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HOW MEASURE HEMODYNAMIC 

CHANGES  

Swan Gans 

catheter 

TTE 

Advanced echo 

CMR 

 

 

Invasive  vs 
noninvasive 

Use of contrast 

Influenced by 
preload, afterload 

Patient position 

Small numbers of 
patients 

ñMoving targetò 

 

 



PREGNANCY: SYSTOLIC FUNCTION  

Ability of heart to generate force and shorten 

Surrogates:  

ÅCardiac output = Stroke Volume x HR 

ÅFractional shortening 

ÅEjection fraction 

ÅStrain 

ÅStroke work 

 

Van Oppen et al. Obstet Gynecol 1996; 87: 310 

[nice review of multiple studies] 

Savu, O et al Circ Cardiovasc Imag 2012; 5: 289 



MEASUREMENT OF EJECTION FRACTION  

Visual Estimate 

Simpsonôs Rule 

ÅInfinite # disks 

ÅEDV-ESV/EDV = 
EF 

Studies variable  

Å    ᴻEF,    ȢEF,  no ȹ 

Preload afterload 
sensitive 

EDV 

ESV 

170.2 ml-73.1ml  /  170.2 ml =  

59%           



ECHO ASSESSMENT OF HEMODYNAMICS 

NORMAL PREGNANCY  



MYOCARDIAL MECHANICS STRAIN  

LONGITUDINAL 

CONTRACTION  

RADIAL 

CONTRACTION  



TORSIONAL MECHANICS  



LONGITUDINAL STRAIN  

Global longitudinal strain using speckle tracking  

Significant increase in EDV, CO increased, CI  

But EF diminished 

Ventricle more spherical 

Global longitudinal strain decreased 

They find decrease in all strain measures, may reflect that 

speckle tracking angle independent 

 

 

 

 

 

 

 

 

 

 

Cong et al. Int J Cardiovasc Imaging 2015: 31:1361 



RT3DE  

No geometical assumptions  

Unaffected by foreshortening 

More accurate and reproducible compared to other imaging 

modalities 

Lower temporal resolution 

Less published data on normal values 

Image quality dependent 

 



RT3DE PREGNANCY  

43 normal pregnant women T1, T2, T3  

LV mass increased 

EF decreased 

Ventricle more spherical 

E/eô increased but remained within normal limits (upper 

normal) 



DETERMINANTS OF 

DIASTOLIC FUNCTION  

    PRELOAD 

LV 

GEOMETRY 

MYOCARDIAL STIFFNESS 

RV-LV INTERACTION 

PERICARDIUM 

Atrial 

Contraction 

ACTIVE LV RELAXATION 

HEART 

RATE 



T2 
T3 

IS THIS NORMAL OR ABNORMAL?  

T3 T2 



DIASTOLIC FUNCTION IN NORMAL 

PREGNANCY  

E wave increased in 
pregnancy vs post 
partum 

 Increased blood volume 

E/A ratio decreases 

 ? Worse diastolic fxn 

E/eô remains normal 
throughout  
asymptomatic pregnancy  

Nl LVEDP 

 

 
Fok et al. Ultrasound Obstet Gynecol 2006 28: 789 



PREECLAMPSIA: DIAGNOSIS  

Blood Pressure Ó 140/90 mm Hg on at least 2 occasions at least 

4 hours apart after 20 weeks gestation (newly 

diagnosed) 

Ó160/110 mm Hg   

on two occasions 

ANDé 

Proteinureia Ó300 mg per 24 hr urine or 

Protein/creatinine ratio Ó 0.3 mg/dl 

ORé 

Thrombocytopenia Platelet count < 100,000/microliter 

Renal insufficiency Serum creatinine concentration > 1.1 mg/dl or 

doubling of serum creatinine concentration in 

absence of other renal disease 

Impaired liver function Transaminases > twice control 

Pulmonary edema 

CNS/visual symptoms 



PATHOGENESIS PREECLAMPSIA  

Å Placental abnormalities lead 

to release of antiangiogenic 

factors such as sFlt1, 

soluble endoglin leads to 

endothelial dysfunction 

Åŷ vascular permeability, 

vasoconstriction,  

Å activation of the coagulation 

system,  

Å micorangiopathic hemolysis 

hypertension 

Å proteinuria 

 



PREECLAMPSIA  AND CVD RISK  

Brown MC et al. EurJEpidemiol 2013 28: 1 > Double the Risk 



WHATõS THE LINK?  MARKER OR CAUSE? 

SHARED RISK 

FACTORS  

Hypertension 

Diabetes 

Obesity  

Renal disease 

Family hx htn or 

dm 

African American 

 

SHARED VASCULAR 

FACTORS  

Pathologic lesions 

Endothelial 

dysfunction 

Vasomotor 

dysfunction 



CHANGES IN LV FUNCTION IN 

MOTHERS WITH PREECLAMPSIA  

Systolic function Diastolic function 

Timing of 

study 

Cardiac 

output 

EF Longitudinal 

TDI 

E/a E/eô 

Early 

pregnancy 
 ᴻ  ᴻ

Late 

pregnancy 
 Ȣ   ͯ or   Ȣ    ͯ or   Ȣ    ͯ or   Ȣ  ᴻ

 1 yr pp  Ȣ

> 1 yr pp  ͯ  ͯ

Davis E et al. Circ Cardiovasc Imaging. 2012; 5: 691 



CHANGES IN PREECLAMPSIA  

2D Imaging (EP and LP) 

 ventricles bigger than controls 

 EFôs similar 

 RWT bigger than controls 

  E/eô : EP > LP > control 

  eô velocities decreased 

3D Imaging 

 LV volumes bigger  and more  

 spherical than controls 

 EP volumes bigger than LP 

 EF Ź in PE but less in LP 

 LVMi: EP > LP > control 

Speckle Tracking: strain reduced 

   

 

 

 

More eccencentric 

hypertrophy 

 

Worse myocardial 

compliance 

 

Greater filling pressures 

Cong J et al. Int J Cardiovasc imaging 2015; 31:805 

Cong J et al. Int J Cardiovasc imaging 2015; 31:1361 



 

Central Pressure and Brachial Pressure are not the same 

Brachial             
Pulse Pressure  

(BPP) Central             
Pulse Pressure  

(CPP) 

ἜἽἴἻἭ ἜἺἭἻἻἽἺἭ ἋἵἸἴἱἮἱἫἩἼἱἷἶ ἜἜἋ
"ÒÁÃÈÉÁÌ 0ÕÌÓÅ 0ÒÅÓÓÕÒÅ "00

#ÅÎÔÒÁÌ 0ÕÌÓÅ 0ÒÅÓÓÕÒÅ #00
 

Brachial Pressure Waveform 
 

Central Pressure Waveform 

AORTIC PRESSURE WAVEFORM 



PULSE -WAVE ANALYSIS  

Enables analysis of 

the aortic pressure 

waveform, which is a 

combination of: 

ÅForward waveform from 

the left ventricle 

ÅReflected wave from the 

arterial tree 

ÅCan be used to assess 

arterial stiffness 

 



PULSE -WAVE ANALYSIS  

Stoner L et al. Int J Vasc Med. 2012:903 

Augmentation Index = AP/PP 



SO IN 2016 WHAT DO I KNOW 

ABOUT HEMODYNAMICS?  

In normal pregnancy cardiac output increases, SVR 

decreases 

The left atrium enlarges and there is an increase in mass  

There are changes in diastolic function but they may be 

physiologic and related to the tachycardia and volume load 

of pregnancy 

In preeclampsia women are hypertensive, peripheral vascular 

resistance is increased, there is an increase in LV mass. Left 

ventricular end diastolic pressure is increased, the left atrium 

enlarges and there are changes in diastolic function and 

subtle changes in systolic function. 

 



SAMPLE SIZE TO DETECT 

10% CHANGE 2D ECHO 

VS CMR  

Sample Size P value 

LVEDD 2D-echo 509 P< 0.05 

LVEDD CMR 261 (51%) 

LVM 2D echo Teicholz 2443 

LVM 2D echo biplanar 898 P < 0.01 

LVM CMR 35 (1.4%) P<0.001 

LVEF 2D echo  609 

LV-EF CMR 91 (15%) P < 0.001 

Strohm et al. JMRI 2001; 13: 367 

Grothus et al AmJCardiology 2002; 90:29 

Bellenger et al JCMR 2000; 2: 271 

 

Sample size to detect 10% 

change 

 

LVEDD 2D Echo 509 vs 261 by 

CMR 

LV mass by Echo 898 vs 35 by 

CMR 

LVEF by Echo 609 vs 91 by CMR 



BLIND MEN AND AN ELEPHANT  

Cardiac 

Hemodynamics 

Pregnancy 

Strain 

Analysis 

Patient 

Position 
Timing 

of 

Imaging 

Patient 

Factors 

2D Echo 

Arterial 

stiffness 

(PWA) 

RT3DE 



UNIFYING THEORY PRECLAMPSIA  

Preclampsia 

Placental 
factors 

Preplacental 
factors 

Fetal factors 



THANK YOU!  


