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Totally different physiology! 
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• Military resuscitation during 1960s used aggressive crystalloid 

resuscitation with no predefined transfusion ratio of blood 

component therapy. 

• Fluid administration focused on crystalloid use in an effort to 

balance inputs and outputs.

J Trauma Acute Care Surg 2013;75:76

History

This approach failed to address acute traumatic coagulopathy 

in the severely injured patients with hemorrhagic shock.



Critical Care 2016;20:100
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Lethal triad

Acidosis

Hypothermia
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❖ Indication (n = 156)
− Multiple organ injury
− ≥ 6 unit  of pRBC in the first 12h 
− Shock 

❖ Shock resuscitation to achieve oxygen delivery index 
− Supranormal: DO2I ≥ 600mL/min
− Normal: DO2I ≥ 500mL/min

Urinary bladder pressure 

2003



❖ Forest plot 
Comparison of liberal vs. restricted fluid resuscitation on overall mortality

: delaying fluid resuscitation until arrival at hospital, 
lower-than-normal BP as a guide for fluid resuscitation

4 RCTs 7 observational studies

Favor restricted strategy
Favor restricted strategy



High volume resuscitation 

may be detrimental. 

✓ Coagulopathy 

✓ Abdominal compartment syndrome

✓ Multiorgan failure

✓ Worse survival



Is it correct to give fluid to these trauma patients ?

Low  Volume  Resuscitation



Damage control resuscitation

1. Permissive hypotension  

SBP of 80–90 mmHg or MAP of 50 mmHg

: To avoid the adverse effects of early aggressive resuscitation

2. Hemostatic resuscitation (Massive transfusion protocol)

Early use of blood product over isotonic fluid for volume replacement

: Proactive correction of traumatic coagulopathy

3. Rapid control of hemorrhage (Damage control surgery)
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1. Permissive hypotension 



No fluid until arrival
Fluid administration 
if SBP ≤ 90mmHg

Immediate group
Delayed group

vs.



No fluid until arrival
Fluid administration 
if SBP ≤ 90mmHg

Immediate group
Delayed group

vs.

Delay of aggressive fluid 
resuscitation improves outcome.



Risk of early postoperative death ↓
Coagulopathy ↓

“ Restrictive volume replacement 
under permissive hypotension ”

2011



Controlled resuscitation (CR) group 
250 mL if no radial pulse or SBP <70 mmHg 
Additional 250 mL boluses to maintain a radial 
pulse or an SBP ≥70 mmHg

Out-of-hospital SBP ≤ 90 mmHg

Standard resuscitation (SR) group
2 L initially & additional fluid
to maintain an SBP ≥ 110 mmHg

2015

24h-mortality in blunt trauma subpopulation
: CR group (3.2%) vs. SR group (17.7%)
→ Controlled resuscitation may offer an early survival advantage 
in blunt trauma 



Principles of Damage Control Resuscitation

• Avoid/reverse hypothermia 

• Minimize blood loss with early hemorrhage control measures during initial evaluation

• Delay resuscitation/target low-normal blood pressure before definitive hemostasis 

• Minimize crystalloid administration 

• Use MT protocol to ensure sufficient blood products are available in a prespecified ratio 

• Avoid delays in surgical or angiographic hemostasis 

• Transfuse blood components that optimize hemostasis 

• Obtain functional laboratory measures of coagulation (e.g., TEG or TEM) to guide ongoing 

• Give pharmacologic adjuncts to safely promote hemostasis

EAST Guideline2017 

2017



Recommendation 14. Restricted volume replacement

We recommend use of a restricted volume replacement strategy to 

achieve target blood pressure until bleeding can be controlled. (Grade 1B)

Recommendation 13. Tissue oxygenation

We recommend a target systolic blood pressure of 80–90 mmHg until major 

bleeding has been stopped in the initial phase following trauma without brain 

injury. (Grade 1C) 
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2. Hemostatic resuscitation 



Tissue hypoperfusion algorithm
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Trauma 8th Fig 12-5 



Tissue hypoperfusion algorithm
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Trauma 8th Fig 12-5 

Traumatic shock
: Combination of several insults after injury 
eg. small volume of hemorrhage + significant tissue injury, 

hypovolemic + neurogenic + obstructive + cardiogenic
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Estimated blood loss

ATLS 9th ed.
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Response to initial fluid resuscitation

ATLS 9th ed.
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Predicting massive transfusion

ABC Score

• Penetrating mechanism (0 = no, 1 = yes)

• ED SBP of 90 mm Hg or less (0 = no, 1 = yes)

• ED HR of 120 bpm or greater (0 = no, 1 = yes)

• Positive FAST (0 = no, 1 = yes)

→ ABC score of 2 or greater was 75% sensitive and 86% specific for 
predicting massive transfusion. 

2009



2017

Severely injured patients who met criteria for highest-level trauma activation 
(n= 680) 

➢ Time from patient arrival to MT protocol activation: 9 minutes (median)
➢ Time from MT activation call to delivery of first cooler: 8 minutes (median)

Resuscitation intensity



Higher plasma and platelet ratios early in resuscitation were associated with 
decreased mortality in patients who received transfusions of at least 3 units of 
blood products during the first 24 hours after admission. 

2013



2015



2015



Warm fresh whole blood

World War II
Plasma transfusion



Fluids

• Which type of fluids ? 

• How much ?

• How fast ?

• Monitoring
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• Trauma 8th ed. 2017

• ATLS 9th ed. 2012

• KTAT (Korean Trauma Assessment and Treatment) 2nd ed. 

• European guidelines on management of bleeding following major trauma 2016 

:  Isotonic    crystalloids

Warmed fluids 

balanced

1. Which type of fluids ? 

0.9 % sodium chloride

- Aggravation of metabolic acidosis 

- Relevant dilution of blood components 

→ Aggravation of coagulopathy  /  hypothermia 

Lethal triad



1) Balanced solution

2014

Severely injured patients 
- GCS < 9 or deteriorating;
- SBP < 90 mmHg; pulseless;
- Need for intubation
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• 0.9% NaCl (n=33)  vs.  Plasma-Lyte A (n=32)

Improved acid-base status
Less hyperchloremia at 24 hours post-injury
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1) Balanced solution



2) Colloids in trauma

Albumin (n = 3497) vs. saline (n = 3500)
Trauma patients 17%

Mortality in TBI patients: 
Albumin (24.5 %) vs. saline (15.1 %) (RR 1.62; p=0.009)

2004
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2007
Post hoc follow-up study



1 mo

24 mo

Post hoc follow-up study

Fluid resuscitation with albumin was  associated with 
higher mortality rates than was resuscitation with saline
in critically ill patients with traumatic brain injury.
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6% HES (n = 3358) vs. 0.9% saline (n =3384)

2012

No difference in 90-day mortality in trauma subgroup.



Trauma patients (penetrating, n=67; blunt, n=42) 

2011



→ HES (130/0.4) provided significantly better lactate clearance and less renal 
injury than saline.

European guideline 2016

We suggest that the use of colloids be restricted due to the adverse 
effects on hemostasis. (Grade 2C)

2011



• PROS

– Redistribution of extracellular & intracellular water into the intravascular 
space

→ Volume effect exceeding the amount of infused volume 

– Limited edema formation

– Marked reduction of baggage load for rescue forces

– Anti-inflammatory* and immunomodulatory effects†

• CONS

– Capillary pressure ↑ → blood loss↑or  reactivate bleeding 

• RCT, 209 Blunt trauma patients‡

– 250 ml 7.5 % hypertonic saline  vs.  6 % dextran 70

– no significant difference in organ failure and in ARDS-free survival  

‡ Arch Surg. 2008;143(2):139

3) Hypertonic saline

*Ann Surg 2007; 245:635
†Ann Surg 2006;243:47



• Medical therapies for brain injury 

: Temporary hyperventilation, mannitol, hypertonic saline, barbiturates, and 
anticonvulsants.

• RCT, 2005 

– 9 patients 

– Hypertonic saline  vs. dextran + 20% mannitol 
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Hypertonic saline for traumatic brain injury

Crit Care Med. 2005;33(1):196

: Hypertonic saline was 
more effective in reducing ICP



• RCT, 2004 
– Prehospital setting 

– 250mL hypertonic solution (HTS)  vs. Ringer’s lactate 

– No difference in neurological function at 6 months  

• RCT, 2010 
– Prehospital setting, 1282 patients  

– 250 mL HTS / HTS + dextran  vs. 0.9% saline

• RCT, 2011
– Prehospital setting, 853 patients  

– 250 mL HTS vs. HTS + dextran  vs. 0.9% saline

Hypertonic saline for traumatic brain injury

Crit Care Med. 2005;33(1):196
JAMA. 2010;304(13):1455

Ann Surg. 2011;253(3):431

Our Mission Your life

Trauma Center

No survival difference 



• RCT, 2015

– Prehospital setting 

– n = 34

– 250 mL HTS vs. HTS + dextran vs.  0.9% saline

– Hypertonic saline interfere coagulation

Hypertonic saline for traumatic brain injury

Shock. 2015;44(1):25
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European guideline 2016

The evidence suggests that hypertonic saline solutions will neither 
improve survival nor improve neurological outcome after TBI.



Current guidelines for resuscitation of shock

• Rapid  normalization of blood pressure  may be the general consensus 

when the bleeding is controlled or ongoing blood loss is absent.

• No specific guideline for the speed of reperfusion 

2. How fast ?

Med Hypotheses. 2013;81(4):701
J Trauma Acute Care Surg. 2014;76(3):771



• Lactate 
– produced by anaerobic glycolysis 

– Indirect marker of oxygen debt, tissue hypoperfusion, and the severity 
of hemorrhagic shock

– Diagnostic & prognostic marker since 1960s

• Base deficit 
– Classification*

– Better prognostic marker than pH †

3. Monitoring

Mild Moderate Severe

-3 to -5 mEq/L -6 to -9 mEq/L < -10 mEq/L

*J Trauma. 1996;41(5):769
† J Trauma. 1998;44(1):114
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3. Monitoring

• Base deficit 

– Better prognostic marker than pH †

Base deficit and pH clearance 

J Trauma. 1998;44(1):114
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3. Monitoring
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Analogy between 
the four D’s of antibiotics and fluid therapy

Drug
Dosing

Duration
De-escalation

Resuscitation
Optimization
Stabilization
Evacuation



TransPulmonary ThermoDilution methods

Lithium Dilution Technique

Ultrasound Indicator Dilution

PiCCO (Pulsion Medical Systems)

Volume View (Edwards Life Sciences)

LiDCO (LiDCO limited)

COstatus (Transonic Systems, Inc.)

Arterial Pressure Waveform Analysis

PiCCO2 (Pulsion Medical Systems)  

LiDCOplus/LiDCOrapid (LiDCO limited)

FloTrac Vigileo (Edwards Life Sciences)



2017

Summary of recommendations

In surgical patients being evaluated or treated for shock, we conditionally 
recommend a protocol that includes Focused ultrasound be utilized versus a 
standard protocol to predict fluid responsiveness, to reduce complications and 
organ failures and to reduce mortality. 

In surgical patients being evaluated or treated for shock, we conditionally 
recommend a protocol that includes arterial waveform analysis derived 
variables be utilized versus a standard protocol to predict fluid responsiveness, 
to reduce complications and organ failures and to reduce mortality. 
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2016

Injured patients from an academic level-1 trauma center meeting criteria for 
MTP activation

• Viscoelastic assay thrombelastography (TEG = 56)
• Conventional coagulation assays (CCA = 55)

Utilization of a goal-directed, TEG-guided MTP to 
resuscitate severely injured patients improves survival
compared with an MTP guided by CCA.



Summary & Conclusions
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• In hemorrhagic shock, 

- Restrictive volume replacement under permissive hypotension 

- Early use of blood product with balanced ratio

- Followed by rapid control of bleeding

• Warmed isotonic    crystalloids
• Restricted use of colloids
• Hypertonic saline has no benefit.

• High volume resuscitation may be detrimental !

• Focused USG & arterial waveform analysis derived variables  
can be utilized for monitoring.

balanced


