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A protocol of early goal directed

therapy, which included aggressive fluid

resuscitation targeted to central venous pressure (CVP) and

physiological variables, reduced organ failure and improved

survival in patients with severe sepsis and septic shock.





Conclusions: In the RENAL study, a negative mean daily 

fluid balance was consistently associated with improved 

clinical outcomes



In a European

multicenter observational study of patients admitted to the

intensive care unit (ICU), each 1 liter of positive fluid balance

during the first 72 h of ICU stay was associated with a 10%

increase in mortality after adjustments for other risk factors.

Vincent JL, Sakr Y, Sprung CL et al. Sepsis in European intensive care

units: results of the SOAP study. Crit Care Med 2006; 34: 344–353.

In a landmark study of liberal versus

conservative fluid management of patients with acute lung

injury in the ICU, a more conservative fluid management

strategy improved lung function and shortened the ICU stay,

whereas there was no difference in the 60-day mortality

between the two groups.

Wiedemann HP, Wheeler AP, Bernard GR et al. Comparison of two fluid management

strategies in acute lung injury. N Engl J Med 2006; 354:

2564–2575.







When dosing intravenous fluids, two key clinical questions

are asked:

(1) what is the current state of the patient’s intravascular volume? 

(2) if the patient receives continued fluid resuscitation or a fluid    

bolus, will physiological variables such as blood pressure, tissue 

perfusion, and urine output improve? 

Fundamentally, the only reason to give a patient a fluid challenge is 

to increase the stroke volume (SV; by at least 10–15%) and improve 

organ perfusion.







When clinicians were asked to predict hemodynamic parameters based only on 

history and physical examination, their performance was poor.

In this study, pulmonary artery wedge pressure was correctly predicted only 30% of 
the time. Cardiac output, systemic vascular resistance, and

right atrial pressures were correctly predicted approximately 50% of the time.



Typical radiologic signs suggesting volume overload are 

highly variable and insensitive and that CXR findings cannot
predict extravascular lung water

CXR



Using a VPW cutoff value of 70mm in addition to a cardiothoracic ratio greater than 0.55 significantly improved the 

accuracy of CXR in determining volume status. 

The VPW is best utilized in a single patient on serial measurements, and changes in VPW show a high correlation with 

changes in volume status.



STATIC PRESSURE MEASUREMENTS

Most common of these parameters are 
• CVP

• Pulmonary artery occlusion pressure, or PCWP 

• Right ventricular end-diastolic volume



The likelihood that CVP can accurately predict fluid responsiveness is 

only 56% (slightly better than flipping a coin)



CVP is dependent on venous return (VR)

to the heart, right ventricular compliance, peripheral venous

tone, and posture, and the CVP is particularly unreliable in

pulmonary vascular disease, right ventricular disease, patients

with tense ascites, isolated left ventricular failure, and

valvular heart disease.

In patients with an intact

sympathetic response to hypovolemia, the CVP may

actually fall in response to fluid, as compensatory

venoconstriction is reduced. Thus, it is possible to have a

low CVP and not be volume responsive, as well as have a high

CVP and be volume responsive.







Traditional

goals of resuscitation have included blood pressure, pulse rate, central

venous pressure (CVP), and arterial oxygen saturation. These variables

change minimally in early shock and are poor indicators of the adequacy

of resuscitation

Multiple studies

have confirmed that both the CVP and PCWP in healthy controls and in patients

with various disease states are unable to predict the hemodynamic response

to a fluid challenge . It is therefore somewhat alarming that

the CVP is still widely used as a guide to fluid resuscitation and is incorporated

into protocols that are endorsed by professional societies





PCWP

The vast majority of studies have

demonstrated a poor correlation between PCWP, volume

status, and responsiveness to fluid resuscitation



Conclusion: Our study demonstrates that cardiac filling pressures

are poor predictors of fluid responsiveness in septic patients.

Therefore, their use as targets for volume resuscitation

must be discouraged, at least after the early phase of sepsis has

concluded. (Crit Care Med 2007; 35:64–68)



In addition, in a study of 100 ICU patients, it was determined that a baseline

PCWP cutoff value of < 11mmHg was poor at determining fluid

responsiveness, defined as an increase of the cardiac index of >15%.

The sensitivity of this cutoff value was 77%, with a specificity of 51%.

They further examined a combination of CVP<8mmHg and

PCWP<12mmHg in predicting response to fluid challenge. This combination

performed poorly as well, with a sensitivity of 35% and specificity of 71%.



Preload does not predict volume responsiveness



ECHOCARDIOGRAPHIC ASSESSMENT 

OF VOLUME STATUS



DYNAMIC VARIABLES

The degree of variation in parameters such as SV (SV

variation, SVV), pulse pressure (pulse pressure variation,

PPV), changes in aortic flow velocity, and the diameter of

inferior vena cava (IVC) or SVC as a result of changes in

intrathoracic pressure induced by spontaneous respiration or

by positive pressure ventilation are among the tools to assess

volume responsiveness.



Although in the normal breathing cycle the VR and right heart preload increase during inspiration and decrease at 

the end of inspiration, these changes are reversed during positive pressure ventilation



Hypovolemic patients frequently demonstrated systolic pressure variation

(SPV)>10mmHg, whereas this was unusual in normovolemic or hypervolemic patients.

SPV decreases with increasing blood volume and increases with volume depletion



The responders demonstrated a

reduction in PPV after volume

expansion. A cutoff value of 13%

for PPV had a sensitivity of 94%

and specificity of 96% to

discriminate between fluid

responders and non responders.

Variability in PP was superior in

discriminating fluid responders



Conclusions: Dynamic changes of arterial waveform-derived variablesduring mechanical ventilation are highly accurate in predictingvolume responsiveness in critically ill patients with an accuracygreater than that of traditional static indices of volume responsiveness.This technique, however, is limited to patients who receive controlledventilation and who are not breathing spontaneously. (Crit Care Med2009;37:2642–2647)



Results: 209 responders (51%) and 204 non responders (49%). The area under receiver
operating characteristic curve was 0.89 (95% CI: 0.86– 0.92) for PPV, compared with 0.57 (95% CI:
0.54 – 0.59) for central venous pressure .The gray zone approach identified a range of PPV values
(between 9% and 13%) for which fluid responsiveness could not be predicted reliably. These PPV values
were seen in 98 (24%) patients.
Conclusion: Despite a strong predictive value, PPV may be inconclusive (between 9% and 13%) in
approximately 25% of patients during general anesthesia.





These dynamic changes in the

pulse oximeter wave form have shown significant 

correlation

with PPV and accurately predicted fluid 

responsiveness.



A Pleth Variability Index > 14% before volume expansion is predictive

that a patient will respond to fluid administration with a sensitivity of

81%.



Esophageal Doppler monitoring

Cardiac output was determined by thermodilution (gold standard) and esophageal Doppler and changes

in cardiac output after an IV fluid bolus were assessed as well using both techniques. Changes in cardiac

output as determined by Doppler agreed 86% of the time with thermodilution methods and suggests that

esophageal Doppler may be useful in this regard.



The intrathoracic changes in pressure

during the respirator cycle affect VR and

thus the diameter of the central veins

such as the IVC. Ultrasound-measured

absolute diameter of the IVC or the

extent of change in its diameter with the

respiratory cycle has been used to assess

volume status.

Conclusion: In trauma patients, inadequate dilatation of

the IVC by fluid resuscitation, might indicate insufficient

circulating blood volume despite normalization of blood

pressure. IVC diameter appeared a better predictor of

recurrence of shock than blood pressure, heart rate, or

arterial base excess.

Respiratory variation in vena cava diameter



Those who responded to volume expansion

(defined as >15% increase in CO) as compared

with those who did not respond, had greater

collapsability index at baseline (25 vs. 6%).



A recent meta-analysis determined that the area under

the curve or PLR for determining fluid responsiveness

was 0.95 and was not affected by spontaneous

breathing or cardiac dysrhythmias.

A 10% or greater increase in cardiac output in response to 

PLR predicts fluid responsiveness.



In one meta-analysis, the sensitivity and specificity of LUS in acute cardiogenic pulmonary edema were around

92% and 94%, respectively . The European guidelines stated that “bedside thoracic ultrasound for signs of

interstitial edema and pleural effusion may be useful in detecting acute HF if the expertise is available”

Lung POCUS

Point-of-care ultrasound





Consideration of the “5B” approach. This stands for balance of fluids (reflected by body weight),

blood pressure, biomarkers, bioimpedance vector analysis, and blood volume. Addressing these

parameters ensures that the most important issues affecting symptoms and outcomes are

addressed. Furthermore, the patient is receiving the best possible care while avoiding unwanted
side effects of the treatment.

BIOIMPEDANCE VECTOR ANALYSIS
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