FLUID & ELECTROLYTES
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Total body fluid

. Intracellular fluid

. Extracellular fluid
Interstitial fluid
Intravascular fluid




Body fluid compartments

=0
o
-
-—




Fluid Replacement(Holliday
sugar)

. Maintenance
0-10 kg = 4cc/kg/hr
10-20kg = 2 cc/kg/hr
120 kg = 1cc/kg/hr

. Deficit
NPO time* maintenance

. Loss
Thirdspace loss
Blood loss




Maintenance fluid solution

. Adult daily sodium requirement =75
mEgq

. Adult daily potassium requirement = 40
mEgq

. Dextrose solution ; indicated 2 neonate,
infant, patient on insulin therapy

. Most intraoperative fluid losses >
isotonic!

. The most commonly used fluid > LRS!



Replacing blood loss

Crystalloid>3-4 : 1(Holliday Segar)
Colloid > 1.1
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Goal directed fluid therapy
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Goal directed fluid therapy

1. Masimine precgeialive [ashing bmes. Encourage mmmummmznmmmﬁ"

2. Pussive bag rasing followed by maasuwermant of blood pressure of (deally) sttoke woiume is a useful 1651 for peedicting Nuid resporssvenisss in hemodynasically
urstable adults theoughaut the pesioperatre period ©

3. Aiem for a moderately liberal IV Thod regimen with an overall positive fluid balance ol 1-2 1 al the end of surgery.® For major abdominal surgery, an average
crystaliodd fukd infesion rate of 10=12mi - bg~' - b~ during suegery, and 1.5mi- kg™ - hr' in the 24-h posiopesaties period should be used.

4. Ensure that intravascular volume status i opdmized before adding vasopeessor theragy.

5. Lise an advanced hemodyramic monilor 1o measure fuid respofrsivenssss in highar-risk pabients having magor surgery,

6. Agoal-tirected hemadynamic stralegy sy pesiorm betber il & patent’s IV Thad stals. i fest opbmized, and # nesdad, niroduce & vasopdessor of motrope ¥

7. 8 uncledr whether crystalied or colloid shauld be primanty uwsad for peroperalive fuid resasciaion

B. i for early ransition from N o oral Buid thetagy after surgery fusually within 24 h).'2

I, brfravenous.

Timothy E. Miller, Paul S. Myles; Perioperative Fluid Therapy for Major Surgery. Anesthesiology 20



Preoperative
Encourage drinking clear fluids until 2 hours before surgery

Intraoperative
All patients should have a fluid and hemodynamic management plan

Aim for 1-2 liters positive in major surgery
Maintenance crystalloid; crystalloid or colloid for fluid boluses

Optimize volume first then add vasopressors as needed

Use goal-directed therapy for moderate to high-risk patients

Postoperative
Early transition from IV to oral fluid therapy

Remove IV lines as soon as possible




LIDCO Rapid

Example of Adult Phid Challenge Guidelines:
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GDT

“The volume of Lactated Ringer’s solution required
to maintain preload and cardiac index during
open and laparoscopic surgery”

oPEN: ~6 ml/kg/hr

LAPAROSCOPIC: ~ 3.5 ml/kg/hr

(Concha, Anesth Analg 2009;108:616-21)




Transfusion point

21-24 %
30%
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FLUID

« CRYSTALLOID
— ISOTONIC
— HYPOTONIC
— HYPERTONIC

« COLLOID

— Colloid anusssuva

— Colloid dviasn=ri



Crystalloid solutions

. Normal saline, balanced salt solutions ;
lactated Ringer's and acetated Ringer's

. Intravascular half-life of isotonic
crystalloid solutions = 20-30 minutes

. Most intraoperative fluid losses >
1Isotonic

. The most commonly used fluid > lactated
Ringer’s solution






Isotonic Hypertonic

solution Hypotonic solution
solution
_ Interstitial
:m:;‘m‘.' Interstitial fluid
fluid
No net Net osmosis

oOSMOsis

Net
CSmoss Intracellular
Intraceliular 1 Intraceliular fluid

fluid fiund
Figure 3-2. Isotonic solu- Figure 3-4. A hypotonic
tions do not result in any signifi solution given IV will cause

cant fluid shifts across cellular fluids to leave the vasculature
or vascular membranes. for the interstitial and intra-

cellular spaces.

H,O

Figure 3-3. A hypertoni
solution given IV will draw
fluids from the cells and
interstitial spaces into the
vasculature.




fiSotonic saline(0.9 % NS)

: Na 154 mEq, Cl 154 meq

: provide major EC electrolytes..
corrects both water and electrolyte deficit.
| increase the iv volume substantially

Avoid in pre eclamptic patients, CHF, renal disease
and cirrhosis

Dehydration with severe hypokalemia - deficit of IC
potassium

Large volume may lead to hyperchloremic acidosis.




lndications

& Water and salt depletion - diarrhoea, vomiting,
excesswe diuresis
ol ypovolemlc shock

losis with dehydration

& Severe salt depletion and hyponatremia
@ Initial fluid therapy in DKA

@ Hypercalcemia

@ Fluid challenge in prerenal ARF

= Irrigation - washing of body fluids
= Vehicle for certain drugs




Ringer's lactate

7*=Na, k , cl, lactate , ca

'each?100 ml sodium lactate 320 mg, Nacl -600mg, kcl-
40mg, calcium chloride 27 mg

Most physmloglcal fluid , rapidly expand s iv
volume..

Lactate metabolised in liver to bicarbonate
providing buffering capacity

Acetate instead of lactate advantageous in severe
shock.




» Correction in severe hypovolemia
» Replacing fluid in post op patients, burns
» Diarrhoea induced hypokalemic metabolic

‘acidosis

Fluid of choice in diarrhoea induced
dehydration in paediatrics

DKA , provides water, correct metabolic acidosis
and supplies potassium

Maintaining normal ECF fluid and electrolyte
balance




Composition of commonly used intravenous fluids: Crystalloids

g/l
mEY/ Dextrose
Intravenous fluids MOsm/I* Na- CI° K Ca Lactate (g/l)
5% Dextrose in water (DSW) 278 50
5% Dextrose in 0.45% NaCl 405 TS 50
5% Dextrose in 0.9% NaCl 561 154 154 50
5% Dextrose in Ringer’s solution 5235 130E) S109 4083 50
Ringer’s solution 309 147 156 4 4-45
Lactated Ringer’s solution 27 130 109 4 3 28
5% Dextrose mn Lactated 525 130 109 4 3 28 50
Ringer’s solution

Plasmalyte” 298 140 98 5
0.45% NaCl 154 THAR LT
0.9% NaCl 308 154 154
3.0% Saline 1026 SR
5.0% Saline [710 855 855
7.5% Saline 2566 1283 1283
20% Mannitol 1098




COLLOID
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. Colloid MNTITTUEIN

— Plasma protein solution
— 5% & 25% Albumin

Y Jd
o Colloid atAIIEH

— Dextran
— Gelatin
— Hydroxyethyl starch (HES)



5% & 25% Albumin

Heulalugi 5%&25%, Half life 15 Ju
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Dextran

a Y . @
v lalugi 696&10%, Half life 4 92 T
e 1nu 1.5 nsu/nn./u
9 1 9
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— GlGlgf}L‘vc\iiJ Circulatory volume

_ fign3 Antithrombotic

VOAITTL I Anaphylactoid, Volume overload, Ulmm,
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Gelatin
~a 9 "
. Yeuly 3 ¥Ua
— Oxypolygelatin ; 3% Gelifundol
— MFG : Gelofusine

— Polygeline ; Haemaccel, Half life 2-4 %73 134

9 I 9
e YD1l

v A
— ey Circulatory volume

~ i Hemodilution, Plasma exchange & Hemodialysis

. 0A255239 Anaphylactoid




HAEMACCEL

Globally most accepted colloid




Hydroxyethyl starch (HES)
o 9 Y, A ]
¢ 11910V INALAZUYIAeY, Half life 6
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S CASTHY Circulatory volume

. YAI5IL N Anaphylactoid, False positive
agglutination,AKI
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Compositon of commonly used infravenous fhids; Coloids
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mig) — Osmolarly®  Oncotc preses
Intravenous fluds Mo 0" K G m0m)  (mmke
Fresh-frozen plasma o8 76 32 82 ~0
% Albumin M09
Dextran (10%) 40 1n 0.9% salme 154~ 154 0 ol
Dextran (6%) 701m 0.9% saline 154 154 0019
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Electrolyte Composition in Body Fluids

PLASMA INTRACELLULAR

EXTRACELLULAR
(mEg/L)  FLUID (mEg/L)  FLUID (mEg/L)
Sodium 142 10 140
Potassium 4 150 4.5
Calcium 5 1 5
Chloride 103 103 117

Bicarbonate 25 7 28



Definition

* Shock

—State of cellular and tissue hypoxia
« Reduced oxygen delivery
« And/or increased oxygen consumption
» Inadequate oxygen utilization



Physiology

BP = cardiac output (CO) x systemic vascular resistance (SVR)

— CO = stroke Volume (SV) x heart rate (HR)
BP =SV x HR x SVR
— SV = end diastolic volume (EDV) — end systolic volume (ESV)

BP = (EDV — ESV) x HR x SVR

— BP=EDVx (EDV-ESV)/EDV x HR x SVR

— ejection fraction (EF) = (EDV-ESV)/EDV

BP =EDV x EF x HR x SVR

Blood pressure = preload x contraction x heart rate x afterload



PATHOPHYSIOLOGY

Inadequate tissue perfusion

Inadequate delivery of oxygen and
substra@to cells
Cellular injury and
dysf@ction
Release of inflammatory
med'@tors

Functional and structural change within
microci{ﬂ;'ulation

Multiple organ failure (MOF)



CLASSIFICATION

TABLE 12-4 R& CHIC00 B []d

Type Hemodynamic Changes Etiologies

Hypovolemic (| Decreased preload, increased SVR, Hemorrhage, capillary leak, Gl
decreased (0 losses, burns

Cardiogenic Increased preload, increased afterload,] MI, dysrhythmias, heart failure,

| increased SVR, decreased (O valvular disease

Obstructive Decreased preload, increased SVH,J PE, pericardial tamponade,
decreased CO tension PTX

Distributive Decreased preload, increased SVR,] Sepsis, neurogenic shock,

mixed CO

anaphylaxis

Abbreviations: (O = cardiac output; Ml = myocardial infarction; PE = pulmonary embolism; PTX =
pneumothorax; SVR = systemic vascular resistance.



Classification of shock

-——__________________________________________________________________________________________________________________________________________________________________|

Septic = Gram positive (Pneumococcus, Staphylococcus, Streptococcus, Enterococcus, Legionella,
Listeria)

= Gram negative (Klebsiella, Pseudomonas, Escherichia, Haemophilus, Neisseria, Moraxella,
Rickettsia, Francisella [tularemia]l)

= Fungal (Candida, Aspergillus)

= Viral (influenza, cytomegalovirus, Ebola, varicella)

= Parasitic (Plasmodium, Ascaris, Babesia)

= Mycobacterium (Mycobacterium tuberculosis, Mycobacterium abscessus)

Distributive Non-septic = Inflammatory shock (systemic inflammatory response syndrome) - burns, trauma,
pancreatitis, postmyocardial infarction, post coronary bypass, post cardiac arrest, viscus
perforation, amniotic fluid embolism, air embolism, fat embolism, idiopathic systemic
capillary leak syndrome

= Neurogenic shock - traumatic brain injury, spinal cord injury, mitochondrial dysfunction

= Anaphylactic shock - bee stings, food and drug allergies

= Drugs and toxins - vasodilatory agents (eg, overdose narcotics), insect bites, transfusion
reactions, heavy metal poisoning, toxic shock syndrome, carbon monoxide and cyanide
poisoning.

= Endocrine shock - adrenal crisis, myxedema coma




Cardiogenic

Cardiomyopathic

Arrhythmogenic

Mechanical

Myocardial infarction (involving >40% of the left ventricle or with extensive ischemia)
Severe right ventricle infarction

Acute exacerbation of severe heart failure from dilated cardiomyopathy

Stunned myocardium from prolonged ischemia (eg, cardiac arrest, hypotension,
cardiopulmonary bypass)

Advanced septic shock

Myocarditis

Tachyarrhythmia - atrial tachycardias (fibrillation, flutter, reentrant tachycardia), ventricular
tachycardia and fibrillation
Bradyarrhythmia - complete heart block, Mobitz type II second degree heart block

Severe aortic or mitral valve insufficiency, acute valvular rupture (papillary or chordae
tendineae rupture, valvular abscess), critical aortic stenosis, acute or severe ventricular
septal wall defect, ruptured ventricular wall aneurysm, atrial myxoma




Hemorrhagic

Trauma, gastrointestinal bleeding (eg, varices, peptic ulcer), intraoperative and postoperative
bleeding, ruptured aortic or left ventricle aneurysm, aortic-enteric fistula, hemorrhagic
pancreatitis, iatrogenic (eg, inadvertent biopsy of arteriovenous malformation, or left
ventricle), tumors or abscess erosion into major vessels, postpartum hemorrhage, uterine or
vaginal hemorrhage (eg, infection, tumors, lacerations), spontaneous peritoneal hemorrhage
from bleeding diathesis

Hypovolemic
Non- Gastrointestinal losses (eq, diarrhea, vomiting, external drainage); skin losses (eg, heat
hemorrhagic stroke, burns, dermatologic conditions); renal losses, (eg, excessive drug-induced or osmotic
diuresis, salt-wasting nephropathies, hypoaldosteronism); third space losses into the
extravascular space or body cavities (eg, postoperative and trauma, intestinal obstruction,
crush injury, pancreatitis, cirrhosis)
Pulmonary Hemodynamically significant pulmonary embolus, severe pulmonary hypertension, severe or
vascular acute obstruction of the pulmonic or tricuspid valve
Obstructive
Mechanical Tension pneumothorax (trauma, iatrogenic, ventilator-induced), pericardial tamponade,

constrictive pericarditis, restrictive cardiomyopathy
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Management

* Airway
* Breathing
* Circulation



Airway

e Endotracheal intubation

Adverse effect
1. Sedative drugs (facilitate intubation)

» Arterial vasodilatation, venodilation, or myocardial
suppression

2. Positive-pressure ventilation
» reduces preload and CO
—1+ 2 = Hemodynamic collapse
—Manage by : volume resuscitation and vasoactive agents



Breathing

 Mechanical ventilation

— Adequate oxygenation, improvement of hypercapnia, and assisted, controlled, synchronized

ventilation

— Decrease the work of breathing and improve survival

 Arterial blood gas

— Acid-base status, oxygenation, and ventilation.

* Neuromuscular blocking agents

— Decrease respiratory muscle oxygen consumption and preserve O2 to vital organs

— Severely hypoxemic due to acute respiratory distress syndrome



Circulation

e Fluids

* Vasopressors



Fluids

Large-bore peripheral venous lines

Most shock patients : Volume deficits exceptional cardiogenic shock with pulmonary

edema
20 — 30 ml/kg of isotonic crystalloid
Central line : assess volume, Scvo2, long term vasopressor route

Position

— Trendelenburg :
not improve cardiopulmonary performance
worsen pulmonary gas exchange

— Passive leg raising above the level of the heart : may be effective



Vasopressors

 Inadequate response to volume resuscitation , contraindications to volume

infusion

* Most effective when the vascular space is “full”



Commonly Used Vasoactive Agents (all vasopressors increase myocardial oxygen demand; most should be titrated to desired effect)

Drug Dose Action Cardiac Contractility Vasoconstriction Vasodilation Cardiac Output
Dobutamine 2.0-20.0 micrograms/ | B, some B; and a, in large ++++ - ++ Increases

kg/min dosages
Side effects and Inotrope only; Causes tachydysrhythmias, occasional Gl distress, hypotension in volume-depleted patients; has less peripheral vasoconstriction than dopa-
comments mine; can cause fewer arrhythmias than isoproterenol |
Dopamine 0.5-20 micrograms/ | a, B, and dopaminergic ++ at 2.5-5 micrograms/ | ++ at 5-20 micrograms/ | + at 0.5-2.0 Usually increases

kg/min kg/min kg/min micrograms/kg/

min
Side effects and Tachydysrhythmias; a cerebral, mesenteric, coronary, and renal vasodilator at low doses; Surviving Sepsis Campaign second line, lot of overlap with o/B/ |
comments dopaminergic receptors and dose; can be given through a peripheral IV
Epinephrine 2-10 micrograms/min | aand p ++++3t05-8micro- | ++++ at >8 micrograms/ | +++ Increases
grams/kg/min kg/min

Side effects and Causes tachydysrhythmia, leukocytosis; increases myocardial oxygen consumption; may increase lactate; no real maximum dose

comments
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