AL-Manara University
Faculty of pharmacy

FLUID AND ELECTROLYTES:
WATER AND SODIUM
BALANCE

Lecture 5

Dr.Rama IBRAHIM
PhD Paris-11 university
2023-2024

r. Rama IBRAHIM



o\ J,leStle Wiloadl yuld drosl
j- et

ol Retention L_wlas| o Fluid loss Jslgad! 0lasd a2y ©
OMSiuodl o puw=dl s Redistribution lpss;qi dslcl
050yl @ lood] 59 assladl

Jozxo (sJWL zlixyg ,Txae)-w Wz )wy wlhilo =La_JLc': ®
Sl Laxllg aus ,0ll @nsll o anslall wlogleoll
gl aslon Sl JJlxilg

Lol &l Jo> dold ologleo sde Jaazl oSoy ©
ISl daudbg doMaw (| a8loVL Lay el sad U, sl
pss39.0l) ddacdl whgiwedl uld JM> 0o
Ugs,Sadly 2,91Slg uinil;Slg byedlg pgaswlislg

Dr. Rama IBRAHIM 2




panzl 9 Jilewull g 50
INTERNAL DISTRIBUTION OF FLUIDS
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Water tank model of body fluid
compartments

Extracellular

I nlet f|Uld
compartment
Intracellular
: fluid
compartment &

(el s

» The inlet supply represents fluids taken orally or by
intravenous infusion, while the outlet is normally the
urinary tract. Insensible loss as surface evaporation.
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The effect of volume depletion and
volume expansion

(a) Dehydration: Hoomal 3 :
loss of fluid in ICFand | ]

ECF due to increased

E
urinary losses, or }:g
decreased intake. q
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(b) Overhydration: Nomal 8 ,
increased fluid in ICF '\rﬂW‘/‘/‘/‘/‘/‘T
and ECF due to E

increased intake, or
decreased loss. =
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CONCEPTS OF OSMOSIS AND
DIFFUSION

Osmosis
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“» Diffusion: is the movement of solutes(through a
solute-permeable membrane) from the more
concentrated to the less concentrated compartment.

» Osmosis: is the movement of solvent molecules
(through a solvent-permeable membrane) from the less
concentrated to the more concentrated solution.

“» Osmotic pressure (OP): is the pressure required to
prevent osmosis( it depends on molar concentration &
not on nature of compound).

Ozmotic Pl'essm'i
Semi-permeable
membrane !
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OSMOLALITY
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@ Osmolality is a physical property of a solution that
is based on the concentration of solutes (expressed
as millimoles) per kilogram of solvent (usually
water) (mmol/kg).
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@ (The osmolality of the ICF is normally the same as
the ECF).

@ In man, the osmolality of serum (and all other body
fluids except urine) is around 285 mmol/kg.

REFERENCE RANGES FOR

Hae bl OSMOLALITY

Serum 275-295 mOsm/kg
Urine (24 h) 300-200 mOsm/kg
Urine/serum ratio 1.0-3.0

Random urine 50-1200 mOsm/kg
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Osmolality changes and water movement in body
fluid compartments

Semipermeable
membrane

/

-

Concentrated

® Body compartments are separated by semipermeable
membranes through which water moves freely.

@ Osmotic pressure must always be identical on both sides
of a cell membrane, and water moves to keep the
osmolality the same, even if this could cause cellular
shrinking or expansion.
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CALCULATED OSMOLALITY

® Most laboratories can measure plasma osmolality, but
it is also possible to calculate the approximate
osmolality of plasma using a number of formulae.

» Clinically, the simplest is:
Serum osmolality = 2 X serum [sodium]
[mmol/kg] [mmol/L]

This formula only holds if the serum concentration of
urea and glucose are within the reference intervals.

» Formula that includes all the low molecular weight
solutes contributing to plasma osmolality:

Calculated osmolality = 2[Na+] + 2[K+] + [glucose] + [urea]
oo (all concentrations unit be in mmol/L)
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COLLOID OSMOTIC PRESSURE
(ONCOTIC PRESSURE)
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@ Plasma proteins and hydrodynamic factors together
determine the distribution of water and solutes across
the capillary wall, and hence between the intravascular
and interstitial compartments
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pressure pressure movement

» Hydrostatic pressure: drives water and low molecular mass
solutes outwards and decreases along the length of the capillary.
» Plasma oncotic pressure: attracts water and low molecular
mass solutes inwards and is constant along the length of capillary.

The balance across the capillary membrane may be disturbed
if plasma protein concentration changes significantly. .




LECTROLYTES

The main intra- and extra-cellular electrolytes

Intracellular Extracellular
Cations K+ Na+
Anions Protein and phosphate Cl- and HCO3-
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Body Water Balance

Fluid loss % Fluid gain

Respiration 200 mi i Drink 1200 m

Skin 600 m|
Food 700 ml
Feces 100 ml 2
»

Urine 1300 ml Metabolic 300 ml
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WATER AND
SODIUM
BALANCE
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A. Water:
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Normal water balance

Water intake
0.5-5litres/day Body distribution

42 litres

Renal losses
0.5—15 mL/min
usually

~0.5— 4.0 litres/day

Interstitial 26%

Sweat

[
Respiration

=2 insensible loss
~500—-850mL/day

S0mL
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REGULATION OF WATER (asss 30 9@

EXCRETION BY AVP
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H},rpothalamus:: ‘.'

Hz0 v, : :

. b Posterior ‘ |
Regulation of water )l pituitary ,
AVP ! :

balance by AVP and
osmolality

Kidney

** /|

H0| H-0f

@ Fluid deprivation (raising osmolality) results in the
stimulation of endogenous AVP secretion, which reduces
the urine flow rate (0.5 ml/minute) in order to conserve
body water.

@ In contrast, within an hour of drinking 2 L of water, the
urine flow rate may rise to 15 ml/minute as AVP secretion
is shut down.
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B. Sodium (Na+):

Total body sodium of the average 70 kg
man is approximately 3700 mmol

¥

75% exchangeable 25% non-exchangeable
(mostly in the (incorporated into tissues
extracellular fluid) such as bone)
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£9/Jgo (sdio

b e wowbwl JSLiu Sodium losses pg56.0)l 6,Lus i ®
s bl pisg ,5,lsll GleSHl go wwlinlas Kidney sl
Faeces ;|,JI 9 ol Sweat 9,2l &.,b (,c pgi>9.0]l

Jennall 88 Somall (Sa20ll Jaral sy , dairradl Yl (S ©
Opoiouall sLdVlg JlpwVl (s34 189) pousgall 8;Luzd (suwlw VI
(ol 0 2MoVls sloll bl amess sloll ] Jlabll (sl

Dr. Rama IBRAHIM 23




Normal sodium balance

Sodlum Intake Body distribution
<100->300mmol/day 3700 mmol
Bones
and tlssues 25%
Renal losses
-
@ — match intake
| ECF 75% | Sweal
|AMM\—A‘ ~5 mmolﬂ’day
~5mmol/day
in fasces

towisnd dhwles pgusgall o (ol 2lbYI pudais poy
.Aldosterone vg uiwg VI .1

Atrial natriuretic pgos>g.0l) HaoJl (NwdYI dind] .2
.peptide (ANP)
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1) Aldosterone:
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Regulation of sodium balance by
aldosterone

Angiotensin |l L 3 i:\ Ang::(eﬁ;:T\\ i':'l.

Angiotensin | Angiotensin |

Aldosterone Aldosterone
Angioten

Angiotensinogen

(K
(KTKLK)
ﬂﬁﬂ
Ma retention in response Ma loss in response to
to falling blood pressure increased blood pressure
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2) Atrial natriuretic peptide (ANP):
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REGULATION OF VOLUME

Clinical case:

A patient who has been vomiting and has diarrhoea
from a gastrointestinal infection:

® With no intake the patient becomes fluid depleted.
Water and sodium have been lost. Because the ECF
volume is low, aldosterone secretion is high. Thus,
as the patient begins to take fluids orally, any salt
ingested is maximally retained.

® As this raises the ECF osmolality, AVP action then
ensures that water is retained too.

@ Thus, aldosterone and AVP interaction continues
until ECF fluid volume and composition return to
normal.
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HYPONATRA
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PATHOPHYSIOLOGY &aol o Vi

@ Hyponatraemia is defined as a serum sodium
concentration below the reference interval of
133-146 mmol/L.

® It is the electrolyte abnormality most frequently
encountered in clinical biochemistry.

@ Causes of hyponatraemia
Hyponatraemia can arise either because of:
a) retention of water.

b) loss of sodium ions.
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The causes of hyponatraemia

Hyponatraemia
Fluid retention Sodium deficit
Oedematous Non-oedematous || ECF wlume‘
. Water | Water
excretion excretion T Loss | Intake
T Water intake e.g. CCF, T Water intake e.g. SIAD, (e.g. from gut, (extremely rare
.. inappropnate nephrotic g.0. compulsive renal kidney cause of sodium
IV saline syndrome water drinking failure or skin) depletion)
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Water tank models showing
that reduced ECF volume
may be associated with
reduced, increased or
normal serum [Na+].
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PSEUDOHYPONATRAEMIA
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Na concentration Ma™ concentration Ma™ concentration
= 138 mmol/L = 143 mmolL of = 108 mmolL
SErUIM serum water of serum
Proteins and
lipoproteins
Mormal Pseudohyponatraemia
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a. the serum sodium concentration.

b. how quickly the sodium concentration has fallen
from normal to its current level.

c. the presence of signs or symptoms attributable to
hyponatraemia.

d. evidence of sodium depletion.
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SYMPTOMS OF HYPONATRAEMIA
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The clinical features of ECF compartment depletion
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If there is clinical evidence of sodium depletion, there is a
high risk of mortality if treatment is not instituted quickly.
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Biochemistry a s gall (oA 4, gall slaassll O

Both sodium depletion and SIAD produce a similar
biochemical picture with reduced serum osmolality
reflecting hyponatraemia, and a high urine osmolality
reflecting AVP secretion or Na losses.

Table 9.1 Clinical and biochemical features of sodium depletion and SIAD

Symptoms®*

Signs*

Clinical value of signs
Clinical course

Serum osmolality

Urine osmolality

Unnary sodium excretion

Water balance
Sodium balance

Treatment aim

Sodium depletion

Often present, eq. dizziness, light-
headedness, collapse

Often present. Signs of volume depletion,
e.g. hypotension (see Fig 9.1}

Diagnostic of sodium depletion if present
Rapid

Low

High

Low if gut/skin loss of sodium

Variable if kidney loss

Too little

Too little

Replace sodium
Dr. Rama IBRAHIM

Water retention

Usually absent

Usually absent
Cedema

Oedema narrows differential diagnosis
Slow

Loy

High

Variable but usually increased

Too much

Mamnal
Too much if oedema

Restrict water
Matriuresis if cedema 43




Oedema 43l O
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TREATMENT a=JiasJll
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SUMMARY (1)

@ Patients with hyponatraemia because of sodium
depletion show clinical signs of fluid loss such as
hypotension. They do not have oedema.

@ Treatment of hyponatraemia, due to sodium depletion,
should be with sodium and water replacement,
preferably orally.

@ Hyponatraemic patients without oedema, who have
normal serum urea and creatinine and blood pressure,
have water overload. This may be treated by fluid
restriction.

@ Hyponatraemic patients with oedema are likely to have
both water and sodium overload. These patients may be
treated with diuretics and fluid restriction.
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HYPERNATRA

EMIA
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PATHOPHYSIOLOGY

® Hypernatraemia is an increase in the serum
sodium concentration above the reference
interval of 133-146 mmol/L.

@ Causes of hypernatraemia
Hypernatraemia can arise either because of:
a) loss of water.

b) gain of sodium.
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Causes of hypernatraemia

Hypematraesmia

Na" content normal Na* content decreased | Na* content increased
H,0O decreased H,O very decreased 1l H,O normal

Excessive o
L Hz0 sweating or ~Na™

intake diarrhoea in administration
children

!

Urine is
maximally
concentrated.

Low volume

Renal water loss Osmotic diuresis Conn's syndrome
(diabetes insipidus) (diabetes mellitus) Cushing's syndrome

!

Urine may not be
concentrated.

Mormal or

increased volume
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CLINICAL FEATURES &y yatdl ailasd
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Decreased skin turgor: it is a sign
of severe dehydration with fluid
loss from the ECF.
(unreliable in the elderly)

&
N1 T & [Na ]T

(a) — ﬂ:a (b) H:D

Hypernatraemia is commonly associated with a contracted ECF
volume (a), and less commonly with an expanded compartment (b)
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Hypernatremia (signs and symptoms)

Fever (low), Flushed skin
Restless (irritable)

Increased fluid retention, Increased blood pressure

Edema (peripheral and pitting)
Decreased urinary output,
Dry mouth

Skin flushed

Agitated

Low-grade fever

Thirst

“FRIED SALT”
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TREATMENT a=x)iasJli
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OTHER OSMOLALITY DISORDERS

@ A high plasma osmolality may sometimes be
encountered for reasons other than
hypernatraemia.

@Causes include:
1. increased urea in renal disease
2. hyperglycaemia in diabetes mellitus

3. the presence of ethanol or some other ingested
substance.
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SUMMARY (2)

® Hypernatraemia is most commonly due to water loss
(e.g. because of continuing insensible losses in the
patient who is unable to drink).

@ Failure to retain water as a result of impaired AVP
secretion or action may cause hypernatraemia.

® Hypernatraemia may be the result of a loss of both
sodium and water as a consequence of an osmotic
diuresis, e.g. in diabetic ketoacidosis.

® Excessive sodium intake, particularly from the use of
intravenous solutions, may cause hypernatraemia.
Rarely, primary hyperaldosteronism (Conn’s
syndrome) may be the cause.

@ A high plasma osmolality may be due to the presence
of glucose, urea or ethanol, rather than sodium.
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