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Introduction 

• Volume status assessment is a critical but challenging clinical skill and is especially important for 
the management of patients in the emergency department, intensive care unit, and dialysis unit 
where accurate intravascular assessment is necessary to guide appropriate fluid management. 

• Assessment of volume status is subjective and can vary from provider to provider, posing clinical 
dilemmas. 

• Decisions on the administration of diuretics, initiation of renal replacement therapy, and ultrafiltration 
goals rely on proper intravascular assessment. 

• View the online article: https://doi.org/10.24908/pocus.v7iKidney.15023 -||Integrative Volume Status Assessment 
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Amount of fluid

• The amount of fluid required by any one patient depends on several 
factors, including the patient’s diagnosis and severity of disease. 

• We need to find the ideal balance between too little and too much fluid in 
all patients, because both these conditions are associated with worse 
outcomes.

• View the online article: https://doi.org/10.24908/pocus.v7iKidney.15023 -||Integrative Volume Status Assessment 
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How much fluid a patient requires

• Unfortunately one cannot use global formulas to decide how much fluid a patient 
requires; this process requires individualization guided by hemodynamic 
monitoring. 

• Moreover, the time factor is of great importance and varies according to the 
phase of resuscitation.

• Four phases can be recognized: 

-salvage,

-optimization, 

-stabilization, and 

-deescalation.                                          Kidney International (2019) 96, 52–57 / Fluid management in the critically ill 
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Salvage

• Salvage is the initial phase during which a patient needs 
rapid resuscitation for profound alterations in tissue 
perfusion as a result of multiple conditions, including sepsis, 
hemorrhage, and profound dehydration.

• During this very early phase, a plentiful amount of fluids 
must be administered rapidly to facilitate effective 
resuscitation. 

• Often the need to act quickly means there is no time to 
position complex monitoring systems to guide fluid 
administration. 

• Kidney International (2019) 96, 52–57 / Fluid management in the critically ill 6



Salvage

• Vasopressin (and vasopressin derivatives), interferon-
b, and thrombomodulin are potential candidates for 
endothelial cell protection.

• When vasopressors are used, norepinephrine is the 
vasopressor of choice in critically ill patients.

• Kidney International (2019) 96, 52–57 / Fluid management in the critically ill 
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Optimization. 

• As soon as is possible, in addition to performing a reliable 
assessment of heart rate and arterial pressure, an echocardiogram
should be obtained to assess the degree of filling and function of the 
cardiac chambers.

• Echography should be repeated periodically to monitor the 
response to treatment. 

• Every physician involved in the management of acutely ill patients 
should be able to perform an echocardiogram.

• Blood lactate levels, which are increased in patients with shock 
and reflect tissue oxygenation, should be measured serially (at least 
every hour) as an indicator of the effectiveness of therapy and 
resolution of shock.

• Kidney International (2019) 96, 52–57 / Fluid management in the critically ill 
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Stabilization. 

• Once the patient is stable, or when the patient no longer 
responds to fluid, aggressive fluid administration must be 
stopped, and only minimal, if any, maintenance fluid is required.

• Persisting positive fluid balance is associated with worse 
outcomes, more so than a positive fluid balance early during 
resuscitation.

• Kidney International (2019) 96, 52–57 / Fluid management in the critically ill 
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De-escalation. 

• When the patient is well stabilized, he or she enters the de-escalation 
phase and should not receive much fluid; rather, excess fluids should be 
eliminated to remove any edema that has formed.

• During this phase, diuretics can be administered if a negative fluid 
balance is not achieved spontaneously. 

• Loop diuretics, such as furosemide, are most widely used but can lead to 
hypernatremia if sodium excretion is not adequate.

• In patients with renal dysfunction, diuretics are less effective and renal 
replacement therapy (RRT) will likely be necessary.

• Kidney International (2019) 96, 52–57 / Fluid management in the critically ill 

10



Fluid assessment in critically ill patients

• history and physical examination are the clinicians’ first 
steps in assessing volume status:

• Dynamic tests to assess the response to fluids

• Biomarkers

• Invasive Methods 
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Conventional Methods of Volume Assessment and Pitfalls 

• history and physical examination are the clinicians’ 
first steps in assessing volume status:

- Mucus Membrane Examination 

-Capillary Refill Time

-Skin Turgor and Axillary Sweat Examination

-Orthostatic Vital Signs

-Jugular Venous Pressure Measurements

-Edema

-Lung Examination and Chest Radiograph

• View the online article: https://doi.org/10.24908/pocus.v7iKidney.15023 -||Integrative Volume Status Assessment 
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Dynamic tests to assess the 

response to fluids
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Passive leg raising (PLR) 
• PLR is a bedside maneuver that involves elevating the patients legs to 3045◦ while supine, 

which results in the transfer of roughly 300 mL of venous blood from the lower extremities to the 
central circulation. 

• In this way, PLR increases cardiac preload, consequently inducing a significant rise of the mean 
systemic pressure .

• In fluid responders, this rise is accompanied by an increase in venous return and thus in 
cardiac output.

• On the contrary, in fluid non-responders, the increase in the right atrial pressure balances the 
increase in mean systemic pressure, such that the pressure gradient of venous return (and cardiac 
output) does not change .

• This maneuver has the advantage of being reversible ,and it can be repeated as frequently as 
required without infusing a drop of fluid.

• Also, PLR has been proven to be accurate in spontaneously breathing patients and with cardiac 
arrhythmias, low tidal volume ventilation and low lung compliance .

• A PLR-induced increase in cardiac output greater than 10% is generally considered to 
predict fluid responsiveness with high sensitivity and specificity (85 and 91%, respectively) .

• In fact, PLR is recommended by the Surviving Sepsis Campaign for the hemodynamic 
management of septic shock patients .

• https://doi.org/10.1016/j.tacc.2023.101316 /Prediction of fluid responsiveness in critical care: Current evidence and future perspective 
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Passive leg raise test
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Mini-fluid challenge 

• Administering a fluid challenge, with the infusion of 250500 mL of fluids, and measure its effect 
on cardiac output, has long been used as a method to assess fluid responsiveness.

• However, this test cannot be considered as a challenge, but as the treatment itself. 

• Moreover, this test is not reversible.

• In fact, in case of no preload responsiveness, which occurs in half of the cases, it is not possible to 
withdraw the fluid administered in excess, leading to fluid overload.

• For this reason, some authors have suggested the idea of administering only a mini-fluid 
challenge, consisting in infusing 100150 mL of fluids over one or 2 min and measuring the 
response of cardiac output or one of its surrogates .

• https://doi.org/10.1016/j.tacc.2023.101316 /Prediction of fluid responsiveness in critical care: Current evidence and future perspective 
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Serum lactate 

• Serum lactate is a more objective metabolic surrogate to guide fluid resuscitation. 

• Irrespectively of the source, increased lactate levels are associated with worse outcomes ,and 
lactate-guided resuscitation significantly reduced mortality as compared to resuscitation without 
lactate monitoring .

• Recent published data showed that lactate levels > 4 mmol/l combined with hypotension are 
associated with a mortality rate of 44.5% in ICU patients with severe sepsis or septic shock .

• https://doi.org/10.1016/j.tacc.2023.101316 /Prediction of fluid responsiveness in critical care: Current evidence and future 
perspective 
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Biomarkers
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Biomarkers 

• B-type natriuretic peptide (BNP) and N-terminal prohormone of BNP (NT-proBNP) has been traditionally 
used as biomarkers for volume overload or heart failure.

• Elevated BNP does not always indicate volume overload. 

• Heart failure patients with renal impairment and patients on dialysis have higher concentrations of BNP and 
NT-proBNP .

• Recent studies have shown serum carbohydrate antigen 125 (CA-125) levels have been associated with 
state of volume overload and heart failure independently and in combination with NT-proBNP .

• https://doi.org/10.1016/j.tacc.2023.101316 /Prediction of fluid responsiveness in critical care: Current evidence and future perspective 

20



Invasive Methods 
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Central Venous Pressure (CVP) Measurement 

• Assessment of CVP is widely available in the intensive care units and is feasible. 

• However, the CVP alone has poor predictive value for fluid responsiveness. 

• A systematic review demonstrated a poor relationship between CVP and blood volume (pooled 
correlation coefficient 0.16, 95% CI 0.03 - 0.28) and was unable to predict the hemodynamic 
response to a fluid challenge .

• https://doi.org/10.1016/j.tacc.2023.101316 /Prediction of fluid responsiveness in critical care: Current evidence and future perspective 
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Pulmonary Artery Catheter Pressures (PAC) 

• While routine use of pulmonary artery catheter (PAC) has fallen out of favor in the intensive care 
units (ICU), it is still useful in understanding a patient’s hemodynamics.

• Based on the ESCAPE trial, PACs are not routinely indicated to adjust therapy during 
hospitalization for decompensation of chronic heart failure .

• https://doi.org/10.1016/j.tacc.2023.101316 /Prediction of fluid responsiveness in critical care: Current evidence and future perspective 
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Transpulmonary Thermodilution and Pulse Contour Analysis (TPTD) 

• Transpulmonary thermodilution (TPTD) and pulse contour analysis are invasive and advanced 
hemodynamic monitoring techniques used for measurement of cardiac index (CI) and the 
assessment of cardiac preload by measuring dynamic cardiac preload variable volume variation 
(SVV) which helps in assessing responsiveness to fluid and pulmonary vascular status. 

• These can be measured accurately only in sinus rhythm and controlled ventilation .

• The TPTD technique provides the variable extravascular lung water index (EVLWI) for the 
assessment of pulmonary hydration .

• These methods are invasive, expensive, and not widely available. 

• https://doi.org/10.1016/j.tacc.2023.101316 /Prediction of fluid responsiveness in critical care: Current evidence and future perspective 
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point of care ultrasound (POCUS)

• More recently, point of care ultrasound (POCUS) 
examination at bedside has come into widespread 
practice and has become a fifth pillar of clinical medicine 
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POCUS

• 1. Internal Jugular Vein Assessment

• 2. Inferior Vena Cava Assessment

• 3. Lung Ultrasound

• 4. Focused Cardiac Ultrasound

• 5. Doppler Ultrasonography
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Future perspective in predicting fluid 
responsiveness 

• Several other methods to predict fluid responsiveness have been 
proposed, including end-expiratory occlusion test (EEOT), carotid flow 
time (CFT), bioreactance-based non-invasive cardiac output 
monitoring (NICOM) and machine learning approaches applied to 
transthoracic echocardiography.

•
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