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Simple haemorrhage “blood loss without 
significant volume of tissue damage”

 Oesophageal varices
 Peptic ulcer bleeding 
 Obstetric bleeding



Haemorrhage in trauma is complex

• On scene factors

• Emergency Unit

• Multi system

• Multi cavities



Management of haemorrhage

• Resuscitation

• Identify the bleeding 

• Stop the bleeding 

At each step need to assess the ongoing 
haemodynamic response to your 
interventions



Marik et al. Annals of Intensive Care 2011, 1:1



• Pulse contour analysis

• Straight leg raising

• Ultrasound/Echo





Clinical 

• Brain - mentation

• Skin – mottled / cold clammy

• Kidney - >0.5 – 1ml/kg/hr

• Systolic 90 mmHg in penetrating trauma





Mean arterial pressure (MAP)

• MAP as an estimation of tissue perfusion 
pressure

• MAP of  65 mmHg in patients with sepsis 
discriminated between survivors and non 
survivors

• In trauma – MAP of 40mmHg till bleeding 
controlled

• TBI - MAP of 90mmHg once active 
haemorrhage had been controlled



Lactate and base excess

• Prognostic value of lactate levels exceeds 
that of blood pressure

• Lactate targeted therapy improves 48 hour 
mortality 

• Both parameters monitor the trend 



CVP

• Traditionally assumed good indicator of RV 
preload

• Misguided  CVP reflects intravascular volume
• Affected by  Intrathoracic pressures

 LV and RV compliance

• > 100 studies no relation between CVP and fluid
responsiveness



Pulmonary artery catheters
(Swan Ganz)

• Traditionally the gold standard
• Conventional thermodilution techniques
• Some benefit in pulmonary hypertension and 

liver transplantation
• Cochrane review 2002 and 2012 “no mortality

benefit in combined medical and surgical 
patients or high-risk surgical patients”

• Surpassed by other modalities PWA and ECHO



Pulse wave form analysis (PWA)
Heart lung interactions

• Multiple studies demonstrated 
 Pulse pressure variation (PPV)
 Stroke volume variation (SVV)
 Cardiac output

• Highly predictive of fluid responsiveness



Pulse pressure wave form analysis

• Limitations

Tidal volume 6-10 ml/kg

Sedated/paralyzed

Not spontaneously breathing

Sinus rhythm



Heart lung interactions











Passive/Straight leg raising 
• Transferring a volume of 300 – 500 mL of venous blood 

from the lower body toward the right heart

• PLR mimics a fluid challenge

• Advantage 
> No fluid is infused – reduce risk of fluid overload
> Hemodynamic effects rapidly reversible
> Can be used 

> spontaneously breathing patients (intubated and non 
intubated)

> arrhythmias







• No side effects
• Should be considered as a replacement for 

the classic fluid challenge
• Challenge preload without administering one 

drop of fluid
• A negative PLR 
 decision to stop or discontinue fluid

infusion
 hemodynamic instability should be 

corrected by means other than fluid 



Echo
Assessment of Fluid Status

• ECHO provides static and dynamic volume 
assessment.

• Static assessment  measurement of the 
IVC/SVC/IJV

• Dynamic assessment  collapsibilty of the 
IVC/ SVC/IJV during respiration is a dynamic 
measure of fluid responsiveness

• 75% collapse of the IVC during respiration is 
an indicator of hypovolemia



• 75% collapse of the IVC during respiration is an 
indicator of hypovolemia

• 15% variation in IVC diameter  adequate volume 
loading

• A caveat
 pathology that impact filling of the right heart

- right-sided heart failure
- cardiac tamponade 
- pulmonary embolism

• Pressure overload and diminished venous return to 
the heart 



Echo 
Assessment of cardiac function

• Determine ventricular function (systolic and 
diastolic)

• Assesses for pericardial fluid and structural 
abnormalities

• Information regarding pulmonary physiology

• Realtime information on response to therapy.







‘Finally, no monitoring tool, no matter how 
accurate, by itself has improved patient 
outcome” 

Michael Pinsky




