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INTRODUCTION 
 
As Paul Marik put it so eloquently “When you have a haemodynamically unstable patient, give 
them all the fluid they need but not one drop more”. It’s that all too elusive Goldilocks Principle: 
Not too much nor too little, but just the right amount. Determining the right amount and if a patient 
will benefit from the administration of fluid can be incredibly challenging. The physiological 
complexity in the considerations of the use of fluid as a resuscitation medium cannot be 
understated. 
Fluid responsiveness as defined by Marik et al is an increase in cardiac output by 10-15% after 
administration of a fluid bolus. It should be emphasized that fluid responsiveness is the normal 
state of circulation and is therefore not an indication for fluid loading by itself. (3) The global patient 
context is therefore imperative in making the decision to administer a fluid bolus or not. 
Numerous studies have demonstrated that about 50% of haemodynamically unstable patients in 
the intensive care unit and theatre respond to a fluid challenge. Or put another way 50% of 
patients receiving a fluid bolus will not benefit from the therapy. (1)  
The prompt and aggressive resuscitation of critically ill patients may potentially reduce tissue 
hypoxia as well as the progression to organ failure and therefore improve patient outcomes (2).  
 
Fluid therapy is generally considered as part of our initial management in the resuscitation of 
patients with hypotension and shock. Uncorrected hypovolemia resulting in the inappropriate 
infusions of vasopressors, may increase organ hypoperfusion and ischemia. Persistent 
hypovolaemia may lead to a low cardiac output state and decreased tissue perfusion. If severe 
this can result in shock and multi organ failure. (4) 
However, we are all well aware of the potential risk of aggressive fluid resuscitation. The all too 
familiar picture of the Michelin man comes to mind.  
 

 
 
A weight gain of >10% above preoperative baseline has been associated with increased 
morbidity, length of stay in the ICU and mortality (4). 
Tissue oedema has independent associated deleterious effects which include (4): 
 

1) Respiratory: Post-operative respiratory failure, pneumonia, and frank pulmonary 
oedema. 

2) GIT: GIT oedema with decreased motility and ileus. Intestinal oedema may 
contribute to anastomotic breakdown, acute ascites, and abdominal compartment 
syndrome. 

3) Coagulation: Dilutional coagulopathy 
4) Wound healing: Marked tissue oedema may impair wound healing 

 
 
Fluid therapy should be considered as any other drug. With its own specific indications and 
contraindications. The type, rate and dose of fluid should also be carefully considered (5). 
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Physiology 
 
We know that 
CO = SV × HR 
 
And that SV is a product of:  
 
Myocardial contractility, afterload, and preload. 
 
Preload can be defined as the intraluminal pressure that stretches the right or left ventricle to its 
end diastolic dimensions. It is therefore related to the diastolic length of the cardiac myocyte. 
According to Starlings Law, the force of the cardiac myocyte contraction depends on the 
preceding diastolic length of the ventricular fibres. Starlings law ensures that the cardiac output 
of the right and left ventricle are exactly matched. Therefore, the main determinant of both right 
and left ventricle preload is the venous return to the right ventricle, that is, the Right ventricular 
end-diastolic volume (RVEDV) (6). 
 
Preload is determined by anything that affects the ventricular volume at the end of diastole. 
 
The main determinants are (6) 
 

1) Venous Return 
a. This is the amount of blood draining from the veins of the body into the right side of 

the heart 
b. VR = (MSFP – RAP) / SVR. Where VR is venous return, MSFP is Mean systemic 

filling pressure, RAP is right atrial pressure and SVR is systemic vascular 
resistance. 

c. VR is affected by the following: 
i. Blood Volume 
ii. Posture 
iii. Venous tone 
iv. Intrapericardial pressure 
v. Thoracic pressure 
vi. Muscle pump 

2) Heart Rate: The higher the heart rate the less time for diastolic filling  
3) Atrial Contraction responsible for ventricular filling 
4) Compliance of both ventricles. This can be affected by hypertrophy, tamponade and 

fibrosis. 
 
With the above in mind, we can clearly see that increasing blood volume (with fluid expansion) 
and subsequent venous return is only one component out of many that could be responsible for 
an increase in cardiac output. 

         
 
Preload can be described as the left ventricular end -diastolic volume (LVEDV). The Frank-
Starling principle states that as preload increases, left ventricular Stroke volume (SV) increases 
up until the optimal preload is achieved. It is at this point that the SV will remain relatively constant.  
 
 
The optimal preload is the point at which there is maximal overlap of the actin-myosin myofibrils. 
When the left ventricle is operating close to the ‘flat’ part of the Frank-Starling curve fluid loading 
will have little effect on cardiac output and only serves to increase tissue oedema and to promote 
tissue hypoxia. Poor contractility i.e., poor ventricular function reduces the acuteness of the 
ascending portion of the curve and provides a far smaller area where a patient will increase their 
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SV with an increase in preload. In an otherwise normal healthy individual both ventricles operate 
on the ascending portion of the Frank-Starling curve providing a functional reserve to the heart in 
situations of acute stress. (1) 
 

 
 
 
 
 
It is important to note that determining preload i.e., LVEDV does not tell you if you are on the 
ascending part of the Frank-starling curve and therefore does not indicate if you will be fluid 
responsive or not. 
 

 
 
 
 
The above diagram superimposes the Frank-Starling curve with the Marik-Phillips curve. The 
Marik-Phillips curve depicts the accumulation of extravascular lung water (EVLW). EVLW is a 
measure of interstitial fluid volume and may potentially aid in the assessment of volume overload. 
It can be calculated with the use of transpulmonary thermodilution techniques (1). The overlapping 
of these respective curves demonstrates that as patients become less fluid responsive, EVLW 
increases markedly because of the increased cardiac filling pressures and transmitted hydrostatic 
pressures. This is more pronounced in patients with endothelial damage like those with sepsis 
and burns. Increased EVLW has been demonstrated as a very strong predictor of death. 

Frank-starling curve and fluid responsiveness (7) 

Superimposed Frank-Starling curve with the Marik-Phillips curve (1) 
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Static Variables 
 
Are they worth it? 
 
Static variables are general considered to be weak indicators of fluid responsiveness. They are 
not sensitive, have poor inter-observer reliability and for the most part are a reflection on 
peripheral perfusion. They are generally considered the first step in determining the adequacy of 
tissue and organ perfusion and suspecting intravascular volume depletion. They are unable to 
determine if a patient will be on the ascending part of the Frank-Starling curve and therefore 
unable to predict fluid responsiveness accurately.  
  

Clinical parameters 

BP and Heart rate 
 
HR and BP changes are usually the first step in determining the adequacy of tissue and organ 
perfusion. They are helpful in suspecting intravascular volume depletion. They however don’t tell 
us where our patient is on the Frank-Starling curve and are thus considered poor markers of fluid 
responsiveness. (4) 
 

1. They are neither sensitive nor specific and are influenced by numerous factors. 
2. For example, a patient in cardiogenic shock with a very low blood pressure and tachycardia 

may be fluid replete. Rather than a fluid bolus the correct management could be an 
inodilator and/or rate control. 

3. A patient with autonomic dysfunction or on beta blocker therapy will not have his HR 
respond appropriately. 

4. A young healthy individual or pregnant mother with subclinical hypovolaemia may often 
have a normal BP and HR as a result of the stress response to surgery which activates the 
sympathetic nervous system and the renin-angiotensin system. 

 
Urine Output 
 
Oliguria (UO <0.5mls/kg/hr) is traditionally used as an indicator of hypovolaemia. Traditional 
thresholds for intraoperative oliguria do not predict acute kidney injury (AKI). Inhalation agents 
and the stress of surgery may reduce UO (4). A 2016 systematic review and meta-analysis of 28 
trials conducted in surgical and critically ill patients showed less renal dysfunction in patients 
receiving goal-directed fluid therapy without the use of oliguria to guide fluid administration than 
those receiving conventional fluid management that targeted oliguria reversal. Sustained oliguria 
may be associated with increased risk of renal injury, particularly if <0.3mls/kg/hr. (4)   

Lactate 

 
A rising lactate level can be an important indicator of reduced global tissue perfusion. It does not 
however provide information regarding the intravascular volume status and if patient will be fluid 
responsive i.e. where the patient lies on the Frank-Starling curve. Lactate is also measured 
intermittently and will not immediately reflect acute changes (4). If a patient presents with a rising 
lactate and the reduced tissue perfusion is suspected to be due to hypovolaemia then fluids will 
be appropriate.   
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Mixed venous oxygen saturation 
 
Mixed venous oxygen saturation (SvO2) or central venous oxygen saturation (ScvO2) can be 
used to determine global oxygen delivery but have limited utility to guide fluid therapy. They can 
be measured from a blood gas or continuously using a fibreoptic catheter. They are proportional 
to cardiac output, tissue perfusion and oxygen deliver to the tissues and inversely proportional to 
tissue oxygen consumption. They unfortunately do not reflect changes in tissue perfusion during 
the perioperative period when oxygen consumption varies. (4) 

CVP (Central Venous Pressure) 

 
The CVP measures right atrial pressure and is therefore used as an indicator of right ventricular 
preload.  
As right ventricular SV determines left ventricular filling the CVP is an indirect measure of LV 
preload. It is still unfortunately frequently used to guide fluid responsiveness and assess blood 
volume. Popularized by the 2-5 Rule (Weil et al 1979) (1):    
 

 
 
 
 
Unfortunately, the pressure-volume relationship is not accurate. This is because of the changes 
in intrathoracic pressures (PEEP), venous tone, right and left ventricular compliance and the 
geometry that occurs in critically ill patients (1). There is therefore a poor relation between the 
CVP and right ventricular end-diastolic volume. It has also been demonstrated that ventricular 
volumes are unable to predict fluid responsiveness.  
 
“Does CVP predict fluid responsiveness? A systematic review and the tale of the seven mares” 
and an “Updated meta-mnalysis and a plea for some common sense” (Marik et al) demonstrate 
that there is no association between the CVP and circulating blood volume, that CVP is a poor 
indicator of right and left ventricular preload and does not predict fluid responsiveness. The author 
went as far as to say that you would be better of flipping a coin. The only study they found that 
supported fluid responsiveness was performed in seven standing awake mares undergoing 
controlled haemorrhage! (9)(10) 
 
CVP does however still have its role in evaluating haemodynamics. A CVP with values of <6 
mmHg is related to an increased likelihood for fluid responsiveness. High values of >15 mmHg 
increase the risk of peripheral oedema and therefore can lower the organ perfusion pressure. 
High CVP values may be used as an indicator to withhold fluid loading. The majority of patients 
have a midrange CVP making it difficult to guide fluid therapy (3). 
 
PAOP (Pulmonary Artery occlusion pressure) 
 
For the vast majority of us we would have never seen a Swanz Ganz Catheter and therefore 
never needed to measure PAOP/PAWP (Pulmonary artery wedge pressure). This had always 

2-5 Rule guiding volume replacement with CVP (8) 
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been assumed to be a reliable indicator of left ventricular preload. But alas has been shown to be 
a poor predictor of preload and volume responsiveness. The PAOP measures LVEDP as a 
surrogate of LVEDV and therefore suffers many of the limitations of the CVP. In 2005 a study 
investigating the use of PACs in the management of ICU patients (the PAC-Man study) found no 
clear evidence of benefit/harm (11). There is no direct relationship with LVEDP and LVEDV (1).  
 
Inferior Vena Cava Diameter (IVC) 
 
The diameter of the IVC can be measured as it enters the right atrium on subcostal echo. A 
collapsed IVC can be assumed to be indicative of volume depletion while a distended IVC reflects 
high right atrial pressures. The measurement of the IVC diameter is therefore an indirect indicator 
of the CVP and is therefore associated with the same limitations. Lee et al submits that a diameter 
of less than 1.5cm (15mm) will provide sufficient sensitivity and specificity in identifying fluid 
responsiveness in hypovolaemic patients (12). 

Echocardiographic variables 

 
Echo avoids the need for invasive lines. It suffers from its own set of limitations but provides an 
abundance of both qualitative and quantitative information in the assessment of the circulating 
volume. One of the major limitations of echo is that it provides an assessment of ventricular 
function at a single point in time. 
 
Left ventricle size 
 
The size of the left ventricle is predictive of fluid responsiveness only when it is very small. A 
hyperdynamic left ventricle with an end-diastolic area taken in parasternal short axis view of less 
than 10cm2 or papillary apposition “so called kissing sign” is indicative of hypovolaemia (13). This 
can be misleading in the following cases: 
 

1. LV Hypertrophy 
2. Highly inotropic state 
3. Vasodilatory state 

 
Left ventricular end-diastolic area and volume  
 
Transesophageal echocardiography (TOE), in the trans gastric, mid-papillary short axis view, can 
be used to assess left ventricular dimensions in patients undergoing ventilation. The left 
ventricular end-diastolic area (LVEDA) has been shown to correlate well with the intrathoracic 
blood volume (ITBV) and global end-diastolic volume (GEDV) i.e., surrogates of preload but has 
no correlation to fluid responsiveness (1). 
 
Left ventricular end-diastolic pressure (LVEDP) 
 
LVEDP is not useful in predicting fluid responsiveness but can help diagnose and guide the 
management of cardiogenic pulmonary oedema. High LVEDP is consistent with increased filling 
pressures and therefore helps to identify those patients who are at risk of volume overload. 
Transthoracic echo can be used to estimate LV filling pressures in the critically ill, which may help 
in evaluating fluid tolerance and deciding when further fluid administration may lead to harm (13). 

Intrathoracic total blood volume (ITBV index) and Global end diastolic volume (GEDV 
Index) 

 
Transpulmonary thermodilution uses a cold bolus for the assessment of cardiac output. The 
monitor is referred to as PICCO. Transpulmonary thermodilution requires a specific thermodilution 



Page 9 of 23 

tipped arterial catheter (usually placed in the femoral), which measure the change in temperature 
following the injection of a bolus of cold saline through a central vein (internal jugular or subclavian 
as preferred site) (1). Mathematical analysis of the transpulmonary thermodilution curve 
calculates the ITBV index as well as the volume of blood contained in the four chambers of the 
heart, called the GEDV index (GEDVI). While the GEDVI provides a good estimate of 
intravascular volume and preload; it has the same limitations as the LVEDA in predicting volume 
responsiveness (1). 
 
Dynamic variables 
So what’s the big deal? 
 
Over the last decade a number of studies have reported the benefit of using heart-lung 
interactions during mechanical ventilation to assess fluid responsiveness. (1) 
With positive pressure ventilation, on inspiration, there is a decrease in preload and an increase 
in the afterload of the RV. The increase in RV afterload is related to the inspiratory increase in 
transpulmonary pressure. This results in a reduction in RV stroke volume, which is at a minimum 
at the end of the inspiratory period.  
The inspiratory reduction leads to a decrease in LV filling after a phase lag of two or three heart 
beats because of the pulmonary blood transit time. Thus, the LV preload reduction may induce a 
decrease in LV stroke volume, which is at its minimum during the expiratory period. The cyclic 
changes in RV and LV stroke volume are greater when the ventricles operate on the steep rather 
than the flat portion of the Frank–Starling curve. (1) 
 
Dynamic parameters provide a superior assessment of response to a fluid challenge when 
compared with the more traditional static variables. 
 
 

 

 
Dynamic parameters that are based on respiratory variation include: 
 

Pulse Pressure variation (PPV), systolic blood pressure variation (SPV) and Stroke 
volume variation (SVV) 

 
These measurements can be observed or measured to assess the response to fluid a challenge. 
Respiratory variation of stroke volume causes the respiratory variation in systolic pressure (SPV) 
and pulse pressure (PPV) because systemic vascular resistance does not change significantly 

Frank-Starling relationship with corresponding respiratory variation in the arterial pressure waveform (4) 
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during one breath cycle (3). These variables are derived from the arterial waveform has shown 
below.  
 

 
 
 
 
 
Systolic pressure variation (SPV) is calculated by measuring the difference between both the 
maximal and the minimal values of systolic blood pressure (SBP) during a single respiratory cycle 
and a reference value (The reference value is the SBP measured during an end expiratory pause) 
(14). 
A meta-analysis conducted by Marik et al. showed that the area under receiver operating 
characteristics (AUROC) = 0.86 for SPV for the detection of fluid responsiveness (1). SPV unlike 
PPV and SVV (need to be measured and calculated) can also be eyeballed with relative accuracy. 
 
PPV is calculated the following way 
 
PPV = ( PPmax-PPmin ) / PPmean 
 
PPV has the advantage over SPV of not being affected by airway and pleural pressure because 
these pressures affect both SBP and diastolic blood pressure (DBP), whereby the PP (difference 
between SBP and DBP) remains unaffected (14). 
 
SVV can be measured by continuous cardiac output monitoring, oesophageal doppler or 
echocardiography. A recent meta-analysis reported SVV as a reliable predictor for Fluid 
responsiveness in mechanically ventilated patients on tidal volume above 8 ml/kg with AUROC 
0.84 (1). 
SVV is automatically calculated by monitor software using the following equation: 
 
SVV (SVmax – SVmin) / SV mean 
 
A PPV or SVV of >13% was shown to be highly predictive of fluid responsiveness in a 2009 meta-
analysis. AUROC was reported as 0.98 in a prospective cohort study and 0.94 in a meta-analysis 
(1).  
However, most of the studies were performed in a highly controlled environment with a highly 
select group of patients (15). There are a number of criteria that need to be met in order for the 
predictive value to be accurate. These include (3)(14): 
 

1. Controlled mechanical ventilation with TV > 8mls/kg predicted body weight 

2. Regular heart rhythm 

The respiratory variation in SPV and PPV on an arterial waveform during a 
mechanical ventilation respiratory cycle (13) 
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3. No spontaneous breathing 

4. Closed chest 

5. No mechanical assist devices (Left ventricular assist device or Intra-aortic balloon pump) 

6. No right ventricular dysfunction 

7. No Intra-abdominal hypertension 

Plethysmographic dynamic indices 

 
Pulse oximetry plethysmographic waveform amplitude (POP) and plethysmographic variability 
index (PVI) using the Masimo device provide an alternative, less invasive means of monitoring 
fluid responsiveness. The pulsatile waveform generated is similar to the arterial waveform and 
therefore can be used to obtain similar information to the arterial waveform in assessing volume 
responsiveness. In a recent meta-analysis both POP and PVI were determined good indicators 
for fluid responsiveness in mechanically ventilated patients without cardiac arrhythmias, heart 
failure, or spontaneous activity with cut-off value 9.1–15 %. However one big study reported an 
AUC 0.635 for this parameter (16).   

IVC respiratory variation  

 
IVC variation is best assessed using ultrasound in the long-axis view. The diameter of the IVC is 
measured 1 cm distal to its junction with hepatic vein either by 2-D or M modes. IVC distensibility 
is measured in intubated and ventilated patients and IVC collapsibility is measured in 
spontaneously breathing patients (12)(14).   
 
IVC Distensibility 
 
Is measured in intubated and ventilated patients. Barbier et al defined a “distensibility index of the 
IVC” as dIVC, calculated as the IVC diameter at the end of inspiration (Dmax) and the end of 
expiration (Dmin) expressed as a percentage of Dmin (12). 
 
[(Dmax – Dmin) / Dmin] × 100% 
 
An 18% threshold for dIVC has been reported to discriminate with 90% sensitivity and specificity 
(12).  
Feissel et all defined respiratory variation in IVC diameter as 
 
ΔDivc = (Dmax – Dmin) / [(Dmax + Dmin)] /2] 
 
A 12% Threshold with a positive predictive value of 93% and a negative predictive value of 92%. 
(Lee 2016 IVC Dist) (12) 
 
It is important to note that IVC distensibility suffers from many of the same limitations as PPV  
 

1. Controlled mechanical ventilation with TV > 8mls/kg predicted body weight 

2. Regular heart rhythm 

3. No spontaneous breathing 

4. Closed chest 

5. No mechanical assist devices (Left ventricular assist device or Intra-aortic balloon pump) 

6. No right ventricular dysfunction 

7. No Intra-abdominal hypertension 

With the added limitations of not being able to perform it on a patient undergoing a laparotomy or 

technically difficult in a obese patient.  
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IVC Collapsibility 
IVC collapsibility is measured in spontaneously breathing patients. It is less predictive than IVC 
distensibility. Muller et all defined the respiratory variation of IVC as: 
 
cIVC = [(Dmax – Dmin)/Dmin] × 100% 
 
A Threshold of 40% has been associated with fluid responsiveness and 15% with a 100% 
negative predictive value (12)(14). 
 

SVC respiratory variation  

 
SVC collapsability (measured using Transoesophageal Echo) predicts fluid responsiveness with 
a cut-off value 36 %. The variation in peak flow velocity in the SVC predicts fluid responsiveness 
at a threshold value of around 12% (14). 
 

Echocardiographic variables 

 
Left ventricular size estimates (TOE) 
 
With transesophageal echocardiography (TOE), intravascular volume status can be quickly 
assessed in the transgastric midpapillary short-axis view by qualitative visual assessment of LV 
cavity size. Underfilling of the left ventricle caused by acute hypovolemia is easily recognized in 
a patient with hyperdynamic systolic function and decreased end-diastolic and end-systolic LV 
cavity dimensions. A quantitative measurement of the internal diameter or cross-sectional area 
of the LV at end-diastole can be made. Changes from baseline are monitored using these 
qualitative and/or quantitative assessments (12). 
 
Stroke volume and Stroke volume variation 
 
SV can be calculated with ECHO by measuring VTI (Velocity time integral) and the diameter of 
the left ventricular outflow tract. The left ventricular outflow tract (LVOT) is best measured in the 
parasternal long axis view. The image is frozen in systole where the cusps of the aortic valve are 
fully open. The diameter is measured just proximal to the insertion of the cusps. It is important to 
remember that any error in measurement will result in an error squared. VTI is then measured in 
the apical 5 chamber view with pulse-wave (PW) Doppler positioned in the LVOT within 15⁰ to the 
outflow tract for the correct flow estimation. The PW Doppler allows velocity measurement 
precisely at the site where the LVOT diameter is measured (12). 
 

SV = VTI × CSA 

CSA = 𝝅𝒓𝟐 
CO = SV × HR 

 
If accurately measured and calculated, the cardiac output is comparable to that measured by 
thermodilution using a pulmonary artery catheter (12). 
Tracing the largest and smallest VTI over a respiratory cycle, the averaged SV variation (SVV) 
can be calculated. SVV of >12% accurately predicts fluid-responsiveness. The aortic valve can 
also be assessed in this view to determine the accuracy of SVV. Aortic stenosis or any subaortic 
obstruction will result in an inaccurate assessment (12).  
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Aortic Peak velocity and VTI Variation 
 
It can be assumed that the LVOT diameter will not change in a cardiac or respiratory cycle. 
Therefore, changes in aortic blood flow will represent changes in stroke volume. Pulse wave 
doppler can be placed at the level of the aortic valve just as it would be measured for calculating 
SV above. Peak velocity variation of >12% and VTI variation is also predictive. They are 
calculated using the following equation (12): 
 
SVmax – Svmin / Mean 
 
Sounding all too familiar, SVV, Peak velocity variation and VTI variation are all subjected to the 
same limitations as PPV i.e.  
 

1. Controlled mechanical ventilation with TV > 8mls/kg predicted body weight 

2. Regular heart rhythm 

3. No spontaneous breathing 

4. Closed chest 

5. No mechanical assist devices (Intra-aortic balloon pump or left ventricular assist device) 

6. No right ventricular dysfunction 

7. No Intra-abdominal hypertension 

 

Functional haemodynamic tests 
 
Functional haemodynamic tests are used to determine the position of the heart on the Frank-
Starling curve by the bedside. They can be divided into two groups traditional fluid bolus or a 
dynamic test that mimics a fluid bolus without administration of potentially harmful fluid. Both tests 
require a means to objectively quantify an increase in cardiac output (3).  

Fluid challenge 

 
Standard or ‘maxi’ fluid challenge (17)  
 
500 mL or a 6–8 mL/kg fluid bolus is delivered over approximately 10 to 30 minutes (18). Cardiac 
output is measured before and after fluid administration, and if there is an increase of at least 
10%, the patient is identified as fluid responsive. Despite a good predictive value patients may 
require several boluses of fluid to assess fluid responsiveness resulting in excessive fluid being 
administered with the detrimental consequences discussed earlier  
 
Mini fluid challenge  
 
This consists of an infusion of a small amount of fluid described as 100–150 mL for up to 10 
minutes (19). A smaller change in cardiac output of around 5% is sought this is due to the smaller 
volume administered. The mini fluid challenge has a very good predictive value for fluid 
responsiveness but requires a sensitive cardiac output monitor with real time capabilities to detect 
the small change in CO. Echo seems to be the most favoured but is operator dependant (3).  
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Dynamic tests 

Passive leg raise test (PLR)   

 

 
 
 
 
 
 
Consists of passive leg raising for roughly 5 minutes (21). The peak effect is usually after 1 minute. 
This results in an auto transfusion of roughly 300mls of blood. Cardiac output is measured before 
and after and an increase of at least 10% is sought. An alternative is measuring a change in pulse 
pressure instead of cardiac output, although that lowers the predictive value (22). Echo 
measurements of cardiac output or its estimates like left ventricle output tract velocity time integral 
and mitral inflow velocity have been reportedly used to follow up the hemodynamic response to a 
PLR (23). PLR is cheap, non-invasive and shows a very good predictive value for fluid 
responsiveness. PLR can be used in spontaneously breathing patients with irregular rhythm, as 
well as the fluid challenge tests (3).  

End-expiratory occlusion test (EEOT) 

 
Is performed by using the expiration hold function of the ventilator. An expiration hold is continued 
for 20 seconds and leads to a drop in intrathoracic pressure, which allows for an increase in 
venous return and a blood bolus to the right and left heart (5). Alternatively, if the ventilator does 
not allow for an expiratory pause, it can be set on SIMV with a RR of 3 which will allow for a 20 
second expiratory hold. If both ventricles are fluid responsive, the cardiac output will rise briefly. 
Because the time interval for cardiac output measurement is short, a continuous cardiac output 
monitoring technique must be used. EEOT was described for the first time by Monnet (14). 
 
To summarize functional fluid responsiveness tests, have a very high predictive value. They can 
be used in a wide population of patients in comparison to dynamic variables. These include 
spontaneously breathing patients and those that are not in sinus rhythm. 

Monitoring changes in Cardiac Output 

 
A detailed discussion of cardiac output monitors is beyond the scope of this booklet. 
The gold standard method for cardiac output measurement is the pulmonary artery 
thermodilution. Using a pulmonary artery catheter SV and CO can be measured by using 
transpulmonary thermodilution. Due to PACs not being used frequently in clinical practice a 
number of less invasive methods have been developed (3)  
 
The monitoring systems can be graded as (3) 

1. Invasive (central venous line and arterial line needed) 
a. Calibrated cardiac monitors like the PICCO thermodilution 

2. Mini-invasive (arterial line needed) 
a. Uncalibrated Cardiac output monitors (Vigeleo) 
b. Calibrated (Liddco) 

Passive leg raise (20) 
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3. Non-invasive (no insertion of vascular catheters needed) 
a. Pulse wave transit time 
b. Pulse contour analysis with pulse oximetry plethysmographic waveform  
c. Carbon dioxide rebreathing  
d. Thoracic electrical bioimpedance or bioreactance devices 
e. Echocardiography (through measuring subaortic VTI) 

 
Alternative parameters to detect patient response to passive leg raising (PLR) include a decrease 
in PPV and SVV as well as an increase radial pulse pressure (by 10 %). These are not as 
accurate. 
 
To summarize the efficacy of our static, dynamic, and functional variables the following predictive 
value of various variables are tabulated using respective data from Marik et al 
To summarize the efficacy of our static, dynamic, and functional variables the following predictive 
value of various variables are tabulated using respective data from Marik et al. 
ROC (Receiver operating characteristic) curve is a statistical tool that helps assess the diagnostic 
accuracy of a Test/Intervention. 
 

 
 

The AUC should be between 0.9 to 1 

0.7 – 0.8 Being Fair 

0.6 – 0.7 Being Poor 

0.5 – 0.6 Failure 

 

 
 
 

 
 
 
 
 
 
 
 
 
 

Adapted from a Talk from SMACC (Rob Mac Sweeney vs Paul Marik – Predicting 
fluid responsiveness 
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An approach to fluid responsiveness 
 
None of the current available tools we have are perfect and a lot of how we manage these patients 
will be context sensitive. Cardiac output monitors, ultrasound, and the expertise to use the 
equipment are not routinely available in resource constrained environments i.e., District hospitals. 
The setting plays a large role. A patient in the emergency department, theatre or ICU will present 
with different challenges unique to each situation. As the attending physician we should use as 
much information as we can gather to guide our decision without delaying potentially lifesaving 
therapy. 
 
Hoste et al postulated a four-phase fluid therapy conceptual model. As shown in the following 
table. The four phases are rescue, optimization, stabilization, and de-escalation (5).   
 

 
 
 
 
In the rescue phase the aim is to correct shock. In the context of a patient in septic shock or major 
trauma we can assume that the patient is hypovolaemic and will benefit from a fluid bolus. Fluids 
will be lifesaving in this setting and should not be delayed by performing any form of fluid 
responsiveness intervention. 
 

Predictive value of Static 
Variables 

ROC AUC (95% CI) 

CVP 0.55 (0.48 – 0.62) 

GEDVI 0. 56 (0.37 – 0.67) 

LVEDI 0.64 (0.54 – 0.74) 

Predictive value of 
Dynamic variables 

ROC AUC (95% CI) Sensitivity/Specificity Reference 

SVV 0.84 (0.81-0.87) 82%/85% Z Zhang 

PPV 0.94 (0.91-0.95) 88%/89% X Yang 

PVI 0.82 (0.79-0.85) 77%/77% T Liu et al 

Haemodynamic 
Functional Test 

ROC AUC (95% CI) Sensitivity/Specificity Reference 

PRL 0.95 (0.94-0.96) 85%/91% Monnet et al 

EEOT 0.96 (0.92 – 1.0) 86%/91% Messina et al 

Mini Fluid Challenge 0.91 (0.85 – 0.97) 82%/83% Messina et al 

Predictive value of techniques used to determine fluid responsiveness (1) 

Four-phase fluid therapy conceptual model. ROS-D (5) 
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In the optimization phase the patient is no longer in immediate life-threatening danger but in a 
stage of decompensated shock. Rather than rapid, aggressive fluid bolus’s, titration of fluids can 
be more conservative with the use of fluid challenges. Fluid responsiveness and goal directed 
therapy can now be initiated.  
Therapy for each patient should be individualized and all available tools and aids should be used 
to guide the decision to give more fluid. 
 
The patient’s clinical context and clinical parameters can suggest that a patient may still be 
hypovolaemic and therefore may require volume expansion. 
 

• Capillary refill time, dry mucous membrane, altered mental status, thirst 

• Low BP and tachycardia 

• Rising lactate 

• Decreased urine output 
 
If the above are suggestive, we can move on to more technical methods of assessing fluid 
responsiveness. The following algorithm provides a guideline for initiating fluid resuscitation (24).  
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If fluid loss is not obvious then we can use our dynamic indices to determine if the patient is 
preload responsive. In theatre conditions are far more controlled, therefore everything can be 
optimized to make PPV a relatively precise and easy method of determining fluid responsiveness 
in most scenarios. If all conditions are met i.e.  
 

1. Controlled mechanical ventilation with TV > 8mls/kg predicted body weight 

2. Regular heart rhythm 

3. No spontaneous breathing 

4. Closed chest 

5. No mechanical assist devices (Left ventricular assist device or Intra-aortic balloon pump) 

6. No right ventricular dysfunction 

7. No Intra-abdominal hypertension 

and patient has a PPV of >13% then administering a fluid bolus would most likely be beneficial. 
If the value is between 8-12 % then this falls into the “Grey Area” other methods should be used 
to further determine if the patient requires fluid (25). A functional test, like an end-expiratory 
occlusion or fluid bolus can be administered and the response to PPV or pulse pressure can be 
observed. More accurately if a TOE or cardiac output monitor is being used intraoperatively then 
this response can be directly monitored for an increase in SV. 
 
In the ICU only 3% of patients will meet the requirements needed for precision of PPV (3). In the 
ICU a passive leg raise or fluid challenge with either Echo or a Non-invasive CO monitor to monitor 
response would be most appropriate. 
 
The following algorithm was postulated in the journal of critical care in 2015 by Lee et al.  With 
the use of POCUS. This might be difficult in the OT due to limited access to the chest. But can be 
adopted in the emergency department and ICU. The first image depicts placement of the 
ultrasound probe (12). 
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Because of the limitations of IVC measurements in many patients the authors propose using 
supplemental data to guide further management. As discussed earlier there is a strong correlation 
with the increase of extravascular lung water and mortality in critically ill patients. A-line and B-
line predominance are used in this algorithm to assess the likelihood of interstitial oedema and 
guide fluid administration. A-line predominance indicates dry interlobular septa and lower normal 
left atrial pressure whereas B-line predominance is associated with the alveolar-interstitial 
syndrome suggestive of pulmonary oedema (infections, 
malignancy, interstitial disease can also associate with B-line predominance) (9).  
 
Patients should be continually re assessed. Especially if there is any change to the patient’s 
clinical condition. The last algorithm is a practical guide to using Ultrasound and more specifically 
ECHO in determining fluid responsiveness. The skills to execute the following algorithm are more 
advanced but reflect how ECHO can be useful in our decision making (7). 
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CONCLUSION 
 
We now know that 50% of haemodynamically unstable patients in the ICU and operating room 
will not respond to a fluid challenge (1). In the 50 % that don’t respond we are potentially 
administering something that could cause harm and is not likely to provide any benefit. The 
ANDROMEDA-SHOCK trial was the first major study that incorporated systematic per-protocol 
assessment of fluid responsiveness in early septic shock. Based on a secondary analysis of this 
trial by Kattan et al fluid boluses could be stopped in non-fluid responsive patients without any 
negative impact on clinically relevant outcomes (26). It’s a challenging decision and requires 
extensive critical thinking, individualized patient care and a combination of clinical parameters, 
static, dynamic, and functional tools to decide if a patient will benefit from fluid resuscitation.   
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