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Hypovolaemic Shock – 
A momentary pause in the act of death 

David Corkill
Emergency Nurse Educator
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Stephen Hales (1677–1761)

2

• Described by Trunkey in 1983
• Immediate Death      50%
• Early deaths (1-2 hrs)     30%
• Late deaths (days to weeks)   20%

• Concept of the Golden Hour of Trauma

TriModal Death Pattern
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• Does the trimodal death pattern still 
exist?

• Prehospital 80.6%
• <48hrs  11.3%
• <1 week 4.3%
• >1 week 3.8%

A Changing Pattern

Is the trimodal pattern of death after trauma a
dated concept in the 21st century? Trauma
deaths in Auckland 2004
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Introduction

Studies into the epidemiology of trauma in the
1970s proposed a trimodal distribution of trauma

Injury, Int. J. Care Injured (2008) 39, 102—106
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Summary

Objective: To determine whether the classical trimodal distribution of trauma deaths
is still applicable in a contemporary urban New Zealand trauma system.
Methods: All trauma deaths in the greater Auckland region between 1 January 2004
and 31 December 2004 were identified and reviewed. Data was obtained from hospital
trauma registries, coroner autopsy reports and police reports.
Results: There were 186 trauma deaths. The median age was 28.5 years and the
median Injury Severity Score was 25.

The predominant mechanisms of injury were hanging (36%), motor vehicle crashes
(31.7%), falls (9.7%), pedestrian—vehicle injury (5.4%), stabbing (4.3%), motorcycle
crashes (3.2%), and pedestrian—train injury (2.2%).

Most deaths were from central nervous system injury (71.5%), haemorrhage
(15.6%), and airway/ventilation compromise (3.8%). Multi-organ failure accounted
for 1.6% of deaths.

Most deaths occurred in the pre-hospital setting (80.6%) with a gradual decrease
thereafter.
Conclusion: There was a skew towards early deaths. The trimodal distribution of
trauma deaths was not demonstrated in this group of patients.
# 2007 Elsevier Ltd. All rights reserved.

* Corresponding author at: C203, 10-16 Marquet Street, Rhodes,
NSW 2138, Australia. Tel.: +61 2 9736 3068.

E-mail address: jia_min@email.com (J.-M. Pang).

0020–1383/$ — see front matter # 2007 Elsevier Ltd. All rights reserved.
doi:10.1016/j.injury.2007.05.022
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• ‘manifestation of the rude unhinging of the 
machinery of life.’ Samuel Goss 1876

• Hypoxaemia at the cellular level

• Every 3 minutes of haemodynamic instability 
increases mortality by 1%

Definition of Shock
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• Haematologic system 
– activating the coagulation cascade and contracting 

the bleeding vessels
– platelets are activated and form an immature clot 
– the damaged vessel exposes collagen, which  

causes fibrin deposition and stabilization of the 
clot. 

– Approximately 24 hours are needed for complete 
clot fibrination and mature formation. 

Pathophysiology of Shock

Kolecki 2012
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Pathophysiology of Shock

• Cardiovascular system 
– increasing the heart rate, increasing myocardial 

contractility, and constricting peripheral blood vessels. 
– occurs secondary to an increased release of 

norepinephrine and decreased baseline vagal tone 
(regulated by the baroreceptors in the carotid arch, 
aortic arch, left atrium, and pulmonary vessels)

– redistributing blood to the brain, heart, and kidneys 
and away from skin, muscle, and GI tract. 

Kolecki 2012
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• Renal system 
– stimulating an increase in renin secretion from the 

juxtaglomerular apparatus. Renin – 
angiotensinogen -  angiotensin I - angiotensin II 

– Angiotensin II has 2 main effects
• vasoconstriction of arteriolar smooth muscle, and 

stimulation of aldosterone secretion by the adrenal 
cortex. Aldosterone is responsible for active sodium 
reabsorption and subsequent water conservation. 

Pathophysiology of Shock

Kolecki 2012
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• Neuroendocrine system 
– Increases  circulating antidiuretic hormone (ADH). 

ADH is released from the posterior pituitary gland 
in response to a decrease in BP (as detected by 
baroreceptors) and a decrease in the sodium 
concentration (as detected by osmoreceptors)

–  ADH indirectly leads to an increased reabsorption 
of water and salt (NaCl) by the distal tubule, the 
collecting ducts, and the loop of Henle. 

Pathophysiology of Shock

Kolecki 2012
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• Trauma
• Non traumatic
– Ruptured thoracic/AAA
– Ruptured ectopic pregnancy
– Severe gastroenteritis 
– Haematemesis/Melena/NSAID

Causes of Hypovolaemic Shock
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• 4 Stages of Shock
• Described by percentage, volume lost, clinical 

signs
• Not clear or discrete stages
• Theoretical knowledge not supported by 

evidence
• Blood pressure and heart rate will not identify 

all trauma patients who are in shock NSW 
ITIM

Classification of Shock 
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• Stage 1   0-15%
• Stage 2   15-30%
• Stage 3   30-40%
• Stage 4   >40%

Anyone for tennis?
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How about some wine?

• Stage 1    0-750mls
• Stage 2   750mls-1.5L
• Stage 3   1.5L-2.2L
• Stage 4   >2.2L

16

• In the absence of complications, only minimal 
tachycardia is seen.

• Usually, no changes in BP, pulse pressure, or 
respiratory rate occur.

• A delay in capillary refill of longer than 3 
seconds corresponds to a volume loss of 
approximately 10%.

Class I haemorrhage 
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•  Clinical symptoms
– tachycardia (rate >100 beats per minute), 

tachypnea, decrease in pulse pressure, cool 
clammy skin, delayed capillary refill, and slight 
anxiety. 

– The decrease in pulse pressure is a result of 
increased catecholamine levels, which causes an 
increase in peripheral vascular resistance and a 
subsequent increase in the diastolic BP. 

Class II haemorrhage 

18



thinkasklearn.com.au

4

• By this point, patients usually have marked 
tachypnea and tachycardia, decreased systolic 
BP, oliguria, and significant changes in mental 
status, such as confusion or agitation. 

• Most of these patients require blood 
transfusions

Class III haemorrhage 
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• Symptoms include: 
–marked tachycardia, decreased systolic BP, 

narrowed pulse pressure (or immeasurable 
diastolic pressure), markedly decreased (or no) 
urinary output, depressed mental status (or loss of 
consciousness), and cold and pale skin. 

• This amount of hemorrhage is immediately 
life threatening.

Class IV haemorrhage 
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• Assessment of the trauma patient should 
include:
– arterial blood gases and assessment of base 

deficit 
– Haemoglobin 
– Lactate 
– Haematocrit.

• These tests are only of value when interpreted 
in a series, therefore should be repeated.

What bloods should be undertaken?
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• Anaerobic metabolism when shock progress
– lactate production and subsequent metabolic 

acidosis 
–metabolic acidosis further exacerbates the shock 

state, 
– results in decreased myocardial contractility and 

worsening shock
• Serum lactate produced from Lactic acidosis
– lactate produced correlates with total oxygen 

debt, signifying the magnitude of hypoperfusion, 
the severity of shock, and also adequacy of 
resuscitation. 

Lactate and Trauma
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• Serum lactate and the occult
– Serum lactate is considered a sensitive indicator of 

occult shock and may be useful in patients with a 
significant mechanism of injury yet demonstrating 
vital signs within normal limits. 

Lactate and Trauma
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• Five Potential sites of bleeding
• Externally 
• Long Bones
• Chest
• Pelvis
• Abdomen

Where is the bleeding from?

24
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External Blood Loss

25

Long Bones
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• 4-29% of Trauma cases
• Chest xray essential
• Should be performed within 10 mins of arrival
• Small haemothorax -  5% of surviving patients
• Looking for massive haemothorax

The Chest 
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The Chest 
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• Most difficult to assess
• Access to CT improves diagnosis
• FAST scan helpful
• Still needs formal scan
• Diagnostic Peritoneal Aspiration (DPA), (DPL)

The Abdomen 
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The Abdomen

30
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The Pelvis
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Sam Sling Applied
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Prometheus vs TPod

33

Sheet Wrapping????

34

• Establish patent airway 
• Ensure adequate ventilation and oxygenation
• Secure venous access – large bore cannula x 2
• Control any external bleeding by applying 

direct pressure
• Rapidly identify patients requiring operative 

haemostasis
• Establish prompt contact with the major 

referral hospital and retrieval service.

Management of Hypovolaemia  
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Not every patient should have a CT

• Severe abdo trauma
• Compared Laparotomy within 30min vs 

CT and laparotomy within 90 min
• CT and Laparotomy associated with 

more than a seven- fold higher risk of 
mortality (odds ratios, 7.6; p< 0.038)

36
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• Lots of Animal Models
• Works well for non traumatic events – AAA
• Demonstrated benefit on penetrating trauma
• High volume resuscitation
– Soft clot dissolution
– Hydraulic acceleration of bleeding
– Dilution of clotting factors 

Low Volume Resuscitation

37

• In the presence of uncontrolled haemorrhage 
and a delay of greater than 30 minutes to 
operative haemostasis, infuse small aliquots of 
fluid (100-200mls) to maintain systolic blood 
pressure between 80-90mmHg. 

• Use caution in the elderly. 
• Contraindicated in unconscious patients 

without a palpable blood pressure and those 
with traumatic brain injury 

Institute of Trauma and Injury 
Management
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• Early use of blood remains optimal
• Hartmanns or Normal Saline 
• Many complications of Blood
– Impaired oxygen relaease
– Dilutional coagulopathy
– Thrombocytopenia
– Hypothermia
– Citrate toxicity
– Hyperkalaemia
– Acid base disturbance
–  Haemolytic transfusion reactions

What Fluids
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



PPAATTIIEENNTT  WWIITTHH  HHAAEEMMOORRRRHHAAGGEE    
AND  

HHAAEEMMOODDYYNNAAMMIICC  IINNSSTTAABBIILLIITTYY    
OR 

KKNNOOWWNN  CCOOAAGGUULLOOPPAATTHHYY  

SEND BASELINE BLOOD TESTS 
• Labelled cross match 
• Full blood count 
• Coagulation profile 
• Biochemistry 
• Venous blood gas 

Inform Blood Bank of patients’ clinical condition  
AND  

order 2 units O negative or group specific RBC 

If continuing uncontrolled bleeding a senior clinician 
 should notify blood bank (8314) to 

AACCTTIIVVAATTEE  MMAASSSSIIVVEE  TTRRAANNSSFFUUSSIIOONN  PPRROOTTOOCCOOLL  

MMTTPP  ppaacckk  11  
• 4 units RBC 
• 4 units FFP 

MMTTPP  ppaacckk  22  
• 4 units RBC 
• 4 units FFP 
• 1 Adult dose Platelets 

Notify Blood Bank (8314) to  

SSTTOOPP  MMAASSSSIIVVEE  TTRRAANNSSFFUUSSIIOONN PPRROOTTOOCCOOLL 

Bleeding controlled  
AND  

patient haemodynamically stable 

STOP THE BLEEDING 
• Identify source 
• Initial measures: 
o Compression 
o Packing 
o Tourniquet (max 2 hours) 

• Early consultant involvement 
• Specialty involvement ASAP 
o Notify Anaesthetics (7942) 
o Early surgery 
o Interventional radiology 
o Subspecialty surgeon 
o Gastroenterology 

FLUID RESUSCITATION 
• Avoid hypothermia, actively 

warm patient 
• Avoid excessive crystalloid 
• Tolerate permissive 

hypotension (80-100 mmHg 
systolic) until bleeding 
controlled 

HAEMODYNAMIC INSTABILITY 
3 out of 6 from: 
• Heart rate > 110 bpm 
• Systolic blood pressure < 90 mmHg 
• Hb < 90 g/L 
• pH < 7.25 
• INR > 1.5 
• Temperature < 35°C 

CONTACT NUMBERS 
Anaesthetics 7942 
OT Coordinator 8856 
Blood Bank 8314 
Haematology 8316 
ED Consultant 7907 
ED Resus 8284 
ICU Registrar *27639 
ICU flow nurse 7982 
Cell Saver 0411617612  

MONITOR 
Every 30-60 minutes: 
• Full blood count 
• Coagulation profile 
• TEG if available 
• Ionised calcium 
• Arterial blood gas 

SPECIAL SITUATIONS 
• Warfarin 
o Vitamin K – 5-10mg IV 
o Prothrombinex – 25-50 IU/kg 

• Aspirin/Clopidogrel 
o Additional/early platelets 

• Dabigatran 
o Haemodialysis/charcoal 

haemofiltration 
o Consult haematologist 

• Obstetric haemorrhage 
o Early DIC often present, 

consider cryoprecipitate 
• Head injury 
o Aim for platelets > 100 x 109/L 
o Permissive hypotension 

contraindicated 

ADDITIONAL THERAPIES 
• Tranexamic acid 
o Within 3 hours of trauma  
o 1g over 10 minutes then     

1g over 8 hours 
• rFVIIa 
o See eligibility worksheet 
o http://qheps.health.qld.gov.au/gldcoast/form

s/fm1054ep.pdf 
o 90 µg/kg 

TARGETS 
• Temperature > 35°C 
• pH > 7.2 
• Base excess > -6 
• Lactate < 4 mmol/L 
• Ca2+ > 1.1 mmol/L 
• Platelets > 50 x 109/L 
• PT/APTT < 1.5 x normal 
• INR  1.5 
• Fibrinogen > 1.0 g/L  

CONSIDER 
• Second subspecialty involvement 
• Cell salvage 
• Cryoprecipitate 10U if fibrinogen < 1 g/L 
• Calcium (if ionised < 1.15 mmol/L) 
• Tranexamic acid in trauma 
• Factor VIIa 
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ROTEM – Potential Game Changer 
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• Also stops bleeding and reduces mortality
• Give within 3 hours
• Increased risk of PE/DVT

42
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• BP and Pulse not perfect assessment 
tools

• Blood is primary response fluids is 
shock

• Minimal Fluid Resuscitation
• Contraindicated in HI and 

unconscious pts

Summary
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