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How do I know if my patient needs more fluid?
Determining Volume Tolerance (Fluid Responsiveness)
________________________________________________________________________

S.M. Galvagno, D.O., Ph.D.
1. Urine output
a. < 0.5 ml/kg cited in most textbooks and used as one of several endpoints for resuscitation in Rivers’ study on early goal-directed therapy for sepsis

b. <30 ml/hr

i. Used in conjunction with PA pressure measurements in Diebel’s study

2. Urine electrolytes / Azotemia

a. Urine electrolytes

i. Urine output is crude gauge of renal hemodynamics 

ii. Not sensitive/specific as early marker of decreased function

iii. May be deceptively preserved or increased

iv. Urine microscopy is far from perfect

v. Urinary biochemical indices (ATN & prerenal) usually represent continuum of injury

vi. Diagnostic accuracy of FENa has been questioned
vii. FEUN
1. Value of <35% more sensitive and specific than FENa for prerenal azotemia
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3. Pulse pressure variation (pulsus paradoxus / delta PP/ delta down)

a. > 10% change after a fluid bolus considered good response to fluid challenge
i. This means LESS variation in PP after a fluid challenge is considered a positive response

b. The higher the degree of PP variation at baseline, the greater the increase in cardiac output after a fluid challenge

c. Shown to have PPV and NPV of greater than 95%

d. Expiratory decrease in systolic blood pressure is another measure (delta down)

i. Delta down of 5 mmHg (decreased BP of 5 mmHg or more after expiration while on mechanical ventilation) associated with PPV of 95%
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4. Response to passive/straight leg raising (PLR) / CVP

a. Observe response of CVP and blood pressure to raising of legs 45° for 4 minutes while maintaining trunk supine

i. Should see a rise in CVP of at least 2 mmHg
b. Results in increase in right and left ventricular preload

c. Increase of pulse pressure > 10% predicts fluid responsiveness

i. 60% sensitive, 85% specific

d. ETCO2 changes

i. Small study of 65 patients (15% had COPD, none on spontaneous vent mode)

ii. ETCO2 > 5% in response to a PLR had 71% sensitivity and 100% sensitivity

1. CI increase (as determined by PICCO)

5. End-expiratory occlusion

a. In patient is on ventilator, the following effects are observed:

· Impedence of venous return (due to ↑ intrathoracic pressure)

· Pulmonary vascular compression

· ↓ central blood volumen (preload)

· ↓ cardiac output; decreased left cardiac preload

b. 15-second end expiratory occlusion

c. Look for >10% increase in pulse pressure

d. If PiCCO in, check for > 10% increase in cardiac index

i. Correlates well with passive leg raising

ii. Has likelihood ratio of .87 for predicting positive response to fluid

iii. Likelihood ratio of increased CI by >5% is .91

6. Hemoglobin / hematocrit hemoconcentration

a. Nonspecific; one of many measures to consider
7. Widening of pulse pressure

a. In older patients (our typical patient population), as vessels become more engorged with fluid, they become less compliant

i. A greater initial pressure is necessary to pack the cardiac stroke volume into them(the result in an increased systolic pressure

ii. In the smaller vessels, as they become more engorged, recoil is reduced(results in decreased diastolic pressure

iii. Pulse pressure widens naturally after age 55
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8. Hypotension, tachycardia


a. Rule out other causes

b. Differential diagnosis of hypotension in postsurgical patient:
i. Drugs
ii. Cardiac

1. Think: preload, heart rate, afterload, contractility
2. Ischemia, valvular problems, dysrhythmias, etc.

iii. Bleeding, hypovolemia, third-spacing

iv. Sepsis

v. Allergic reactions

vi. Metabolic (hypoxia, acidosis)

9. Base excess
,
,
,
,
,
,
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a. Indicates amount of blood buffer (hemoglobin and bicarbonate) present in the patient’s blood at a given time

i. Is the amount of base, in mmol, required to titrate 1 L of plasma to pH of 7.40 (assuming normal oxygen saturation and standard temperature)

ii. Base deficit: indicates metabolic acidosis

iii. Base excess: indicates metabolic alkalosis

b. An admission base deficit of -6 mmol/L or less is a physiologic marker for increased injury severity, transfusion requirements, shock-related complications, & mortality

i. Relates to actual tissue perfusion in critically injured patients

ii. Is a good indicator of lactic acid clearance after shock

iii. Low base deficit levels are associated with altered oxygen use

10. Lactate

a. Marker of hypoperfusion
b. Anaerobic metabolism

c. Recommended as marker for shock, especially if blood pressure not decreased
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11. Vascular pedicle width on chest radiograph
a. Measured by drawing a perpendicular line from the point at which the left subclavian artery emerges from the aortic arch and measured across to the point at which the superior vena cava crosses the right main stem bronchus
b. May indicate occult hypervolemia if greater than 70 mm
i. Should be used with other diagnostic modalities (PA catheter, etc.)
ii. May be subtle indication that your patient does NOT need more fluid
c. Classic review: Ely et al.
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12. Warmth of extremities (“Marik’s Sign”)

a. Described in his book as a general physical exam sign for hypoperfusion

b. Feel the lower extremities; if cool & not on vasopressors, suggests hypoperfusion

13. PA catheter

a. Beyond the scope of this handout

b. See www.pacep.org for a comprehensive tutorial 
14. PiCCO

a. See the website for an excellent and succinct description of this system (www.pulsion.com)

15. FloTrac (Vigileo)

a.  Remember: only validated in the following patients:

i. Controlled ventilation, 8mL/kg tidal volumes

ii. No vasopressors

iii. No tachycardia

b. Can still use SVI and SV 
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16. TEE

a. See http://e-echocardiography.com for a basic TEE tutorial
17. Physical Exam Findings

a. If you can more evidence, please show it to me

b. Cheap!  Easy!

c. Skin turgor, edema (presacral best if supine)

d. Jugular venous pressure measurement
 (manometer to right atrium):
i. Incline patient to 45°
ii. Look for biphasic a and a-v pulsations in internal jugular vein

iii. Meniscus of pulsations should not be more than 4 centimeters above the Angle of Louis

iv. If patient is sitting erect at 90°, JVP should not be above the clavicles
v. Fair specificity (88%), poor sensitivity (48%)

vi. In patients with heart failure, presence of elevated JVP associated with increased risk of death (RR 1.37, 1.07-1.75, p<.05)

vii. Very poor correlation between CVP and JVP (r=.301)
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