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Introduction: 

Various forms of d e hydration are amo ng the mos t corruno n clinical dis
turbance states seen in hospita l prac tice . 'l'he t e rm dehy dra tion literally 
means total body los s of water witho ut solute. Patients with true dehydra
tion (los s of pure 1~aterl are r e latively rare in that most volume d epletion 
states are a ssociated with a conill ined loss of salt and water . Thus , it i s 
common in clinical practice to refe r to d e hydration as any state where the 
patient is i n a negative salt and water balance state; however, this l atter 
definition, unless qualified , might be pathophysiologically confus ing and 
might lead to therapeutic ·misadventure s. Thus , before meaningful therapy 
for volume depletion states can be instituted, it is important to under
stand the underlying causes which led to the volume depletion state. It , 
therefore , is necessary to etiologically classify the various causes of 
vo l ume depletion in terms of the relative quantities of total body salt 
and water deficits. Three basic categories can be constructed by this 
approach: l ) true dehydration (hype rnatremic dehydration) which is loss 
of water without e l ectrolytes; 2) primary salt depletion (hyponatremic 
"dehydration") which is primary loss of salt in excess of water; and 3) 
mixed " dehydration " (isotonic " dehydration") which is loss of water with 
isotonic q uan t ities of so l ute. Before considering the various clinical 
a s pects of the volwne depletion states , it is instructive to consider the 
regu l atory forces which govern the quantities of sa l t and wate r either 
gained or lost from the body stores. 

Vo lume of Various Body Fluid Compartments: 

The total body water of a normal adult. remains rema.·kab l y stable from 
day to day despite large variations in fluid intake and environmental fac
tors . The total body water with respect to total body weight does vary 
be t ween different individuals, though it is maintained within a narrow range 
i n a given i ndividual. Since adipose tissue is l ow in water content , the 
var iabi l ity in tota l body water content with respect to total body weight 
among a group of patients is large l y a function of the amount of adipose 
t issue. The total body water varies between 50-70% of body weight. Females , 
in contrast to males, tend to have a somewhat lower percentage of tota l 
body water. 

'\ 

INTRACEL LU LAR WATER (2/, ) EXTRACELLULAR WATER ('/, ) T '"'(;4;t' Plolmo 

( Y., ) 

! 10. No 140 

I I 
160 K 4 

I I 
35 MQ 1 

I I 
:!:2 Cl 100 

I I 
:!:8 Hco, 25 

I I 
140 P04 4 

Fig. 1: Total body water ( 50-70% of body weight ), 
Modified from Pitts , R.F. : The Physiological Basis 
of Diuretic Therapy (Charles c. Thoma~ , publisher, 
1959 ) . 
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The total body water is distributed among two main compartments 
(Figure 1): 1) intracellular compartment; ICF, (isotonic fluid with high 
K+, high Mg++, low Na+ and low Cl- concentration); and 2) extracellular 
compartment, ECF, (i sotonic fluid with low K+ , low Mg++, high Na+ and high 
cl- concentration). The intrace llular water constitute s approximate ly 2/3 
of the total body water while extraceliular water makes up the remaining 
1/3. · In addition, there is a small transcellular fluid compartment (CSF, 
intraoccular, pleural , peritoneal and synovial fluids) which makes up 2-5% 
of the total body water. The ECF in turn is composed of interstitial 
water (approximately 3/4 of ECF), and plasma water (approximately 1/4 of 
ECF). 

Constancy of the total body water content is a function of thirst 
center-pituitary-renal axis. 

Thirst Regulation: 

Intake of physiologically necessary amounts of water is dependent on 
normal receptor system for thirs t. The thirst centers are located princi
pally in the ventromedial and anterior areas of the hypothalamus (1-3) . A 
number of stimuli for thirst center have been identified: hypertonicity, 
decrease in effective circulating volume, __ systemic or local heating of 
hypothalamic centers, cholinergic agents, serum concentration of angiotensin 
II, hypercalcemia, hypokalemia and vaguely defined cortical centers of con
sciousness. Of this : .. ultifacetE!d regulatory stimuli, serum osmolality and 
effective circulatory volume are undoubtedly the most important in the 
normal regulation of thirst. 'l'hough dehydration normally is associated 
wlth a decrease in volume and a proportionate increase in os molality, there 
is evidence to support the conclusion that cellular dehydration and hypo
volemia are independent and additive (4). Respective decreases of 1··2% in 
osmolality will stimulate thirst. 'l'he additive nature of these stimuli 
suggests these signals are somehow integrated in an additive way before 
the final common pathway for drinking is effected (4). 

Osmolal Regulation: 

Antidiure~ic hormone secretion - Assumming normal intake of water and 
salt, the effective total solute concentration and the effective circula
tion volume is in large part under the control of the antidiuretic hormone
renal axis. Thus the _serum concentration of sodium is regulated in part 
by this axis while the total volume of ECF is regulated by the quantity 
of NaCl. There are o't:her factors which contribute to the regulation of 
sodium concentration, but these are beyond the scope of the present pre
sentation. 

The ADI-1-renal axis maintains the total solute concentration within a 
narrow limit of 275-290 mOsm/L. Concentrations above this are referred 
to as hyperosmolal, while concentrations below this are referred to as hypo
osmolal. The secretory rate of ADH is under control of at least three 
factors: serum osmolality, effective circulation volume; and various neural 
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Pig. 2: Countercurrent multiplication system in which all inner medullary 
structures function as purely passive equilibrating segments without active 
transport processes. ~ 
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reflex me chanisms . Of these the serum osmolality and effec tive circulation 
volume are the mos t important. Previous bioassay t echniques (5 - 16 ) and 
more r ecent r adioinununoassay techniques (17- 21) for ADH have c l early i ndi 
cated that ADH secretion is increased in physiologically s i gnificant amounts 
in r esponse to just one percent increase in serum osmolal ity. On the other 
hand, ADH is also under the important control of circulation volume. Small 
percent decrease in circulation volume by acute hemorrhagic hypotension 
are also a ssociated with immediate r e l ease of ADH . At the time of writing 
of this paper , it is not -clear which of these two factors in humans have 
primacy over the other . In the rat, it ·appear s that proportionately 
smaller change s in osmolality illicit larger changes in ADH secretory rates 
than do changes in volume (21). 

Wate r regulat ion by the kidney - Recent experimental evidence has 
allowed us to formulate a sch eme by which renal handling of salt, urea and 
water can be explained by. It is now generally accepted that the excretion 
of more water th a n salt (free water excretion) is the consequence of active 
chloride trans port in a water impermeant thic k as c e nding limb of Hen l e (2 2), 
Figure 2 (23). This hypotonic fluid will be excre t ed out of the body in 
absence of ADH. Thus, under hypotonic circumstances (conditions which in
hibit the release of ADH) hypoton i c urine is forme d r esulting in greater 
proportional excretion of water than salt. The result of this sequence 
of events would b e a subsequent rise in serum o s molality until ADH is again 
stimulated . 

On the other hand, it also is now universally acce1->ted that the f o r
mation of hypertonic urine is the consequence of the osmotic equilibration 
of collecting duct fluid with h ypertonic medullary inters titium. This 
osmotic equilibration occurs as the r esult of ADH, Figure 3 (24). The 
cellular mechanisms of ADH action are depicted in Figure 4 (25). 

WITHOUT AD~ WITH ADH 

Fig. 3: Pathways of osmotically induced 1~ater movement 
in collecting t~ules (Modified from reference 24 ). 
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The thick ascending limb of Henle (22) and the distal convoluted tubule (26) 
are not water permeable either in the absence or presence of ADH. However , 
as intratubular fluid reaches both the cortical (26-28) and medullary col
lecting ducts (28 , 29), it does become permeable to water only in the pres-
ence o'f ADH. The result of these events would be excreti on of more solute 
than water (via excretion of hypertonic urine). This sequence would lead 
to a commensura1:e increase in free water reabsorption l eading to a decrease 
in serum osmolality. 

Classification of Volume Depletion States: 

It is important to 
volume depletion states 
pathogenesis, different 
Table I. 

develot a working classification 
since the various conditions may 
clinical picture and a different 

True dehydration (loss of water in excess of salt): 

of the various 
have different 
specific treatment, 

This clinical setting is characterized by a los s of water in ex
cess of salt resulting in an increase in the effect ive osmolality of the 
intracellular fluids. Since sodium is the principal osmotic constituent 
of ECF, the hallmark of this physiologic disturbance is hype rnatremia 
(sodium concentration greater than 148 mEq/1;.). Though many ,clinical con
ditions are associated with hypernatremic dehydration, it is unusual to 



TABLE I 

TYPES OF FLUID DEPLETION STATES 

I. · True Dehydration (Hypernatremic Dehydration) 

A. Renal Causes 
1. Osmotic diuresis 

a, glycosurea 
b. tube feeding 

2. Neurohypophyseal diabetes insipidus 
3, Nephrogenic diabetes insipidus 

a. congenital: sex linked dominant in males 

B. Non 
l. 
2. 
3. 
4. 

b. acquired: hypokalemia; hypercalcemia; declomycin; 
penthrane; lithium 

Renal Causes 
Decreased intake of water 
Osmotic diarrhea 
Sweating 
Burns . 

II. Primary Salt Depletion (Hyponatremic "Dehydration") 

A. Salt Wasting Renal Disease 

B. Addison's Disease 
J 

c. Diuretics Coupled With Stringent Limitation Of Salt 

D. Losses Of Total Body Fluids Coupled With Volume Repletion 
With Pure Water 

III. Mixed "Dehydration" (Isotonic Dehydration) 

Most GIT And Excessive Related Los ses Of Fluids With 
Isotonic Replacement 

c' 
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have just pure loss of water from ECF, but rather, there i s a combination 
of both salt and water loss. Under these circumstances, the deficit of 
water with respect to sodium will be proportionate ly greater. One of the 
important clinical distinctions to make with r espect to the genesis of 
hypernatremic dehydration is to determine whether the relative water defi
cit has arisen in spite of normal r enal conservation of salt and wa ter o r 
as a consequence of failure of normal r ena l conservation of sa l t and water. 
Urine osmolality, sodium and chloride concentration greatly help the clini
cian in distinquishing between the two different primary etiologies. 

Renal causes of true dehydration: 

Osmotic diuresis - Osmotic diuresis refers to the state 
where large quanti ties of poo:r·ly reabsorbable solute s are filtered which 
in turn causes excessive excretion of salt and water (30). In osmotic 
(solute) diuresis there is a disproportionately greater los s of water than 
salt. Significant osmotic diures i s with resultant hypernatremia i s not 
an uncommon association with diabetic ketoacidosis with glycosurea or with 
tube feeding with solute diuresis (31-36). 

The basic mechanism by which hype rnatr emia is developed in the two 
above-Inentioned states with osmotic diuresis is the sa~ne. In each case , 
large quantities of filtrate with high concentration of non-reabsorbable 
solutes are delivered to the distal tubule from the proximal tubule. Thus , 
as the fluid courses through the thick ascending limb an<'! salt is reab
sorbed to the limiting osmotic gradient as a consequence of active ch loride 
pump (22), then fluid is generated with a relatively low salt concentration 
and a relatively high concentration of poorly penetrating solutes. It is 
for these reasons then that for any given rate of osmotic clearance, that 
proportionately greater quantities of water are obligated to the poorly 
penetrating solutes than would be under normal circumstances. It is this 
combination of events which leads to a disparity in the excretion rates 
of water with respect to salt and it is these events which contribute to 
the genesis of hypernatremia. 

Diabe tes Insipidus (neur~Jhyseal or vasopressin sensi
tive DI) - This fonn of diabetes insipidus results from a failure of the 
posterior pituitary to release adequate amounts of ADH in r espons e to 
normal stimuli. At least two modes of inheritances exist for this type 
of DI. Pedigree characteristic of anatomical dominant and x-linked re
cessive inheritance have been described (37). In addition, various intra
cranial diseases (trauma, cancer, infections, vascular insults) have been 
responsible for vasopressin sensitive DI. Whatever the cause, a de
creased concentration of circulating ADH will lead to decreased back 
diffusion of water from the collecting duct to the hypertonic me dullary 
interstitium. Thus, this syndrome will be characterized by production of 
large quantities of inappropriately dilute urine. Urine unde r most cir
cumstances will have a specific gravity of less than 1005 and an osmolality 
of less than 200 mOsm/L. The increased free water clearance invariably 
leads to hypernatremic dehydration unless treatment intervenes the natural 
history of the disease. 
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It is not the purpose of this presentation to consider the differen
tial diagnosis of vasopressin sensitive DI from other polyuric states ; 
however, it should be emphasized that various other polyuric states (most 
notably psychogenic polydypsia and vasopressin-resistent diabetes insipidus) 
may simulate neurohypophyseal DI. Probably the most sensitive test sti ll 
is a careful restriction of water coupled with urine osmolality and blood 
ADH measurements. It must be remembered, however, that in true neurohypo
physeal DI the patient can become rapidly volume depleted and the test 
should be terminated as soon as the patient has lost 3 percent of his or 
her body weight. 

Nephrogenic Diabetes Insipidus (vasopressin-residual DI) -
Nephrogenic DI may be either congenital or acquired , Table I. The congeni
tal DI is h rare hereditary disorder in which the cortical and medullary 
collecting ducts are completely insensitive to ADH in the hemizygote patients . 
Varying degre~s of sensitivity of the collecting duct to ADH remains in 
the heterozygous state. The gene tics. are not completely understood but 
with increasing number of femal e patients v1hich are being reported , it ap
pears that the original contention that this disease occurred solely in 
males as a sex-linked recessive disorder must be erroneou s . A review of 
many of the l arge pedigrees now. would suggest that the disease is a dominant 
sex-linked disorder with variable expressivity in heterozygous female 
ca~:riers (38). 

A great number of etiologies for acquired .form of nephrogenic DI have 
been described , Table I. Of these, hypokalemia, hype rcalcemia , and increased 
lithium levels a 1:e the best understood. In each ca ~· , . [+K+ (39), tea++ (40), 
or +Li+ (41, 42) ) there is a defect in the normal ad <'.fy l cyclase generation 
in response to ADH, F'igure 4. Thus the collecting duc t does not form 
cyclic AI1P (common mediator of increased water permeability) and , there
fore, the collecting duct does not increase its water permeability even 
though there are adequate quantities of circulatory ADH. In addition, 
lithium-induced diabetes insipidus results in part from interference with 
mediation of ADH distal at a step distal to the formation of cAMP (4 3) . 
The constellation of events can l ead to clinical picture which is identi-
c a l to either neurohypophyseal or congenital nephrogenic DI. •rreatment 
of course would be different and would be focused on correction of the 
underlying electrolyte disturbance or discontinuance of the offending drug. 

Non-renal causes: 

Decreased water intake - The etiology of hypernatremia de
hydration with decreased intake of water i s self explanatory . Because of 
the norma l thirst stimuli, volume deplet:i_on se·condary to decreased intake 
i s exceedingly rare unless the patients are unconscious or who for other 
reasons are unable to communicate or to alleviate their water requirements. 

Osmotic diarrhea - Osmotic diarrhea, like osmotic diuresis, 
by d efinition is disproportionately greater loss of water with respect to 
loss of sodium. Similarly, the underlying mechanism by which the dispro
portionately greater water loss occurs in osmotic diarrhea is the same as 
.in osmotic diuresis. The ileum and colon normally are able to_re~Jsorb 
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sodium aga inst large concentration gradients . Howeve r, und e r normal physio
l ogical conditions the salt transport is accomp~ni ed by isosmotic compleme nt 
of water . On the other hand, the prese nce of non absorbable so lutes i n os
motic diarrhea r e t ards water efflux due to osmotic forces. Thus , l arge 
volume s of stool s are excre t ed v1hich contain relatively lm~ concentration 
of sodium. The n e t effect of these events is the development of volume 
d ep l e .tion with h ype rna tremia . 

Clinica lly osmotic diarrhea most commonly occurs und e r two circum
stances (4 4 ): 1) ingestion of l a rge quantities of laxatives and 2) mal
digestion o f ingested food, Th e diagnosis o f this form of diarrhea i s · 
establ ished if the osmolality of stool wate r is lower than p l asma and if 
the diarrhea s tops with total fasting (44). 

S1·1eating - The d e tail ed studies of Ahlman e t al. (45) u s ing 
subjects in various conditional states have indicate d tha t sweat is a l ways 
hypotoni c with a sweat concentration of sodium a r ound 60 mEq/L; chloride 
approximately 50 mEq/L and potassium about 10 mEq/L. The sweat sodium 
concentration i s somewhat lower in we ll-conditioned men as contrasted to 
less conditioned me n, A number of other studies have indicated tha t sweat
ing is a form of hypotonic fluid loss which can lead to hyponatremic de
hydration. 

Most of the clinical conditions in which sweating occurs also a re 
conditions which have a ssociated hype rventila tion. It i s now well appre
ciated that hyperventilation may contribute in part to dehydration. 'l'he 
bas ic physiological factor why an individual looses water with respira
tion is tha t vapor pressure of the inspired ai r tends to equilibrate with
in lungs prior to expiration, Quantitatively the loss of water by this 
mech a nism i s much more significant in dry climates than in humid climates , 
but in .eithe r case, much more s i gnificant quantities of water are los t by 
sweating than by hyperventila tion. 

The degree of hypernatremic dehyration often i s quite severe. A number 
of deaths h a ve been reported in participants of various s porting events 
(especially football) where the c a use of death can be at tribute d to sever e 
hypernatremia and failure to follow adequate r ep l e tion regimes (46). 

Burns - It is now well established that burns produce a 
rapid outpouring of f1uid as a consequence of increased permeability of 
the capillaries. The outpouring of this plasma-like (similar concentra
tion of electrolytes ~s in plasma) f luid is maxima l in t h e initia l s ix 
to eight hours but it continued up to 48 hours . If thi s were the o nly 
mechanis m of ·fluid los s in the body , then it would simply repr esent i so
tonic contraction of the e ffect ive circulating volume . Howeve r, an e qual ly 
seriou s l oss of fluid in burn ed patients occurs secondary to e vaporation 
of wa t er from the burned areas (47-53). 

The rate of e vaporation of fluid from full-thickness burns is a func
tion of the htun.id.ity and t emperature of the ambient atmosphere. Up to 
six liters of.fluid/24 hours ccan b e l ost by vaporization from a patient 
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with 50% body burns (48, 50). Maximal losses of fluid by vaporization 
occur bet\veen fifth and tenth day after burn s . In a net balance the r e i s 
a greater loss of water than salt in burned patients, but the degree of 
resultant hypernatremia would be a function of the nature of fluid repletion. 

Hyponatremic Dehydration: 

Hyponatremia with contracted extracellular fluid volume results 
from absolute body losses of sodium which are in excess to losses of water. 

Salt-wasting nephritis: 

Salt-wasting nephritis is a poorly understood disorder. It 
does not, contrary to many centers, refer to a state with increased frac
tional loss of salt. All patients with chronic uremia have a n increased 
fractional excretion of salt, the TIIagnitude Of which is dependent On the 
intake of salt. However, an overwhelming percentage of patients with 
chronic renal disease are able to regulate their sodium excretion rate and 
remain in balance. In true salt-lvasting nephritis, the patients, by defi
nition,-are in negative salt balance , and therefore, are unable to conserve 
appropriate quantities of salt. It is exceedingly rare to see a patie nt 
with true salt-wasting nephritis. 

The reason why some patients develop inability to conserve salt i s 
totally unknown. It has been reported in a wide varie ty of renal diseases 
(chronic pyelonephritis, r enal medullary cystic dise ase , chronic milk 
alkali syndrome, and polycystic renal disease), .tl 

Addison's disease: 

It is well appreciated that mineralocorticoids enhance 
sodium reabsorption at some nephron site beyond tl1e macula densa. Recent 
preliminary evidence from Gross et al. in our laboratory v1ould strongly 
suggest that the electrogenic sodium pump which is respons ive to minera lo
corticoid is located in the collecting duct system rather than the distal 
convoluted tubule. In the absence of mineralocorticoid these patie nts 
would have a primary defect in · their ability to conserve sodium. In addi
tion, for r easons which are not understood, there is a decreased capacity 
to form maximally concentrated urine. The combination of'thes e events 
leads to hypernatremia with circulatory insufficiency and contracted ex
tracellular fluid volume. 

Diuretics: 

All commonly used diuretics cause an increase excretion 
rate of sodium and water. To the extent that these losses are coupled 
with stringent limitations in intake of salt, and to the ext e nt tha t some 
of the fluid loss is replaced by oral intake of pure water, hyponatremia 
develops with a mild degree of voltm1e contraction. Under normal circum
stances the resultant hyponatremia and hypoosmola lity would inhibit the 
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release of ADH thereby promoting incr eased excretion of free water. How
ever, it i s just this generation of free wate r (a function of the cortical 
thick ascending limb of Henle) that most diuretics inhibit. · Then it is 
not at all uncommon to see mild degrees of hyponatremia in patients who 
are on diuretics and who are instructed on low sodium diets. 

A close variant of the diuretic induced dehydration with hypona- . 
tremia are those patients (either on or off diuretics) who have hyponatremia 
with decreased effective circulatory volt~e but overexpanded extracellular 
fluid volume . A prototype of thi s type of syndrome is low output cardiac 
failure with associated edema. The pathophysiology of this type of hypo
natremia has been a subject of much debate but recent evidence from Schrier's 
group (Journal of Clinical Investiga tion, in press) would suggest that 
perhaps inappropriate secretion of ADH plays one of the predominant roles 
in its genesis . These patients, however, should not be classified in the 
differential of dehydration since clearly the total body water in these 
patients is not decreased, but is increased. 

Loss of total body fluid coupled to volume repletion with salt-free 
fluid can commonly lead to dehydration with a fall in the serum sodiwn 
concentration. 

Isonatrernic Dehydration: 

The most common form of total body volume depletion is in associa
tion with various forms of gastrointes tinal diseases . In both diarrhea 
and vomiting the fluid that is lost is hyponatremic with respect to plasma. 

However, in both of these circumstances, adult patients usually pre
sent to the physician with isonatremic volume depletion. This is true 
because even though, if vomiting is marked, it us ually is characterized 
by short periods of remissions during which the patient repletes the ir 
fluid losses by hyponatremic solutions or by salt-free water. Simila rly 
in diarrhea , the likelihood is great that the patients will be relatively 
isonatremic since the fluid replacements are often with solutions contain
ing lowe r concentrations of salt than contained in plasma. Thus, it i s 
clear that it is the nature of fluid replacement which in great part 
determines the serum sodium ·concentration of a volume depleted patient 
with either vomiting or diarrhea. 

A Compari son Be tween Volume Depletion From Primary Wate r Loss and From 
Primary Sa~t Loss: 

It i s clear from the previous discussions that two pathophysiologic
ally different type s of volume depleted states exist. In one, there is a 
primary loss of water, and in the other, there is a primary loss of salt. 
However, due to the unfortunate all-inclusive implication of "dehydration", 
much confusion exists in the mind of many concerning the important dis
tlnctions and the therapeutic implications between the two volume depletion 
states. Doth of these clinical states have been experimentally produced 
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in man (54 ) and many of the c li ni cal and laboratory differences between 
these have been previously defined (54,55). 

The clinica l dif ferences between these two states can be examined by 
conside ring the symptoms after an equal 3 kg weight l oss (4%) for both 
conditions in a 70 kg man. It should b e r emembered that the total body 
water volume of a 70 kg man is roughly 42 L (2/3 ) and of this , approximately 
14 L is extraceilular. I[ primary water deficit causes the 3 kg loss of 
weight , and since water is highly permeant across most cell membranes , 
then the loss of body fluid will occur proportionately from a l l compartments 
and the ECF wi l l b e compromised by only 1 liter . The plasma volume will 
be decreased even les s (roughly 250 cc) and therefore , skin t urgor , pulse 
and blood pressure remains within norma l limits , Table II. However , due 
to contraction and concentration of intrace llular spaces , the thirst 
centers are activated, and therefore , volume depletion states secondary to 
true dehydration are characte rized by intense thirst . On the other hand , 
if the same 70 kg man l ooses 3 kg of 1-1eight by primary salt loss , the loss 
of total body fluid will occur principally a t the expense of the ECF. The n 
the skin turgor will be decreased , pulse r·apid , a nd blood pressure low, 
Table II. Thirst centers will not be activated s ince the CNS cell might 
act ually be somewhat expanded due to osmotic equilibration of fluid from 
the ECF to ICF. The r es ultant laboratory findings of the se two conditions 
are summarized in Tabl e III. 

TABLE II 

Clinical Features of th e Two Types of Volume Depletion States 

True Deh;tdration Primary Salt DeEletion 

tt Thirs t + 

nl Skin turgor + 

nl Pulse t 

nl Blood pressure + 

Tl\BLE III 

Laboratory Findings of the Two Types of Volume Depletion States 

True Dehydration Primary Salt DeE l etion 

H Urin e volume + 

tt urine conCentration ±t 

±t Serwn proteins t 

tt Serum sodium ±+ 
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Treatment Of Volume Depletion States : 

The nature of fluid r epl acement can b e conveniently divided into t wo 
categories: 1) fluids necessary to correct the volume deple tion; and 2) 
fluid s necessary to maintain the volume homeostasis. 

/} 
$h& number . of aspects should be considered with respect to the r ate 

and the constituents of fluid ~ in correction of hype rnatremic dehydra
tion. An urgent factor which would demand · rapid correction of cir culating 
volume is if the kidneys and other vital organs are not adequate l y per
fused. An inappropriate delay in rehydration might l ead to irrevers ible 
ischemic damage t o some organ system . On the other hand, rapid volume 
repletion is not without dangers. If hypotonic solutions are given 
rapidly, brain swel ling might ensue as a consequence of o smotic moveme nt 
of water from plasma into hypertonic brain cells . This might cause coma 
and convulsions , a complication which especially i s not uncommon in the 
pediatric group (56 ). If the concentrati on of salt in the i nitial reple
tion bottle is raised so as to al l ow for fast e r correction rate of volume 
depletion, then the patient i s subjected t o the risks of generalized edema . 
The counter balancing cons i derations have made it difficult to come up 
with any unifying formula by which hypernatremic dehydration should be 
treated. 

Nevertheless , a few sound principles do emerge which should be kept 
in mind whe n treating a patient with hypernatremic dehyd:.:.1tion . Many 
patients exhibit some degree of vascular collapse , and most patients have 
a combi ned loss of water and salt. 1'hough there are f eelings to the con
trary, I personally wou ld recommend in the adul t patient to initiate treat
ment of hypernatremi c volume depletion with 1 liter of normal s aline . Once 
the l aboratory values return, the correction of anion and potass ium defi
cits should be start ed . Once t he init ial emergency of shock has been 
treated, the n the recommended aim of therapy is to correct the other volume 
and electrolyte-metabolic disturbances gradually over a period of approxi
mately 4.8 hours. 

A great number of specifi c equations have been developed by various 
investigators which have been designed to offer assistance in choosing the 
volume and the constituents of the repletion fl uids . Thi s is especially 
true in the pediatric literature. This protocol has specifica lly del e ted 
any mention of a specific formula s ince the author fee l s strongly that 
the use of any s uch formulas might be hazardous . 'l'he basic reason is that 
each patient's clinical set ting has evolved through interplay of various 
factors, with various metabolic consequences, and various metabolic compensa
tory counter-balancing forces . Rather, each patient shoul d be conside r ed 
individually and special repletion solutions can be composed to meet the 
individua l c ircumstances . 

'rhe same general principles are app l icable to treatment of hypona
tremic dehydration a~ with hypernatrernic dehydration. He re the que s tion 
of the nature of the initial f lu~ again i s quite important. If the total 
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body fluid losses are significant as a consequence of significant primary 
losses of sodium , the CNS cells may actually be .overhydrated, Then the 
volume depleted patient may actually present with hypotension and symptoms 
of water intoxication (confusion, stupor, coma or convulsions). Under 
these circumstances it is important to r estore blood volume early. This 
may be accomplished with administration of colloid (plasma or albumin) in 
combination with hypernatr emic NaCl. If neurological symptoms of hypo.
natrernia are present (common with serum sodium concentrations of less 
than 110 mEq/L) then 250-500 cc of 5% NaCl will usually reverse the symp
toms of hyponatremia . If hypona tremia is only moderate, isotonic NaCl 
should be given as the initial bottle. 

No difficulty should be encountered in calculating the total basal 
(maintenance) requirements of \vater and salt. In essence , there are three 
sources of fluid loss : 1) insens ible water losses (800 cc/day); urine 

·losses (about 1000 ccjday); and losses due to under lying diseases. There
fore, a patient should r eceive about 2 liters of maintenance fluid per 
day, not counting the l osses due to the under lying disease . Under normal 
caloric states patients ingest bet\veen 4-5 gm of NaCl and 3-4 .5 gm of KCl 
per day. The fluids should contain this quant;i.ty of NaCl (70-85 mM) and 
KCl (40- 60 mM). I s otonicity of fluids is ass~~d by use of dextrose. 
These simple solutions will maintain normal state of hydration for short 
periods of time; however , other constituents should be added to these fluids 
to minimize the threats of depletion of other essential minerals if pro
longed IV r epl e tion regime becomes necessary, 
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