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Important items

> Water content (Total body water ) or TBW

» Compartments & distribution

> Na content

» Balance between water input and water output
» Control of body water

» Hypovolemia & Hypervolemia

> Types of fluids

» Maintenance fluid therapy

» Fluid distribution
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Water content & Total body water (TBW)

Total body water (TBW)

@R ey
60% of body weight in men
50% of body weight in women & elderly of both sexes.
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Intravascular compartment = plasma volume = 1/4 x ECF
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Na content: normal

sdie (yay sall Glld pa g 2l Jia S

Hyponatremia
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Low albumin = low oncotic pressure
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LL edema, Ascitis
+

Pleural effusion
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ol Jie @
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DVT
Al s ) 51l 4188 adals

Venous blood accumulate
AL

Both hydrostatic pressures

+
Capillary permeability
diany s

LL edema & swelling
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Pressure forces
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Heart failure
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Preload
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Venous blood
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Intravascular compartment
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Hydrostatic pressure
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Pressure forces
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Intravascular compartment
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Interstitial
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LL edema
+

Ascitis
+

Pleural effusion
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Balance between water input and water output
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Respiratory tract J) €
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Tachypnea
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¢ 4l kidney J) b oo J¥ Al AlS Jlg) ©
thirst center.. J' 4laiulS ¢ i il caila JI ), olidae o sSGWdaal gl o) ga
Posterior pituitary J) s« ¢san geall leS

ADH.. J )& olie

collecting tubules.. J) 2axilly g il - 58
Anti-diuresis Jax s
Jery e J ol Jly

Balance

Control J &2 =5 A ©
e lay A
Jd s
Circulation /heart
Factors affecting capillary permeability
| shuandclea b dgog
Compartments J) (8 4l alaal
o output Jis input Ju palla 483le (haglle 81yl g ol JS

Jsd Cpaldaill & (i e (oY Lol Cala JS5y )il (Sae output JVs input O oS ol s

Cor o2l 4yl iy ©
Heart J ala J
Y i paina a4 s )
Systolic heart failure
¥
Diastolic heart failure
Aagls Il
Water balance
Input = output
ECFJ oS5
J Al o 5l s
Water volumes
oY) 8 palia a0 N
Normal volume of water in (intravascular compartment)
&
Normal volume of water in interstitial compartment..
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Heart failure saic (ay yll J ol ©

4‘«‘}4&1

Systolic or diastolic
Pump action J & J25a) Jeasaa
pump<! Jaidy Qll Y
(Lol ) 4l zaly (A all O G e Le QIS Juangs Ul
Preload Ju <a_=w 035
Venous blood J) < Jian o2
e z A Al aall 8 DR S
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) Le (pall ) La 330l G dgall 4paS oSIL s
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J ulb
Intravascular compartment
ol sall (50 0 S DlpaS 4 S 5
Jl 2 m 035
Hydrostatic pressure
& capillary permeability
Starling forces J) & J2a) Jeasa

Preload J! s siuwe e €
Venous side J s2
e
I e 4zall 48
Intravascular compartment
J S
Interstitial compartment
o) pa A
LL pitting edema
Pleural effusion
+
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Afterload J s siwe e
Diastolic filling pressure
sl
Left atrium Jl Jaxca s
A
lungs J) (e (Saian 03 g
J e agall Jaii
Intravascular compartment
|
Interstitial compartment
dranyy o)l
Interstitial pulmonary edema
S (535485 yzall Lgila )
Left sided heart failure
drany AV Qulall e
LL edema, ascites

+

High JVP

(Accumulation of fluid with increased pressure in Jugular veins that reflect right atrium)

S0
Right sided heart failure
Heart failure J) 8 v

R

Volume overload

Output Jb ¥ s input Jb 483 4l Ll
A o Le IS Sl
Intravascular compartment

Js

Interstitial compartment
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Jeva 4W &
Shock
C 4l dany

Failure of tissue perfusion
) S L)
Shock JI bl Lk
Hypovolemic
Cardiogenic

Septic

Anaphylactic
J
Hypovolemic shock
JI 8 alSie L (Al o 5l L
Input & output
el g 58 8 Joal Al

¢ sl
Hypovolemic shock
el (e
Hypovolemia
Jlda il cilia s dive

Shock (circulatory failure) and failure of tissue perfusion

Hypovolemia J! b
¢ A lena
bl Lgalane
< Loss of plasma
Lgadt
J Va6

Blood loss (hemorrhage)
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o daa ()5S (San 0l
GIT (hematemesis) & melena /hematochezia
Lungs (hemoptysis): not common
Genitourinary
o Massive vaginal bleeding

o Massive hematuria (not common)

Third space (internal hemorrhage: hemoperitoneum, hemorrhagic pancreatitis)

|l
Blood loss from trauma >
o External wounds (RTA)
o Traumatic internal hemorrhage
Input Ju e led Cld 8 C

s Massive vomiting
o Lack of water intake (severe dehydration)
oo eldll Glie 4gsne (8 A Gl gl Gl JLS (8 e (iliast e 50

Thirst mechanism

Output Jb 483ke el Gl s ©
)
o Diarrhoea (massive stool 10ss)

o Extensive burns (massive fluid loss from skin )

Shock Jl ¢l 5l 4 Wl €
La

-

Cardiogenic shock
Pump 4lSis

Loss ilesa
Sl
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Septic shock

Jb 4 s cc u gl Bl 5 Ly S L 5
Cytokines
interleukin 1 & 6J) s
BICENTY
Systemic vasodilatation
J) Jaia
Perfusion
pooling Jeaas JlS
Jcasn
Fluid from intra-vascular compartment into microcirculation
interstitial J) Jie
Aaml 03

Sequestration
drany Ul

Hypovolemia
ilide ¢ 5 (4

Anaphylactic J) Wl
Systemic VD
Jdery g bl sy
Circulatory failure & loss of tissue perfusion

... Plasma oncotic pressure | sl ©
Lol dals Jiayoa
Effective circulatory volume
Ol s e sl s e Jysasall Lanka g
i 03 Lk
Shock
Ot ole Lind e (o) bl il g (e W) 8 1 ()

Liver failure gias 41854

Nephritic syndrome ( renal loss )

Protein losing enteropathy ( GIT loss)
Severe malnutrition ( low intake )
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JE S C
Oncotic pressure
U A5 it
Suction forces
Jh Jall g
Pressure forces

L@_}Sﬁ i !.....

I e () gl ) Azall (e laaS Jai) aliasall
Intravascular compartment (circulation)
|
Interstitial compartment
Jany g
Pitting LL edema,

AscItis
+

Pleural effusion

¢ el (n g s ) 29 fluid balance Jex el

Fluid balance 4lexi Ll zUas (o jall il
Al S
¢ L JIA L oxie Normal mechanisms J) oY lee (e Y
dl 2 aAlSieorie (e ) €
Water input
A e
Water output
Na 41 )
) o e Al )
Input & output
)
Pump (acute causes)
JV b aSatiy I cldy) b 4l
Input or output
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?wlnputd\‘gdﬂmam‘_ﬂ\ C

All types of Coma and confusion (unable to drink)
Any patient unable to eat and drink (NPO)
Medical & surgical causes

Output J Jstiw €

J Al sie (e (s
Kidney (acute causes )

o Acute kidney injury (oliguria)
o Polyuric states ( polyuric phase of ATN , severe DI ,
o Post — obstruction
N.B Acute kidney injury and advanced stages of CKD are hypervolemic states

Skin
o Massive burns
o Severe Stevens Johnson syndrome ( TEN )
Respiratory tract
o Respiratory failure states ( particularly type 1)

o High fever states

o Severe diarrhoeal States
Circulation J! & JSlis ©

Acute pump failure

o acute heart failure o pulmonary edema

hypervolemic states Js2

o Hemorrhagic shock o Severe dehydration

o Hematemesis /Melena o Septic shock

o Hematochezia o Anaphylactic shock
< Any Na disorders

e Hypernatremia & hyponatremia
< Traumatic cases (hypovolemia)

< Adrenal crisis (hypovolemia)
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Fluid balancedasi 1)) : AWl J) guad)

Input J) clea &)k (e
Outputd! 4 stzay

I zlisall (o pall 8
$ 1)) Ledari 505

acla Vil o Jall S Gl 0 2Y €
o Jsall Cann Ul 2y 008
ik e Water output J) b &
Skin, respiratory tract, stool

lall 8 daniy 02

Insensible loss

Rough 48 sk | saain J 5
30 --50 ml/hour
50 ol Canall 8
30 Ao el 3N 8
G5 4883 (e (535 ¢¢ DA 5 500 peiad aay il 4li 4l yla A

Y., eaS G
Fever sxie (am yall 1 €
150 ml L 4 ) JS B
Output J) le aliati s leans Cruni g paati (3 Bl guall 2 3¥ e g 5 5 Jlgal odie a3l o €
Jl g sena ] jual
Output (urine volume + insensible loss * other fluid losses)
Input J) Jlade (5 sbue (5 5S5 2Y 02
4 sl QUEPUL J) AeS (Ao JA (i pall 0 3Y Sl v
25 Basb 0o welS 535S (Sas
GITA Gaob 0e s a s 25l Gl e e (Sans
IV routed! Gk oo ddlas 458 Sy

«« i nasogastric tube J) Gk oo Sl
i gl dday A Fluid chart 4ew s
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A gals
(e Win juasll (5)) 4l Gara e a2 3V il gun 408 JSI iy pall (sia 4l
output JI ge sy @1l e dallls I Gyl gl (ilalaall ) (33150 S ja i all )

Fluid chart

(Pl (50
Maintenance fluid therapy
Hypovolemia J qalai 3 (e
Maintenance J! 4l o sha 4 a3 s
J el ady e
Fluid status
Js¥) bl Aoy

Euvolemic s Jda v
4o sl sl ins
Hypervolemic ¥ s Hypovolemic ¥ s
Zla 03
Maintenance fluid via fluid chart
BE3)

Hypovolemic sl (& v/

O JIsY) i a3
Hypovolemia

o.ﬁj.;),d\
Dehydarated ole ) 4sle oo S €

abaiy
Bolus fluid therapy as deficit therapy (replacement therapy)
1 -2 Litre Bolus
(Odicls 5l dclu) 4Ll Cilelu sae e
Jl Gl B
Maintenance fluid therapy
J ks 43 gl
Fluid chart
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Hypervolemic glkall o b v/
J aldaiy g apasll (i 2aliis | alalS ) g 2AL (fiadly Laod
Boluses & cautious
Jilasy Lo gldie

Aggravation of pulmonary edema

¢ Volume status J) —ase!) 1))l v/
J s el
Euvolemic Hypovolemic Hypervolemic

oY) A3y )

Clinical

< Check

Intravascular compartment (circulation) + interstitial compartment

=» Intravascular compartment!!
o BP measurement JVP

+ check orthostatic changes Heart

o Pulse Back (lung crepitations)

=> Interstitial compartment
o Mucus membranes Axillary sweats
o Tongue LL for edema
o Lips Abdomen for ascitis

Skin turgor Lungs for pleural effusion

Normal 4 4ala JS Euvolemic J) gl v/
Mild dehydration exic Al Glall
aals 408 Ba e Llle 4 p
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+ Signs of dehydration & Hypovolemia?
= Dry tongue, lips & mucus membranes

= Loss of skin turgor (inelastic skin)
(Not reliable in old ages)

Loss of axillary sweat (4«g<)

Orthostatic hypotension (decrease in SBP > 20 when standing & DBP > 10 )
Severe cases (hypotension)

Shock

+ Signs of hypovolemic shock
BP < 90/60
Tachycardia
Tachypnea
Capillary refill > 3 sec

(4 3 85 230l g Lo Js e pal) i siia 4l (nny s lelmy o jilin e (a5 )

= Confusion
= Oliguria
= Others signs of dehydration)

+ Signs of hypervolemia
High JVP (very important) > 4
Pulmonary basal crepitations
High blood pressure (in renal cases or hypertensive pulmonary edema )
Pitting LL edema (cardiac & renal)
Ascitis (cardiac only)
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A} Al hal)
LSS Lelent o 3Y (535
Fluid status J) sLé »
CVP
Caokall ds
Craling Mad agale ) (Y o 38 jall 4liall Guibe JS (8 1S i Lagls I
Fluid balance
v" Normal CVP: 8 - 12
lall (B 8 (e il G )
Hypovolemic (dehydrated)
Ofala zlsa Ay

Correction of volume depletion (deficit or replacement therapy)

By bolus fluid therapy
&
Maintenance fluid therapy (fluid chart)

When needed
Euvolemic 5 v/
glsaa | AU Y aliall 3 5 saaagg
Maintenance fluid therapy
Euvolemic = CVP {8 — 12}
(8 —12) &a )il y CVPJ) (1l daylia g4 JuadV) Lanka
Al 4 o) cmaa Lelae Fluid chartd) (256 Wl La goad
19 sl lagt) v/
o (pilY)
adailiia alE Y1 () CVP o XU 5 Fluid chart dess sy ¢ (ans g | slanty (a5 jiall
SCVP e o« Fluid chart Jee aéts Ja il v/
dii o f sl (e ]
Juadl [y aa (S




DR. HOSAM MOKHTAR WATER BALANCE& FLUID THERAPY ... SIMPLE AND PRACTICAL

CVP measurement J! xal v/
st pals el
Detection of hypovolemia
dhala Lgulal e (lie
Bolus fluid therapy
J) s 4l
1-2 Litre
Dehydration J caalea Wilase ) 5SUI olie J 5
(8 -12) o L Llil CVP JIs
J) daalie W g8 Le (5 ) Juzad) g
Maintenance fluid therapy
e
06100 4y 4383 Lia J& ala v/
Lead (ilSae (8 Y audl
False high CVP
J) La sad Heart failure J! 8 Jasdy
Right sided causes
¢ aina CVP J 4zt ghie La
VY Jay Vo aad o all a5 el (blija Gw ) Calyal ) Sl €

« Hypovolemia J) s a8 Nas coa La
d\é& A= <6 L;.JJJ\;“GQ
Boluses (250 - 500) cautiously

10 Ge dlia (i 50 L CVP O sy

Sl Gl
Renal failure with volume overload
JSIFluid chart ) (e 43 adiata 03
Jiut zlal
CVPJ e 5 Gund Jusid)
ultrafiltration J) ba saa
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el fluid JI dapiad (A (s 30 Gl 58 QIR iy pa By €
Clinical J' G: b o= Dehydration J) gassis e adiaia
ﬁ\ubiﬁd‘ﬁy
Volume overload state
J le adiaa o
JVP & CVP
J) o gl
Dry tongue, Mucus membranes,

Loss of axillary sweats, orthostatic hypotension
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% Inferior Vena Cava Ultrasound for Volume Status...

Volume status assessment
< Diagnosis
Volume depleted (e.g. Hemorrhagic Shock, dehydration)
Volume overload (e.g. Congestive Heart Failure)
Serial monitoring of volume status (e.g. Sepsis)
Repeat Ultrasound measurement after each fluid bolus
Predict volume responsiveness
< Pearls to improve view window ¥ ¥
View improves with the patient taking a deep inspiration
< Transducer orientation ¥ ¥ ™%
Transducer placed right lateral to sub-xiphoid
Transducer indicator pointed towards 12:00 with energy toward left atrium
< Landmarks
Inferior vena cava

Right atrium




DR. HOSAM MOKHTAR WATER BALANCE& FLUID THERAPY ... SIMPLE AND PRACTICAL

Interpretation ¥ ¥ 7¥

< Volume status based on IVC alone (Respirophasic IVC Variation)

IVC is normally 1.5 to 2.5 cm in diameter (measured 3 cm from right atrium)

IVC <1 cm in Trauma is associated with a high likelihood of Hemorrhage requiring Blood

Transfusion
IVC <1.5 cm suggests volume depletion
IVC >2.5 cm suggests volume overload
Inferior vena cava (IVC) normally collapses more than 50% with inspiration or sniffing
Consider measuring in M-Mode
< Caval Index = (IVC-exp diameter - IVC insp diameter) / (IVC-exp diameter) x100

1- Collapse <50% suggests volume overload
2- Caval Index >50% suggests fluid responsiveness

< Correlation between RA pressure (CVP) and IVC appearance ¥ ¥ %
CVP 0-5 cm: IVC totally collapses on inspiration and is <1.5 cm in diameter
CVP 5-10 cm: IVC collapses >50% on inspiration and is 1.5 to 2.5 cm in diameter
CVP 11-15 cm: IVC collapses <50% on inspiration and is 1.5 to 2.5 cm in diameter
CVP 16-20 cm: IVC collapses <50% on inspiration and is >2.5 cm in diameter
CVP >20 cm: No change in IVC on inspiration and is >2.5 cm in diameter
Volume status by Caval Aorta Index
Step 1: Measure maximal internal I\VVC anteroposterior diameter (in M Mode)
Subxiphoid level in longitudinal axis
Measure just caudal to confluence of hepatic veins (~3 cm from right atrium)
Step 2: Measure maximal internal aorta anteroposterior diameter (in M Mode)
Subxiphoid region in longitudinal axis
Measure just to the left of the IVC
Step 3: Calculate the Caval Aorta Index as IVC/Ao0
CVP <7 cm H20: Caval Aorta Index of 0.72 (x0.09)
CVP 8-12 cm H20: Caval Aorta Index of 1.23 (£ 0.12)
CVP >13 cm H20: Caval Aorta Index of 1.59 (x 0.05)
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FLUID THERAPY

Hypovolemia J bk
Fluids o lealoai Ual ol il
Fluids 42} (a2 2 3Y (20
Fluids
At ol ¥ ) iy
Crystalloids
Colloids

Blood components

Crystalloids 43
Water oo o jle 4kl

Electrolytes 4 sd 48 ulag

Colloids
334 ) Anald Led 3l ge 48 il (598 Jslaa 5o

Oncotic pressure J!

e Jay
Hyperoncotic solutions
Jealy L) dpala Ll (505
Plasma expansion
L gawn oS jlie

Plasma expander

ailiidia g aall | )
Blood components
J) LY e aa el

Packed RBC's
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saa e g Saal ©
Crystalloids J) g s
Al Aty )
Na based Solutions Na free solution
Saline J Jslas 62
(el ) wlall Jslaaoa 58 Glucose (Dextrose)
Ringer sl Jslaass
fas il @il el €
Saline
U585 a g ga o (5 sianed
Ao S Jgially el g sl
Normal saline
44 0 g
Na: 154 m.eq for every litre
Cl: 154 m.eq for every litre

o s ) (Y|

Osmolality J) Wy (pii¥) g s
Fluid J 4=
154 + 154 = 308 m.osmol/Il
Osmolality Le Sl af Ly 8

o gani 038 (llie | La 00l (8 o 503 guall (5 glasa (o Cu 8 408 5 00 puall
Physiological saline
osmolality d!s s siaall (8 L 32001 (e 43 8l
.. 4Ly Tonicity J) i yel e 5 Lalaiag
«« osmolality J! AY) as gl .a
Isotonic 2
J OVl Qe b sliadn clalall W Jslaall s 005
Fluid depletion & shock

LAJAQ
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LS PR
Ringer lactate
daaa p ol
Na based solution
Sl i (5 5 L
A,
Na: 130 m.eq/L
Cl: 109 m.eqg/L
Hco3: 28
Osmolality: 274
Lo 53l dailly 38 53 (8 B8 S ()5 00
Plasma Na: 135 - 145
Plasma CI: 95 - 105
Plasma osmolality: 275 - 295
JI e 438l
Fluid of choice
b pddiiy (Saa
Situations

I adiy Lay y o) Ama

Normal saline
oY) (iany &
Tonicity J 4wl
-]

Isotonic solution

... SIMPLE AND PRACTICAL
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faly¢ 5 Saline d da v
Lk Y
23 3=l Saline J!
Isotonic solution
Cllaall g Clddinal 8 8 giall 03
Allia o1
Hypertonic saline
Sle 2 )sIS + e asdpadadon
Sl
High osmolality
High tonicity
Hypertonic saline (3%)
I o) il L

Normal isotonic saline 0.9%
JosShae b v

Hypertonic saline?
Na: 513
Cl: 513
Osmolality = 1026
Tonicity: hypertonic
Glall (8 5 pladinl ad oa ks
Symptomatic hyponatremia
J 8 pdin Vs
Dehydration
N
Hypovolemia
EL|

... SIMPLE AND PRACTICAL
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bl ub ©
Isotonic saline
Hypertonic saline
43 A
Hypotonic saline
% 0.9 (o J8 38 5 058 02
A
Hypertonic: 3%
Isotonic: 0.9%
¢ o\S Hypotonic J &
0.45 %
Jl o iz
Normal isotonic saline
o gams 08yl
Half normal saline
QS 8 58 55 A
4anl normal J' @
Quarter normal saline
A Gle e pae Ao (e 52 dillaall oDl
Half normal saline

Na: 77
Cl:77
Osmolality: 154

Hypertonic J) sSe aS1 4aladin

Hypernatremia J/ (& aadiun Sy

Cppdrg As i
Half normal saline is used in the treatment of hypernatremia
aay

Hypotonic solution
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e kb v
Dehydration
Fluid deficit
¢ Jslae il (e
Normal saline
Isotonic Jslss o 3Y
Ll 65
¢ ) (8 sie a5 geall da (8 SO Gilery Lo Glie 43kl 3 ¥ 5 aglle Gl 4 (Al 6 500 seall 40aS leS
sdic (e (e AN U
Isolated water deficit
sk oS (lie
1-2 litre 0.9% salines (bolus)
¢ Saline J ¢ W Jany A4yl s
J (b dimdy aaa e
Intravascular compartment
& dAamdie jpeae
Interstitial compartment
JI AlShe Y gllaall o2

Volume depletion (dehydration)

Mainly in vascular compartment

¢ iyl ol il v
sdic 6 Ly yall
Volume depletion
Diarrhoea 4:
J oY
Diarrhoea = Bicarb loss
Sle it el
HcO3
gl i b HCO3 J) (ami s il saall (a s2ia Lglie L
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bﬁ.ﬁh‘j}lgja \/

Volume depletion due to vomiting
¢ Ayl ad )
Saline (normal saline 0.9%)
JI Qe 2
Vomiting = loss of HCL (loss of chloride)
Saline has 154 m.eq Cl

Jdﬁ@\@\@\gﬁk v

Maintenance fluid therapy

J et L Wlle jaa 8 Uas

Normal saline
D5w

J e 13k
Glucose solution
4 b g 53l L sl Maintenance J) gas siall v/
J) lias
Water, Na, K, Cl and Glucose
52 waliall IS Walaa g dpe zline o pdy o JSL (a0 Lo (A Gy pall Y
U Ae ke
e Maintenance J! e A0 Ul
Bolus (deficit therapy)
J) adedl Jlia 80X (jlLie
Maintenance fluid
o e (S
NPO (nothing per oral)
Dehydration e s
Maintenance J) aluwai & e
$ 1)) L
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Maintenance J! clus (i jla A bk
Jdl @b e
Fluid chart
o
Rough calculation
¢ 4)) zline anall ell iy
2 L water /day
Na: 154 m.eq
K: 40 m.eq
Glucose (dextrose):100 gm
Y sl aala Gl xS jlie
2 Litres dextrose 5% mixed with 0.45% saline
+20 meq k for each litre
Glucose 5%

?@\&c.ﬁ

an © me 558l Jalaa Voo S ia
J iy

(,,;Yo < - s O
a0 <o il By
2litre has 100 gm glucose
< jial 4y Gl
Half normal saline
a8 aal gl pll) lie
77 meq Na
e Ul
154

M}ehbu)ﬂ\'ﬁgd\)l@u
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a4z yh v
Al
Normal saline one litre alone

+
Glucose 10 % one litre alone

Jslae JS e paalisy Jsaal ¥ e
Rate: 85 ml /hour
Litre of 0.9% saline --> 154 meq Na
Litre of Glucose 10% --> 100 gm glucose

aa ‘_g b\.\-&j‘ 0a ‘).IA\X'U
S 3l 4 aiie aai o2 < half normal saline + Glucose 5%4: I aUaill

siie Lo Lial

Half normal saline

Jl e alSiia | i) v
Glucose solution
Crystalloids J! g5l asl ea
G5 S dae (B 00
OsSslall e ad U5 ) uda
I Vs AS Y sanpa¥s
Gl S i ad s ol
Laada o )

Glucose 5%

IS o) sliza s g
O5Ssla an 0 agd oy e
falS 48 Osmolality J)

278
ahiaa 5

Hypotonic solution
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Gluocose 10%
OSslaaa Ve agdan ) e s S
Isotonic solution —aias »2
Glucose 25%
DsSslaan YO agdan Yo n S
Cilima 03
Hypertonic solution
5% & 10% 52 LA siall laila
Glucose 5% w3l g da
Dehydration z3\e 4

ol cm
J oo HlSL Ul
Deficit therapy
Tad . %5 SsSsla adina Y
deficit J zlaw a4y

We need isotonic
ala
Circulation J) (8 Juasi 4als (pysle AV e Ja
Slo gidmale) 45 Wl oa Glucose JV o)) s sahaddl 5 & aaY) il

Intracellular compartment

dl b duatny ) 4ie ilE
Intravascular compartment

Dehydration J! (fisbay L b
4 4lel e Dehyration J) oY
Intravascular compartment
Silasy lag
Intracellular dehydration
Dehydration J) (s 4diall <Y 4 Y)
DKA & HHS JV )
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2=l Dehydration J) el caulia ye 35S skal) 03
Saline s caulidll
Saline 0.9% solution is the fluid choice in treatment of
-volume depletion ( dehydration)
-all types of hemorrhage
-All types of shock

Used as adjunct in maintenance fluid therapy

Glucose solution
oe ooke Jslaa Y sala
Water + glucose
“an gleal (Saa 0
Hypoglycemia (better 25% > 10 > 5)
s <« maintenance J) @ 2ol 43 (Saa

Glucose (fuel)

ponlisdl g el dslae e
S aaiiug (Sae | yudl
Dilutional solution
s Y L3l (8o g0 guall 58 5 caddn UL 5 (alld 6 0 sa (5 seade 43Y
Free water without Na
J zle S i Jull
Hypernatremia

A1) AL 828 2z 4l 681 52




DR. HOSAM MOKHTAR WATER BALANCE& FLUID THERAPY ... SIMPLE AND PRACTICAL

J) s, Ll
Crystalloids
Leolaladinl g Lee) 53l L e
JV 4l
Colloids
crystalloids Ju 43l (L le 5 o) sl ddagle ) 45 2 Jidlas (52
Colloids: are hyper-oncotic solution that has the ability to stay in the vascular compartment, so
they are called plasma expanders

Tl )

Hesterild: siwgd)

Or
Voluven
Haes -steril (voluven)
O O 5Se
Hydroxyethyl starch in isotonic saline
el aalasi)
BIRTIVNPTS
Crystalloids in hypovolemia if hemodynamics is not corrected
Aua o) alglarcall J ey pa el 5 zde Jslae 2dln ay jall ¢ g
Signs of shock

Jean 98 ) gaa 5

Risk of acute kidney injury in cases of shock in some cases
¢ shock J) s bl e e J slasa eldac | Jumd¥) UL 5 (bl ja il (g0) aadiul

P

Hemorrhagic --> Saline + Packed RBCs

Septic: saline + vasopressors (inotropes) + Antibiotics

1
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O gl

Albumin is important colloid
aﬁd.'u: A\ u.uu\ (.é ‘Amﬁ” Aaladtal ‘_é.\ 8
Hypoalbuminemia particularly the liver disease
O e Ml 5 ol 51 (e ¥ by 43Y
Oncotic pressure
Diuretics caexiiul sl Lgie b
Oy Glaad)
03 28l (s 3o o) (g
Dehydrated (hypovolemic)
Crystalloids 4l <y ylaual
Ascitis J1 5 eab ) Uie ) 52 L damsa
Ol olra 53 oY (55l Gy 5 L
403 gala
sdie (A (g yall
Hypovolemic shock
sle abai oo )
Vasopressors (inoptropes )
Jaxly (53 49 50Y) Y Jazall &8 )
More tissue hypoxia«
MUSM}G‘AN\LA‘; HR d‘.ﬁj)ﬁh}
Arrhythmia gl
98 el Lealading
Septic shock in conjunction with saline
J ba pad
Noradrinaline (better than) dopamine
Dobutamine is used in cardiogenic shock

Blood products

v" Any case of hemorrhage with hypovolemia must be corrected with Saline + packed RBCs

v" Liver cell failure with hemorrhage corrected with Packed RBC + FFP (for coagulopathy)

+ saline
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L2 Lol

¢ &35 Fluids J) 1))

Mas age & 52 5
w5 OsSsla sl ety o) e Jslae S ) g Le Jslae (i 3 g2 Wl
J b dmtn Jolaadl IS b s 5
Circulation (vascular compartment)
A JAamdie e A Y
Interstitial compartment

&
Intracellular compartment??

«geﬁq}d\@s%j

A b 4o g an s Jlaall s Calidy o i gl v
Crystalloids

Or
Colloid

AT

DAl (g pall ol ing
Normal Saline 0.9% (1 L)
J sl g osin
Water compartments?

J e o g st 4pasll JS Y )
ECF compartment
ICFJ) Jaa st 4 adaii i
J o Hsim oa Jal&ll gll) 5 LG

Vascular compartment
&
Interstitial compartment

ECF volume
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Ol G e S
Water in vascular compartment = 1/4 of Water in ECF
Water in interstitial compartment = 3/4 of water in Water in ECF
Vascular compartment
e YEA Llally ccon elall Jslaa (e 5l oy 230aa

J s Sl o)) il

Interstitial compartment
lle VO Lkl

N e¥la abaaa v
Dehydration & hypovolemia and bleeding
Jl & ailie A
ECF volume not in ICF
I sl eladal) 02X liie

Normal saline as a first line and fluid of choice in all hypovolemic patients even in bleeding

interstitial compartment J 8 03l ) 4w aadie M il v

BTS
Liver cirrhosis with LCF
CHF
) AaaS e OIS a6V e J glaa agianl 1 J 50
Plasma volume
J OV s B sl w (e
Interstitial compartment
ce Slad yiS)a s laall 5 o5 2 3ia Anall (Ul g cc anasll o)l b5 aala
(¢ Js3 (i pall 4 (g phaiaa o5 Ll A
o2 ASae CliaS JBL By
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Ringer lactate J! 4l
Lalally wlall Jsbae dny ) 55 5 £ D5
1/4--> plasma
3/4 --> interstitial
su il il Sy
752 ml --> for interstitial compartment
248 ml --> for vascular compartment
ECFé 41
Gl (g sada gall G Janaa
Water excess in interstitial compartment
JI SVl G eany LA (U5 mlall J slaad i) Jslaall s ey )l oS (lie
Hypovolemia & dehydration & bleeding

0 HSshall v
Glucose 5% (dextrose 5% in water)
LCF & CHF
alida &sd
2/3 of litre --> for ICF
1/3 of litre for ECF
OIS Sle g s
TBW (ICF + ECF)
ICF = 2/3 of TBW
ECF =1/3 of TBW
Uz s
1/3 of litre of D5W
ECFJl gl
Jhom S sie
Plasma & Interstitial comp

1/4 of this amount --> for plasma

3/4 of this amount for interstitial compartment
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A e lerand
1 litre of glucose 5% Gives

664 ml (2/3) for ICF
&
336 ml for ECF

ECF = (plasma + Interstitial)

= 84 ml for plasma (1/4 of this amount)

= 252 ml for interstitial (3/4 of this amount)

J B S sl o) panyolid e Moy da v
Hypovolemia & dehydration & bleeding?
ICFJ! Joasia (A 4pasll 4puilly aliia interstitial J iy L Sll Joa gia M LSl Y L Y

6o A 3 Lilgs A | gmaaiy e elalall oS lic

¢ anadind el Jls)
agy) sl
o Correction of hypoglycemia (25% & 10% are better)
o Maintenance for fluid (not as a deficit for dehydration)
Usually With saline for cases of intracellular dehydration
o DKA & HHS after the Gluocose reaching <250
After correction of ECF volume by Normal Saline
Coose Qlf o)A yay ped) Joh vV
L aysi gl e Y Llle
Indicated 058 oY Laska G

da )Y Osn Al i

$ Ol b v
Albumin
Crystalloid _is »2
JsSstadls bl s mlall Jslae 55
Albumin is a colloid solution
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Mia 70 (pa gl S a8 Gy pall 51 Jle
ECF J (& Jeady e J gana 02
J B oSt il
Plasma > interstitial
48l oA 8
Suction force
X J s i e (5 )

T e ) s
- O for ICF
- 1000 for ECF
900 ml for plasma
100 ml for interstitial

o sam 05 lic
Plasma expander
[oie (sla olingd La Ui jae 5 03 mellaaall Ly 8 LIS
70 e sl ide laila
%Y + 25 sall (e sl

$ il g ool
YIS £ 5 sid 4be JalS i 231 (g 5all ]
e interstitial 3z s adaii (fnda 45 ; olalaall
) e i Ly Laiia 4gall uSally
Interstitial to plasma
Interstitial J) e Gl (e Yo r v agle Jaatia 5 L 5300 (8 JalSIL Juadaa (all) ) e alY)
Jogla elalall 28 lic
Fluid of choice in liver cirrhosis
J oY
LL edema & ascitis
Jsall & yae s Al sae Lisas Ulis g sas gl anle (i

J b
High plasma volume
¢ Ol amy Al iy pa e il e o
sdic 03 ay yall Y Y
Low effective circulatory volume due to low albumin
¢l ¢ g gall Ml
zhaiin il La sead s organs J JS gL perfusion J eaS Gu e
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Important hints on hypervolemia

Ja
Liver cell failure & Nephrotic syndrome Are volume overload states¢

Vascular compartment

Hypovolemic iz
o Al
Shift of fluids from vascular compartment to interstitial compartment
Due to hypoalbuminemia
(e A 0 48 (S
Increased Na & water in the body due to RAAS activation

At 0l
Low albumin --> low effective circulatory volume
+ Activation of vasodilators (e.g nitric oxide) ---> reduction of renal blood flow ---> renin
release. --> RAAS stimulation ---> Salt & water retention

RAAS : Renin angiotensin aldosterone system

Clala £ 2l 0 lie

-Salt restriction ( Na)

- Spironolactone ( anti- aldosterone )

-loop diuretics ( to remove excess fluids in interstitial compartment )
-Albumin (it is a must)

J b
Nephrotic syndrome?
gyl lgdy ok
Albumin (protein) loss from kidneys --> low oncotic pressure

Ttt:
Cause = steroids + immunosuppressive drugs

+

Diuretics (mainly loop)
-

Drugs that | protein loss (ACEI)
Albumin is not a must
Q: What about Heart failure??!!
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Q:
50 years old man admitted to the internal medicine ward for evaluation of new onset of
pancytopenia
Vital signs: normal
JVP: normal
The patient is alert & not confused
No signs of dehydration
Heart, chest: free
No LL edema
All chemistries :
RFTs, LFTs, electrolytes are normal
Apart from specific management & investigations for pancytopenia,, What is your plan to
maintain his fluid balance ?!
o=dla 5 Kb 5 oy
saic (AN ey yall
Intact thirst mechanism
Conscious
U sina g
Volume status abnormalities
Normal kidney function
Normal electrolytes
NPO (e OlaS
Zlsaa iy JSL ey ey
A e
Once the patient is concious and normal intake
dansn Uil 58
Automatic
Fluid balance
03 ol
So no need for fluid
c¢ Jillaa Cpaling (e ¢c oS Linie 4all) and C¥ ale
2 Criteria JI agle cisidail

Key message :

It is mandatory to assess the fluid status and the need for fluid balance in any hospitalized

patient and you have to manage only if needed otherwise, no need for unnecessary fluids
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Q:
23 years old female came to the casualty and complains of dizziness and headache
She was concerned about hypotension as the ultimate cause for her symptoms
So, she needs IV fluid upon which she gets relief when she takes it
On exam
BP: 90/60
No orthostatic changes
Pulse: 70
Normal capillary refill
Normal JVP
No signs of dehydration
How would you manage her?!
¢ Hypovolemia slixs (il 4l baauall Ja
¢ o uilSaall 4 5 ¢ Taxacall ad bl sl Dad Ja
No orthostatic changes,
Normal jvp,
No signs of dehydration
So, no hypovolemia
Normal saline may elevate bl pr slightly as it has the ability to stay intravascular if compared e
other types of fluid
Mas Jas 428 50 8 1) o
sic (o ya sl b
Hypertension
gline Ciigll i b5 e abaria
Fluids
¢ Lo

¢ larall o1& ) (e AT Y 5 alisl Ja
Ll a8 &5 < diuretics (i 5SS
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Q:

50 years old man was admitted in ICU due to pneumonia complicated with sepsis

He was received antibiotics, fluid therapy with fluid balance

Oxygen therapy

He has bilateral LL.edema

One of the junior doctors started to give him diuretics for LL edema while he is in ICU

Is it right? Or wrong? And why?
Answer: Wrong.

The Patient is in sepsis. So fluid therapy is mandatory
No diuretics now
It worsen the case

Edema is not an urgent life threatening condition, so its treatment can be postponed later on

Q: 47 years old man, known to have liver cirrhosis came in hepatic encephalopathy grade 3

On exam :

He is dehydrated

Flat JVP

BP: 90/50

Abdomen: tense ascitis

LL: pitting edema

Apart from medications for hepatic encephalopathy, enemas
Would you give him fluids?!

Answer: this patient sure needs fluid.

He is dehydrated. Balanced maintainance plus correcting deficit
Saline even it may worsen ascites but it's not life threatening
And also this patient should be given albumin
It will help in correcting dehydration
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What kind of fluids would you give to him?
Saline or ringer even
In maintenance glucose 10% added as one litre
With one litre of saline
2 amps K with each litre
Ascitis J) 8 s dillae saia Ay
Dehydration is more fatal than ascitis
J) hain gl i i g
Low oncotic pressure
Then fluid chart

J i pigle S
Maintenance fluid therapy
Rough 44 k.

f a8 AW
25 30 ml/ kg
a5 (A Lot i Wl

Average weight 80 kg

asll (A line 4830
2000- 2400 ml
Maintenance J alaze Slad
¢ oS o dnuady
o el )
Frail or elderly or
Has an early stage of HF or CKD
RN
20 ml /kg
Rough s2 bl

o cliblaa o)) Sl e ]
JSlSll il I Oiala Jead (San
CVP monitoring (target 8 — 12)
Fluid chart
Input = urine output + insensible loss (30 - 50 mi/hr)




