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Normal Hemodynamic Values

ÅCardiac index 2.8-4.2 

(mean 3.4 L/min/m2)

ÅStroke volume 30-65 

(mean 47 mL/beat)

ÅA-V O2 Difference, mL/L 

blood 30-48 (mean 38)

ÅBrachial 90-140/60-90, 

mean 70-105 mmHg

ÅLVED 5-12

ÅLA or PAW 5-12

ÅPA 15-28/5-16, mean 10-

22 (avg 16)

ÅRVED 0-8

ÅRA 0-8

ÅLV volume index (mL/m2) 

EDV 50-90, ESV 15-25

ÅSVR 900-1400 (mean 

1150 dyn*s/cm5)

ÅPAR 45-120 (mean 70)

LeWinter MM et al. Chapter 4, Hurst, 11th ed. 2004, p.90



Normal Values Derived at BAMC
Location Nml Maximal Resp Variation

Å RA,a 9 ?12 2

Å RA.v 6 ?12 2

Å RA,X nadir 3-4

Å RA mean 6 8 2

Å LA,a 10 16

Å LA,v 12 3-4

Å LA mean 8 12

Å RV systolic 27 35 2-3

Å RVED 5 7 1-2

Å LV systolic 120 135 4-8

Å LVED 10 12 3-4

Å PA systolic 22 30 3-4

Å PA diastolic 12 15 3-4

Å PA mean 15-17 18 (20) 4-5



Normal Left Ventricular ïLeft Atrial Relationship



Criley JM and Ross RS, Tampa Tracings, 1971

Normal Left Heart Waveforms



Technique of V Wave Measurement
ÅPCW pressure versus direct LA pressure (Fluid-filled catheter 

systems)

ï0.06 sec delay (Hurst, 10th ed. 2001, p.485, Kern co-author)

ï50-70 msec delay (Grossman, 6th ed, p.198, 6th ed, p.109 Fig. legend)

ï70 +/- 15 msec delay (meanÑSD, Grossman 6th ed, p.109, Lange, JACC
ô89, wedge with 8F Goodale-Lubin, expect longer delay and more 
damping with smaller softer catheters)

ï40-100 msec delay (Kern, p. 62)

ï100-150 msec delay (Kern, Hurst, 11th ed. 2004, p. 519)

ï140-200 msec delay (Kern, p. 94)

ïAlignment is by placing peak of V wave at or slightly to the left of (just 
before) the crossing of LV pressure (Grossman, 6th ed, p. 198)

ïAlign the peak of the V wave to the downslope of the LV pressure 
(Kern, p. 62)

ïY descent slope is less steep (Kern, p. 98)

ïLA pressure is overestimated by about 1.7 mmHg (Lange, 1989 as per 
Grossman, 6th ed p. 197; 2-4 mmHg per Kern, p. 62, 94)



PCW May Overestimate LA 

Pressure

ÅAcute respiratory failure

ÅChronic obstructive lung disease with 

pulmonary hypertension

ÅPulmonary venoconstriction

ÅLV failure with volume overload

ÅTechnical factors

ïDifferent types of catheters

Kern MJ et al. Chapter 17. Hurst, 11th ed.  2004; p. 512



Assessing the LA V Wave

ÅV wave peak of twice mean pressure may be seen 
without significant MR, but is suggestive of severe 
MR

ÅV wave peak of three times mean pressure almost 
certainly indicates severe MR

ÅNormal V wave doesnôt exclude severe MR at all

ÅLV failure from any cause can give large V wave 
(distended LA becomes relatively noncompliant)

ÅHigh pulmonary blood flow can give large V wave 
(acute VSD) even >50mmHg

Grossman, 6th ed, 2000; p. 766



Hypothetical LA Diastolic  P/V Curves

Tice FD et al. Am J Cardiol.1995;75:58-60.
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Kern, 1999, p. 96 A = noncompliant;  B = compliant



V Wave 

Physiology

ÅAtrial three phases in 
the cardiac cycle:
ïReservoir (ventricular 

systole)

ïConduit (ventricular 
diastole)

ïContraction (atrial 
systole)

ÅPressure increases as 
volume increases
ïDepends on chamber 

compliance

ïDepends on rateé 
there are viscous 
forces

ïCurvilinear

Stefanadis C et al. JACC. 1998;32:159.  Human, hi-fi pressure, echo LA area automated

MV open

LA reservoir function

LA pump function

MV close



V Wave Physiology

Stefanadis C et al. JACC. 1998;32:159

RNBMV ïretrograde nontransseptal 

balloon mitral valvuloplasty



V Wave Physiology

Stefanadis C et al. JACC. 1998;32:159



Normal LA Pressure Waveform

Criley JM and Ross RS, Tampa Tracings, 1971



Summary:

Causes of Large V Wave

ÅLarge regurgitant flow (mitral 
regurgitation)

ÅStiff atrium (mitral stenosis, post cardiac 
surgery, infiltrative disease)

ÅHigh atrial volume (and distending 
pressure; example acute VSD, 
decompensated left heart failure)

ÅHigh heart rate*

Kern MJ et al. Chapter 17, Hurst, 11th ed. 2004; p. 520.   *Kern, p. 96.



Right Heart Pressures with 

Goodale-Lubin

Grossman, 6th ed, 2000; p. 108



Grossman, 6th ed, 2000; p. 109 (from Lange RA et al. JACC1989;13:825)

Each time mark is 0.05 sec



From the Brooke Army Medical Center Hemodynamic Collection

Acute Mitral Regurgitation



Acute Mitral Regurgitation

Hurst, 2004, p.1689



Grossman, 2000, p. 766
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Grossman, 6th ed. 2000, p. 767



Acute MR with Balloon 

Valvuloplasty for MS

Wang A et al, Am J Cardiol. 1998;82:1388.

Poor LA compliance 

associated with large V wave

Severe MR after 

valvuloplasty (i.e. acute) was 

associated with increase in V 

wave (10 mmHg for severe)

Successful valvuloplasty 

associated with decrease in V 

wave (9 mmHg)

Pre:  30 mmHg

Post:  60 mmHg

http://gateway2.ovid.com/ovidweb.cgi?View+Image=00000416-199812010-00015|FF1&S=IDNJHKDKAGLKDN00D


Why the large V wave?

Kern, 1999, p. 94



Large V wave.  V wave alternans.  Advanced CHF.  

Also had pulsus alternans of aortic pressure.

No mention of MR.  69 year old man.

Kern, 1999, p. 94



Normal PCW Pressure

Kern, 1999, p. 95



Comparison of LA and PCW

Kern, 1999, p. 95


