. 15. Correlation between the increase in systemic vascular 
resistance (SVR) and increase in water load excretion from 
immersion alone (HWI) to immersion with norepinephrine 
infusion (HWI + NE); r= 0.97, p<0.01 [32]. 

Fig. 15. Correlation betiueen the increase in systemic vascular 
resistance (SVR) and increase in ivater load excretion from 
immersion alone (HWI) to immersion with norepinephrine 
infusion (HWI+NE); r= 0.97, /<0.01 [32]. 
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and extracellular fluid volume. We have recently pro- 
posed that primary peripheral arterial vasodilation is 

the major initiating factor in pregnancy to cause arteri- 
al underfilling and the resultant compensatory 
responses [5]. For example, in the first trimester of 
normal pregnancy blood pressure 

falls as cardiac out- 

put rises in association with a primary decrease in 

peripheral vascular resistance. In contrast, primary vol- 
ume expansion with an increase in cardiac output and 
a secondary peripheral vasodilation would not explain 
the decrease in blood pressure which occurs during 
the first trimester of pregnancy. Moreover, primary 

peripheral arterial vasodilation is associated with stim- 
ulation of the renin-angiotensin-aldosterone system 
(Fig. 4), a normal occurrence in pregnancy [1]. 
The most compatible explanation for the decrease 

in plasma sodium and osmolality which occurs in preg- 
nancy is peripheral vasodilation and arterial underfill- 
ing. The increase in thirst and water intake that occurs 
in the first trimester of pregnancy [34] is another 
effect most compatible with arterial underfilling due 
to peripheral arterial vasodilation. 

If the plasma volume expansion of pregnancy 
involves both the venous and arterial circulatory com- 

partments, the blood volume threshold (ml/kg body 
weight) for the non-osmotic release of vasopressin dur- 

ing volume depletion should approximate that of the 

non-pregnant state. It has, however, been shown in the 
rat that the non-osmotic stimulation of vasopressin in 

pregnancy occurs at a blood volume which is 40% 

greater than in the non-pregnant state [35] (Fig. 18). 
Moreover, the expected blunting of the tubulo- 
glomerular feedback with volume expansion in the rat 
also does not occur in pregnancy [36], Either an 

angiotensin antagonist or an angiotensin converting 
enzyme inhibition [37] lowers blood pressure more in 
the pregnant than the non-pregnant rat [37], Taken 

together, these findings are best explained by primary 
peripheral arterial vasodilation causing arterial under- 
filling, with secondary stimulation of the renin- 
angiotensin-aldosterone system. Hormonal and 
haemodynamic measurements in the pregnant 
baboon support this hypothesis [38]. 

In the absence of pre-eclampsia/eclampsia the 
sodium and water retention in pregnancy is not of the 
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Fig. 17. In pregnant women glomerular filtration rate (GFR) 
rises before plasma volume expansion occurs [33]. 
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Fig. 17. In pregnant women glomerular filtration rate (GFR) 
rises before plasma volume expansion occurs [33]. 
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degree observed with other states of arterial underfill- 
ing, such as cardiac failure and cirrhosis, nor is there 
good evidence of impaired mineralocorticoid escape 
with normal pregnancy. The capacity to handle salt 
and water normally in pregnancy in spite of arterial 

underfilling most likely relates to the 30-50% increase 
in glomerular filtration rate and thus filtered sodium 
and water. Support for this interpretation comes from 
the observation that the more avid sodium and water 
retention occurs during pre-eclampsia/eclampsia, a 

state associated with a fall in glomerular filtration rate 
to non-pregnant levels. 

It remains a major challenge to identify the 
factor(s) that mediate(s) the enhanced renal blood 
flow and glomerular filtration rate during pregnancy. 
Renal vasodilation not only antedates the blood vol- 
ume expansion of pregnancy but also occurs in spite 
of peripheral arterial vasodilation, an event generally 
associated with reflex renal vasoconstriction. There is 

indirect evidence that the source of this potent renal 

Total blood volume (ml/100 g non-conceptus body wt) 

Fig. 18. The rise in plasma 
AVP in response to hypo- 
volemia occurs at a larger 
total blood volume in preg- 
nant rats than in nonpreg- 
nant rats [35]. 

Fig. 18. The rise in plasma 
AVP in response to hypo- 
volemia occurs at a larger 
total blood volume in preg- 
nant rats than in nonpreg- 
nant rats [35], 

Fig. 19. Pathophysiologic schema for pre-eclampsia and eclampsia [5]. Fig. 19. Pathophysiologic schema for pre-eclampsia and eclampsia [5]. 
I 
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vasodilation of pregnancy may be the endothelium, 

since the fall in renal haemodynamics in pre-eclamp- 
sia/eclampsia is associated with glomerular capillary 
abnormalities known as glomerular endotheliosis. 
While a fall in vasodilating prostaglandins may be 
involved in pre-eclampsia/eclampsia, there is consider- 
able experimental evidence that these hormones can- 
not be the sole mediator of the enhanced renal 

haemodynamics of normal pregnancy. Specifically, 
inhibition of prostaglandin synthesis does not reverse 
the high glomerular filtration rate and renal 

blood 

flow in the pregnant rat [39]. The results 
of the 

administration of antagonists of endothelium derived 

relaxing factor (EDRF) in the pregnant rat did 
not 

support a role for EDRF as the mediator 
of the sys- 

temic renal vasodilation of pregnancy [40]. Neverthe- 

less, the increased circulating cGMP, the second mes- 

senger of EDRF, observed in pregnant 
rats is 

compatible with this mechanism [41]. The discovery 
of the nature of the systemic and renal vasodilator(s) 
of pregnancy could have important implications 

for 

the treatment of not only pre-eclampsia/eclampsia but 
also states of acute and chronic renal failure. 

In summary, the understanding of the physiology 
of 

normal pregnancy in the context 
of our unifying 

hypothesis of body fluid volume regulation provides 
potential insights for the pre-eclampsia/eclampsia 
state. Figure 19 shows a suggestion for the pathogene- 
sis of the pre-eclampsia/eclampsia state which is initi- 
ated by endothelial damage [5]. The hallmarks 

of pre- 

eclampsia/eclampsia, including the observed 

increased sensitivity to angiotensin, fall in glomerular 
filtration rate and renal blood flow, hypertension, 
oedema and proteinuria, can be explained by this 

hypothesis. 
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