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Total body fluid

● Intracellular fluid 

● Extracellular fluid
● Interstitial fluid
● Intravascular fluid





Fluid Replacement(Holliday 
sugar)

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

● Deficit
● NPO time* maintenance

● Loss
● Thirdspace loss
● Blood loss



Maintenance fluid solution

● Adult daily sodium requirement      = 75 
mEq

● Adult daily potassium requirement = 40 
mEq

● Dextrose solution ; indicated  neonate, 
infant, patient on insulin therapy

● Most intraoperative fluid losses 
isotonic!

● The most commonly used fluid  LRS !



Replacing blood loss

● Blood loss  crystalloid or colloid 
solutions

 to maintain intravascular volume

 normovolemia

● Crystalloid3-4 : 1(Holliday Segar)

● Colloid  1:1

● Transfusion point  packed red cells IV



ในปัจจุบนัเราจะนิยมใชเ้ป็น
Goal directed fluid therapy  





Timothy E. Miller, Paul S. Myles; Perioperative Fluid Therapy for Major Surgery. Anesthesiology 2019

Goal directed fluid therapy









Transfusion point

● Hematocrit = 21 – 24 %

● 30% elderly, cardiac, pulmonary 
disease

● Estimated allowable blood loss (EABL)

● EABL = Hct starting – Hct allowable x BV

Hct starting + Hct allowable / 2

# Serial hematocrit

# Blood volume(BV) ; M=75/F=65 mL/kg







FLUID

• CRYSTALLOID

– ISOTONIC

– HYPOTONIC

– HYPERTONIC

• COLLOID

– Colloid ตามธรรมชาติ

– Colloid สงัเคราะห์



● 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 
isotonic

● The most commonly used fluid  lactated 
Ringer’s solution

Crystalloid solutions

















COLLOID

แบ่งตามแหล่งก าเนิดออกเป็น 2 ชนิด ไดแ้ก่
• Colloid ตามธรรมชาติ

– Plasma protein solution

– 5% & 25% Albumin

• Colloid สังเคราะห์
– Dextran

– Gelatin

– Hydroxyethyl starch (HES)



5% & 25% Albumin

• นิยมใชใ้นรูป 5%&25%, Half life 15 วนั
• ขอ้บ่งใช้

– ทดแทนโปรตีนในผูป่้วยท่ีสูญเสียโปรตีนทาง
พลาสมา เช่น ไฟไหม/้น ้าร้อนลวก

– ใชเ้พ่ิมความดนั Osmotic

• ขอ้ควรระวงั ความดนัเลือดต ่าจากหลอดเลือดขยาย





Dextran

• นิยมใชใ้นรูป 6%&10%, Half life 4 ชัว่โมง
• ปริมาณไม่เกิน 1.5 กรัม/กก./วนั
• ขอ้บ่งใช้

– ลดความหนืดของเลือด
– ใชเ้พิ่ม Circulatory volume

– มีฤทธ์ิ Antithrombotic

• ขอ้ควรระวงั Anaphylactoid, Volume overload, ไตวาย, 

บาดแผลมีเลือดออกไม่หยดุ





Gelatin
• นิยมใช้ 3 ชนิด

– Oxypolygelatin ; 3% Gelifundol

– MFG ; Gelofusine

– Polygeline ; Haemaccel,  Half life 2-4 ชัว่โมง
• ขอ้บ่งใช้

– ใชเ้พ่ิม Circulatory volume

– ใชท้ า Hemodilution, Plasma exchange & Hemodialysis

• ขอ้ควรระวงั Anaphylactoid





Hydroxyethyl starch (HES)

• ท าจากขา้วโพดและถัว่เหลือง, Half life 6

ชัว่โมง
• ขอ้บ่งใช้

– ใชเ้พ่ิม Circulatory volume

• ขอ้ควรระวงั Anaphylactoid, False positive 

agglutination,AKI







Electrolyte Composition in Body Fluids

PLASMA    INTRACELLULAR    

EXTRACELLULAR     

(mEq/L)       FLUID (mEq/L)        FLUID (mEq/L)

Sodium                142             10                 140

Potassium             4              150                 4.5

Magnesium            2               40                   2

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 = EDV x (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 

substrate to cells

Cellular injury and 

dysfunction

Death

Multiple organ failure (MOF)

Release of inflammatory 

mediators

Functional and structural change within 

microcirculation



CLASSIFICATION











Management

•Airway

•Breathing

•Circulation



Airway

• Endotracheal intubation : best way to control airway

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

„ 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” 






