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Schlieffen-Plan (1905)

1. 서부방면군으로 벨기에를 통해 프랑스를 침공한다. 

2. 그 사이 오스트리아를 내세워 러시아를 막는다.

3. 만일, 러시아가 침략한다면 독일 영토를 내주고 시간을 번다.

4. 프랑스를 6주 이내 격파 후 서부군 병력은 동부전선으로 이동한다.

5. 동부방면군과 합세하여 러시아를 점령하여 전쟁을 승리한다.



Kein Plan überlebt die erste Feindberührung. 
(적과의첫접촉이후살아남는계획은없다.)

Karl Bernhard von Moltke

1800 - 1891
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History

• 1638 – William Harvey : first 

described the circulatory system

• 1832 – Physiologic saline due to 

pandemic cholera

• 1915 – James Hogan: first published 

of colloid in JAMA

• 1960 – Large volume infusion 

(crystalloid) during battlefield



Resuscitation Fluids. N Engl J Med 2013;369:1243-51.



Type of fluid

• Crystalloid

– Balanced solution

– 0.9% normal saline

– Hypertonic crystalloid (3% NaCl)

– Hypotonic fluid (0.45%), 5% dextrosie

• Colloid

– Natural agent: albumin

– Synthetic colloid: Hydroxyethyl starch (HES), Dextran, Gelatin

Normal Saline Balanced Solution

HES Albumin

Resuscitation



Fluids
Fluid pH Na Cl K Ca Mg Buffer Osmol

Plasma 7.4 141 103 4-5 5 2 Bicarbonate 289

Normal Saline 5.7 154 154 None 308

Lactated Ringer’s 6.4 130 109 4 3 Lactate 273

Plasmalyte 7.4 140 98 5 2 Acetate/

Gluconate

295

Fluid M.W. Osmotic pressure Effect Half life

5% albumin 69,000 Dalton 20 mmHg 0.7-1.3 16 hours

6% Hetastarch 69,000 Dalton 30 mmHg 1.0-1.3 17 days



Crystalloid

• First line fluid, cheap

– Initial fluid for sepsis-induced hypoperfusion within first 3 hours

– Fluid challenge on pre-renal AKI

• Normal saline (0.9% NS)

• Balanced (buffered) solution

• Hypertonic saline  (3.5%, 5%, 7.5%)

• Free in extracellular space

• Fluid distribution

– 75 %  ECF & 25 %  Intravascular 

– Plasma expansion effect ??



Normal saline

• Used for over 50 years

• No overall difference in mortality any other fluids

• Hyperchloremic metabolic acidosis

• Interstitial edema

• Really normal?  

– Neither normal nor physiologic fluid, event not balance



Chloride in fluid

• Supraphysiological concentration of chloride

• Exacerbate hyperchloremia and metabolic acidosis

• Cause renal vasoconstriction and decreased GFR

• Renal failure and RRT

• Restricting IV Cl administration in ICU  



Balanced Solution

• Mild hypotonic solution (Osmol 270 ~ 280 )

• Buffered by bicarbonate containing fluid

• Restoration of acid-base homeostasis

• Reduction of detrimental effects of infection, AKI, etc…

• Indication 

– Major surgery

– Trauma

– Diabetic ketoacidosis



Colloid

• Natural 

– Albumin

• Artificial 

– Gelatin

– Dextran 

– Hydroxyethyl Starches (HES)

• Pentastarch

• Hexastarch

• Tetrastarch



Colloid

• High molecular weight substance

– Create osmotic pressure → to keep volume in the vascular 

space

• Where the IV fluid goes?

– 30 %  Extravascular

– 70 %  Intravascular Volume

→ Plasma expansion effect↑ , volume sparing effect

1:3 ratio of colloids to crystalloids



• Natural colloid

• Antioxidant and anti-inflammatory properties

• Buffering system in the regulation of the acid–base balance

• Suggesting using in addition to crystalloids resuscitation

• Volume resuscitation of critically ill patients

– Leads to 80% initial volume expansion whereas 25% of other 

solution

Albumin

Zazzeron L. Role of albumin, starches and gelatins versus crystalloids in volume resuscitation of 

critically ill patients. Curr Opin Crit Care. 2016 Oct;22(5):428-36.



Hydroxyethyl starch

• Excretion : renal

• 6% HES 130/0.4 

– concentration/ molecular weight/ molar substitution

• Volume sparing effect d/t long half-life and plasma expansion 

1st generation

450/0.7

2nd generation

200/0.5

3rd generation

130/0.4

Low MW 
and MS



Advantages of HES

• Key role : volume expander

– Minimal fluid administration 

– Avoidance of over-resuscitation

• More effective in osmotic pressure

• Maintain of bowel function

• Patients with penetrating injury : lower morality

First report on safety and efficacy of hetastarch solution for initial fluid resuscitation at a Level 1 

trauma center. J Am Coll Surg. 2010;210(5):870–80.



Disadvantages of HES

• A systematic review and stratified meta-analysis

• Sepsis

• Resuscitation is supported by a crystalloid and eventually by a colloid 

that stays within the circulation

• Kidney injury due to renal vasoconstriction

• Increased blood loss was found among patients receiving HES

• 3rd generation HES products did not influence the results

Effect of perioperative crystalloid or colloid fluid therapy on hemorrhage, coagulation competence, 

and outcome. Medicine (Baltimore).  2016 Aug; 95(31): e4498.



FDA safety information

• RECOMMENDATION: Patients should be aware of the risks associated with the 

use of HES solutions and discuss these risks with their healthcare provider 

• Do not use HES solutions in critically ill adult patients including those with 

sepsis, and those admitted to the ICU

• Avoid use in patients with pre-existing renal dysfunction.

• Discontinue use of HES at the first sign of renal injury.

• Continue to monitor renal function for at least 90 days in all patients.

• Avoid use in patients undergoing open heart surgery in association with 

cardiopulmonary bypass due to excess bleeding.

• Discontinue use of HES at the first sign of coagulopathy.



Classic concept

• Shock

– insufficient mitochondrial oxidative phosphorylation

• Large amount crystalloid resuscitation in hypovolemia

– a ratio of 3 mL per 1 mL of blood loss

• 2L lactate solution – ATLS 7th edition 1990’s

• Continuing replacement until clinical signs return to normal

• No role defined for colloids in resuscitation

• 1990- : consider of adverse effect

Fluid management in patients with trauma: Restrictive versus liberal approach.

J Anaesthesiol Clin Pharmacol. 2015 Jul-Sep; 31(3): 308–16.



• Penetrating injury

Liberal vs restrictive

- Mortality

- LOS

- Complication

• Restrictive group



Resuscitation injury

• Reduces body temperature

• Dilutes clotting factor

• Impairs organ perfusion

• Gastrointestinal and cardiac complication

• Abdominal compartment syndrome

• Cellular dysfunction

• Fluid overload and edema lead to further edema

Traumatic hemorrhagic shock: advances in fluid management.

Emerg Med Pract. 2011 Nov;13(11):1-19; quiz 19-20.



New concept ?

• In 1918, Walter B. Cannon described the 

disadvantages of NS 

• “Not only does ordinary salt solution fail 

to combat acidosis, it actually increases an 

already existent acidosis.”

JAMA.1918;70:618–621

1871 ~ 1945



Fluid therapy

• Maintenance: which replaces the normal ongoing losses

– Formula 

• 4/2/1 rule (Weight in Kg + 40)

• 5/2/1 rule

– 100 ml/kg/day for first 10 kg (=1000ml/day)

– Then 50 ml/kg/day for next 10 kg (=500ml/hr)

– Then 20 ml/kg/day 

• Replacement: which corrects water and electrolyte deficits

– Hypovolemia, ARF, etc…

– No definitive formula for assessing the degree of hypovolemia



Background

• Since 2000s, a number of randomised trials reported that 0.9% 

saline and hydroxyethyl starch(HES), albumin, colloids, etc..

• These fluids are associated with adverse outcomes

• Geographical location : strong predictor of the fluid resuscitation 

• Overall, there is a preferential use of crystalloids, specifically 

buffered salt solutions, over colloids

Patterns of intravenous fluid resuscitation use in adult intensive care patients between 2007 and 2014:  

An international cross-sectional study. PLoS One. 2017 May 12;12(5)



Effective 
Resuscitation

Minimum tissue 
edema

Immunomodulation : 

minimizing neutrophil 

activation

Restore cellular perfusion : 

improved microcirculation 

& endothelial integrity

Volume expansion



ROSE concept

4 phase strategy

• Resuscitation

• Optimization

• Stabilization

• Evacuation (de-resuscitation)

Crystalloids vs. colloids for fluid resuscitation in the Intensive Care Unit. 

Journal of Critical Care 50 (2019) 144–154.



JL Vencent. Circulatory shock. N Engl J Med 2013;369:1726-34.



Shock

• Clinical expression of circulatory failure

• Inadequate cellular oxygen utilization

– Systemic arterial hypotension

– Tissue hypoperfusion

– Hyperlactatemia

• Thoracic and Cardiovascular surgeon

– Initial: cardiogenic shock or hypovolemic state in postoperative

– Late: cardiogenic shock or septic shock or combination

JL Vencent. Circulatory shock. N Engl J Med 2013;369:1726-34.



Pathophysiology

• Unstable hemodynamic system

• Intravenous effective volume          interstitial space

• Oxygen delivery : cardiac output > blood pressure

• Critical ill patients 

– Pulse and blood pressure were not proportional to severe illness & tissue 

hypoxia

– Cardiac output cannot be inferred by blood pressure

– Cryptic shock

The European guideline on management of major bleeding and coagulopathy 

following trauma: fourth edition. Crit Care. 2016 Apr 12;20(1):100. 



Acute myocardial responses

• Crystalloid vs. colloid: SBP, HR, E/A, VTI, LVEDD, IVC

• RV strain: diastolic changes, up to +2% after colloid; about 

twice the crystalloid magnitude

• LA strain: reservoir and conduit phases +2% to +6% with 

colloid

• Colloid: more preload effect, A-fib, HR – suspicious risk factor

Br J Clin Pharmacol. 2026;92:3223–34.



Research



Hyperchloremic Metabolic Acidosis

Hyperchloremic metabolic acidosis following resuscitation of shock.

Gheorghe C, et al. Chest.2010 Dec;138(6):1521-2. 



Chloride in fluid

Yunos NM , et al. Chloride-liberal vs. chloride-restrictive intravenous fluid administration and 

acute kidney injury: an extended analysis. Intensive Care Med. 2015 Feb;41(2):257-64.



Chloride in fluid

Xue et al. Ann Intensive Care (2019) 9:30



Kiraly LN, et al. J Trauma 2006;61:57-64



Balanced Solution 

Isotonic crystalloid solutions: a structured review of the literature. Br J Anaesth. 2014 112(6):968-81. 



• Albumin versus normal saline

• 6997 patients

• Primary outcome: 28-day death
SAFE study NEJM 2004;350:2247



N Engl J Med 2014;370:1412-21

Effect of albumin :

trend of lower cardiovascular failure, HR low, MBP high



HES

• Concerned point

– Have not been fully evaluated

– Against use in sepsis (strong 

recommendation, high quality of 

evidence)

– Renal toxicity

– Coagulation dysfunction

J Cardiothorac Vasc Anesth. 2017 Feb 4. pii: S1053-0770(17)30051-4.Colloids in Cardiac Surgery-Friend or Foe?



Patterns of fluid resuscitation

Patterns of intravenous fluid resuscitation use in adult intensive care patients between 2007 and 2014:  

An international cross-sectional study. PLoS One. 2017 May 12;12(5)





• Military setting : Voluven

– Recommended for battlefield resuscitation, if blood products are not 

immediately available

– Penetrating injury > Blunt injury

– Smaller volumes are required

– No increase risk of AKI

– No increase risk of mortality

Mil Med 2016. 181,5:152



• First 24 hours

▪ > 2,000 ml HES (130kD/0.4)

▪ < 2,000 ml HES (130kD/0.4)

• Not increased incidence of AKI or need for RRT in patients 

Leberle R, et al. Injury 2015;46; 105–9. 



• Small-volume resuscitation with crystalloids appeared inadequate 

• 6% HES 130/0.4 was effective hemodynamically but detrimental to hemostasis 

• Albumin produced the best outcomes

Kheirabadi BS. J Trauma Acute Care Surg. 2017 ,82(1):156-164. 



Crystalloids vs. colloids

Cochrane Database Syst Rev. 2018 Aug 3;8:CD000567.



Crystalloids vs. colloids

Cochrane Database Syst Rev. 2018 Aug 3;8:CD000567.



ICU

Lancet Respir Med 2024;12:237–246.

• BEST-Living study: BSS vs. NS

• Overall mortality

– OR 0.962, 95% CI 0.909–1.019

– In-hospital mortality: 16.8% vs. 17.3% (p=0.192)

– TBI: OR 1.42495% CI 1.100–1.818

– In-hospital mortality: 19.1% vs. 14.7%

• Grade: mortality, RRT - moderate



Hypovolemic shock

EUR J TRAUMA EMERG SURG. 2025;51:271.

• 35 study enroll: 1 RCT included

• CRYSTAL trial (JAMA 2013)

• 28 mortality: HR 1.19 (95% CI 0.54–2.62), p = 0.67 



SSC 2026

Douglas IS, Alapat PM, Corl KA, et al. Chest. 2020;158:1431–45. 

Prescott HC, Antonelli M, Alhazzani W, et al. Crit Care Med. 2026;54:725–812

SSC meta-analysis of 18 RCTs: Dynamic measure-guided fluid resuscitation → 

lower mortality trend (RR 0.91, 95% CI 0.79–1.06) and significantly less need for

RRT (RR 0.75, 95% CI 0.58–0.98).

FRESH trial: Passive leg raise–guided fluid management in sepsis-induced

hypotension/shock → lower 72-h net fluid balance (MD −1.37 L, 95% CI −2.53 

to −0.21 L), with less RRT and invasive mechanical ventilation.



SSC 2026

Prescott HC, Antonelli M, Alhazzani W, et al. Crit Care Med. 2026;54:725–812

2021 guideline: crystalloid + supplemental albumin 

SSC pooled analysis of 6 RCTs (n=4,383): Supplemental albumin → no reduction 

in 28-day mortality (RR 1.01, 95% CI 0.90–1.14); also no meaningful benefit in 90-

day mortality, organ dysfunction, ventilator-/vasopressor-free days, or RRT.

Higher cost without demonstrated clinical benefit drove the more conservative 

recommendation.



SSC 2026

Prescott HC, Antonelli M, Alhazzani W, et al. Crit Care Med. 2026;54:725–812. 

National Heart, Lung, and Blood Institute PETAL Clinical Trials Network. N Engl J Med. 2023;388:499–510. 

Meyhoff TS, Hjortrup PB, Wetterslev J, et al. N Engl J Med. 2022;386:2459–70.

SSC pooled analysis of 4 RCTs (n=3,320): Restrictive vs. liberal strategy → essentially

identical mortality (RR 1.00, 95% CI 0.91–1.10), with no meaningful differences in

ventilator-free days, RRT, renal replacement-free days, or vasopressor-free days.

CLOVERS and CLASSIC: Both demonstrated that a more restrictive fluid strategy did not

improve mortality, but also did not result in major harm → supports individualized rather

than universally restrictive management.



Int. J. Surg. Publish Ahead of Print, September 25, 2026.

Vasopressors were administered within 24 hours demonstrated a

significant increase in mortality among observational studies (OR, 5.95; 

95% CI, 2.63–13.44; k = 5).



SSC 2026

Ostermann M, Alshamsi F, Artigas Raventos A, et al. Intensive Care Med. 2025;51:1749–1763.

Meta-analysis of 13 RCTs (n=2,517): Active fluid removal → uncertain effect on mortality

(RR 0.92, 95% CI 0.81–1.04); no clear benefit in RRT, ICU LOS, or vasopressor-free days.

Only 3 RCTs (n=184) specifically enrolled patients with sepsis; sepsis-subgroup mortality

was also uncertain (RR 1.33, 95% CI 0.75–2.34).



Summary – balanced solution

• Real balanced ?

• Trend

• Decrease postoperative infection

• Decrease postoperative transfusion

• Decreased renal injury in ICU patients



Summary - albumin

• Albumin Resuscitation

– Increased mortality in traumatic brain injury

– Acute illness : relative safe, hemodynamic improvement

– No evidence of benefit in mortality of critically ill patients 

– Early sepsis phase : lesser consideration



Summary - HES

• HES resuscitation

– Good plasma expansion 

– Relative expansive

– Increase renal injury, transfusion, septic condition

– No recommendation 

• Underlying infection, renal dysfunction, hematologic 

dysfunction



• Type of fluid : no effect on outcome

• Normal saline : not exit from the field

• The best fluid available does not always equate to the best fluid for the 

patient

• Recognition of fluid type

• Balanced > non-balanced

• Cl : restrictive >  rich

• Large volume crystalloid resuscitation: individualized

In my opinion



THANK YOU FOR YOUR ATTENTION !


