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Ultrasound is a tool
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Which one is your favorite hemodynamic monitoring device 
in your future daily practice ? 

PiCCO Flotrac ICON  USCOM No idea

38%        23%       6%          23%            9%        

12%        14%      14%         57%            2%        

(Before introduction)

(After introduction)
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Ann Emerg Med. 2016 Jul;68(1):114-6. 



Cochrane Database Syst Rev. 2013 Feb 28;(2):CD003408.



Use of a PAC did not alter the mortality, general ICU or hospital LOS, or cost for adult patients in ICU



fluid overload Æ edema

Am J Emerg Med. 2017 Sep;35(9):1335-1347.





Who is fluid responsiveness?  By dynamic evaluation 

Methods Measure/ Cut off value LR (+) LR (-) Reference

Passive leg raising △CO 10% 9.4 0.16 Intensive Care Med. 2016 
Dec;42(12):1935-1947.

Passive leg raising △brachial a. peak velocity 10.6% 7 0.2 J Surg Res. 2018 Apr;224:207-214.. 

Passive leg raising △corrected flow time 24.6% 7.2 0.4 Am J Med Sci. 2018 
Feb;355(2):168-173. 

Variation of peak velocity in artery △ brachial a. 10.95% 8.9 0.23 J Surg Res. 2018 Apr;224:207-214.. 

Variation of peak velocity in artery △ carotid a. 13% 7.8 0.24 Am J Emerg Med. 2017 
Sep;35(9):1258-1261.

Collapsibility Index  in vein △ IVC, variable cut off value 2.84 0.38 J Intensive Care Med. 2018 Jan 
1:885066617752308.

Collapsibility Index  in vein △ internal jugular vein 36% 5.2 0.26 Ulus Travma Acil Cerrahi Derg. 
2017 Jul;23(4):294- 300. 





Intensive Care Med. 2016 Dec;42(12):1935-1947.



LR (+) = 9.4





Crit Care. 2017 Nov 17;21(1):279.

Echocardiogram
is

OK





J Surg Res. 2018 Apr;224:207-214.



Evid Based Complement Alternat Med. 2012;2012:513638. 

Brachial artery
Peak Velocity



AUC: 
Δ VpeakPLR 0.898 
VVpeakbrach 0.891

Δ VpeakPLR :
• >10.6% 
• Sensitivity  82.1% 
• Specificity  88.2%. 
ÎLR (+) 7 ; LR (-) 0.2

VVpeakbrach:
• > 10.95% 
• Sensitivity 78.6%
• Specificity 91.2%.
ÎLR (+) 8.9 ; LR (-) 0.23



Threshold Sensitivity Specificity LR(+) LR(-)

ΔCDPV 13.0 78% 90% 7.8 0.24

SVV 11.5 75% 85% 5 0.29

ΔVpeak brach 11.7 70% 80% 3.5 0.38

ΔIVC 20.5 67% 77% 2.9 0.43

Am J Emerg Med. 2017 Sep;35(9):1258-1261.

ΔCDPV     Carotid Doppler Peak Velocity



Flow Time Corrected (FTC)

Crit Care Nurse. 2015 Feb;35(1):11-27.

Flow 
time 

1/3 
SYSTOLE

2/3 
DIASTOLE

• Corrected to HR of 60 bpm
• Normal FTC 330-360 ms
• FTC = (Flow Time)/ √ T RR



FTc: 0.870 (0.708-0.979;p=.009)
CVP 0.771 (0.574-0.968;p=0.055)
IVCD: 0.510 (0.265-0.756; p=0.941)

9 The optimal cut-off value for FTc
was 301 ms
- sensitivity=88.2%
- specificity=88.8%

J Korean Soc Emerg Med 2012;23(1): 56-61.

Validity of Corrected Flow Time (FTc) as a Predictor of Fluid 
Responsiveness in Patients with Sepsis-induced Hypotension

LR(+) = 7.9
LR(-) = 0.13



Corrected flow time (FTC) is measured FROM the beginning 
of systolic upstroke TO the dicrotic notch...

J Crit Care. 2014 Aug;29(4):486-8.

J Crit Care. 2015 Dec;30(6):1199-203.

Carotid a.



Comparing Changes in Carotid 
Flow Time and Stroke Volume 
Induced by Passive Leg Raising

Am J Med Sci. 2018 Feb;355(2):168-173.



Ann Noninvasive Electrocardiol. 2017 Apr 22.

Flow time in ECG FTC = (Flow Time)/ √ T RR

Flow

Flow



Who is fluid responsiveness?  By dynamic evaluation 

Methods Measure/ Cut off value LR (+) LR (-) Reference

Passive leg raising △CO 10% 9.4 0.16 Intensive Care Med. 2016 
Dec;42(12):1935-1947.

Passive leg raising △brachial a. peak velocity 10.6% 7 0.2 J Surg Res. 2018 Apr;224:207-214.. 

Passive leg raising △corrected flow time 24.6% 7.2 0.4 Am J Med Sci. 2018 
Feb;355(2):168-173. 

Variation of peak velocity in artery △ brachial a. 10.95% 8.9 0.23 J Surg Res. 2018 Apr;224:207-214.. 

Variation of peak velocity in artery △ carotid a. 13% 7.8 0.24 Am J Emerg Med. 2017 
Sep;35(9):1258-1261.

Collapsibility Index  in vein △ IVC, variable cut off value 2.84 0.38 J Intensive Care Med. 2018 Jan 
1:885066617752308.

Collapsibility Index  in vein △ internal jugular vein 36% 5.2 0.26 Ulus Travma Acil Cerrahi Derg. 
2017 Jul;23(4):294- 300. 



Respiratory Variation
in

Inferior Vena Cava Diameter



JAMA. 2016 Sep 27;316(12):1298-309.





9 Sensitivity 0.71 (95% CI: 0.62-0.80)
9 Specificity 0.75 (95% CI: 0.64-0.85)
Î LR(+) : 2.84 (1.72-8.17) ; LR (-) : 0.38 (0.28-0.98)

J Intensive Care Med. 2018 Jan 1:885066617752308.

Accuracy of Ultrasonographic Measurements of Inferior 
Vena Cava to Determine Fluid Responsiveness: A Systematic 
Review and Meta-Analysis.



Shock. 2017 May;47(5):550-559. 



Shock. 2017 May;47(5):550-559. 



1. Mechanical ventilation with 
high   PEEP and/or low tidal 
volumes.

2. Assisted ventilation modalities, 
NIV, CPAP.

3. Varying respiratory pattern in 
spontaneous breathing.

4. Asthma/COPD exacerbation.
5. Chronic RV dysfunction, 

severe TR.

6. RV myocardial infarction.
7. Cardiac tamponade.
8. Intra-abdominal hypertension
9. Local mechanical factors.
10. Patients with pronounced IVC 

inspiratory lateral displacement.

Intensive Care Med. 2016 Jul;42(7):1164-7.



Crit Ultrasound J (2010) 2: 13.

Internal Jugular Vein Collapsibility Index 

IJV-CI



Ulus Travma Acil Cerrahi 
Derg. 2017 Jul;23(4):294-
300.

9IJV-CI of > 36% before PLR maneuver had 78% sensitivity and 
85% specificity to predict responder. Î LR (+) 5.2 ; LR (-) 0.26
9Less time was needed to measure venous diameters for IJV-CI 

(30 seconds) compared with IVC-CI (77.5 seconds; p<0.001).

The value of internal 
jugular vein collapsibility 

index in sepsis



Am J Emerg Med. 2017 Sep;35(9):1335-1347.
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http://www.scymed.com/en/smnxph/phkds224.htm





IVC collapsibility index (IVCCI)
= (MAX IVC diameter – min IVC diameter)/

MAX IVC diameter) × 100

IVC diameter 

PLUS

J Am Soc Echocardiogr. 2010 Jul;23(7):685-713





Predicting Central Venous Pressure by Measuring 
Femoral Venous Diameter Using Ultrasonography

Cureus. 2016 Nov; 8(11): e893.

CVP (cmH2O) = -0.039 + 10.718* FVD

CVP (mmHg) = (-0.039 + 10.718* FVD)/1.36

Measurement of Femoral Vein Diameter by Ultrasound to 
Estimate Central Venous Pressure.

FVD ≤ 0.7 cm ÎCVP <   8 mm Hg [sensitivity 95% ; specificity 89%]
FVD ≥ 1.0 cm ÎCVP > 12 mm Hg [sensitivity 70% ; specificity 70%]

Ann Am Thorac Soc. 2016 Jan;13(1):81-5.



NO!!!!!

One of Michael Pinsky’s hemodynamic rule:

Professor of Critical Care Medicine with secondary appointments in Cardiovascular 
Diseases, Clinical & Translational Science, Anesthesiology and Bioengineering at the 
University of Pittsburgh



Am J Emerg Med. 2017 Sep;35(9):1335-1347.
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Brendan Smith, MD

Professor at
Notre Dame University

Director of ICU 
at Bathurst Base Hospital

Australia



The Smith-Madigan Index
= potential energy + kinetic energy
= (MAP-CVP)X SV/FT + 1/2mV2

Measurement of Inotropy
Br J Anaesth. 2013 Oct;111(4):580-8.



Systolic Time Ratio (STR) 
= PEP/LVET 

Clin Hypertens. 2017 Dec 27;23:28. 

Measurement of Inotropy

Index of Contractility (ICON) 

Peak (first 10-40 ms) acceleration of 
blood flow in aorta

J Cardiovasc Magn Reson. 2011; 13(1): 7.



Thanks for your attention


