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HOW MEASURE HEMODYNAMIC
CHANC e



PREGNANCY: SYSTOLIC FUNCTION

Ability of heart to generate force and shorten
Surrogates:

ACardiac output = Stroke Volume x HR
AFractional shortening

AEjection fraction

AStrain

AStroke 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
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ECHO ASSESSMENT OF HEMODYNAMICS
NORMAL PREGNANCY
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MYOCARDIAL MECHANICS STRAIN

LONGITUDINAL RADIAL
CONTRACTION CONTRACTION

Endocardium

Midmyocardium .
Endocardium

Epicardium Midmyocardium

Epicardium




TORSIONAL MECHANICS




LONGITUDINAL STRAIN

AP4 111
16:19:05
HR =55 bpm

Global longitudinal strain using speckle tracking
Significant increase in EDV, CO increased, ClI
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/ ed i ncreased but
normal)

remai ned

wi t hi




DETERMINANTS OF
DIASTOLIC FUNCTION
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IS THIS NORMAL OR ABNORMAL?




DIASTOLIC FUNCTION IN NORMAL
PREGNANCY

E wave increased In S HEALTHY WOMEN
pregnancy vs post .
partum
Increased blood volume °* Q\\\%
E/A ratio decreases , 15
“+=E/A

Ratio

+e|/a|

? Worse diastolic fxn 1
E/ ed0 remai ns N OT ma |

throughout
asymptomatic pregnancy o

NI LVEDP
Fok et al. Ultrasound Obstet Gynecol 2006 28: 789

1st Tri 2nd Tri 3rdTri Post Partum




PREECLAMPSIA: DIAGNOSIS

Blood Pressure

ANDEé
Proteinureia

ORE
Thrombocytopenia
Renal insufficiency

Impaired liver function
Pulmonary edema
CNS/visual symptoms

O 140/90 mm Hg on at |
4 hours apart after 20 weeks gestation (newly
diagnosed)

O1 6 0 /nmimlHy
on two occasions

O300 mg hpuwineo? 4
Protein/creatinine ratio 00.3 mg/d|

Platelet count < 100,000/microliter

Serum creatinine concentration > 1.1 mg/dl or
doubling of serum creatinine concentration in
absence of other renal disease

Transaminases > twice control

e

c




PATHOGENESIS PREECLAMPSIA

VEGE
TGF-1 !

b= £
B
m
86 §
Endothelial health
Blood vessel relaxation

© SFLT1

i

- v,i::j _ '
Blood vessel \ /
Ischaemic

placenta Endothelial dysfunction

impaired relaxation

sFLT-1 VEGF PIGF FLT-1

Healthy
placenta

AlKS
TBRI

A Placental abnormalities lead
to release of antiangiogenic
factors such as sFilt1,
soluble endoglin leads to
endothelial dysfunction

Ay vascul ar
vasoconstriction,

A activation of the coagulation
system,

A micorangiopathic hemolysis
hypertension

A proteinuria

per mea




PREECLAMPSIA AND CVD RISK

CWD cases!
CVD cases/ Uncomplicated
Study FPre-eclampsia pregnancies OR (95% Cl)
Cohoart Studies E
Freibert ot al 2012 Q222 45/2558 — 2.31 (1.1, 4.78)
Funai et al 2005 411055 269/ 368558 ! 5.50 (394, 758
Hannafard et al 1857 E9/3000 216/18451 . 1.98 (1,51, 2.81)
Haukkamaa et al 2009 2135 25/480 - 0.98 (0,22, 4.21)
Irgens et al 2001 27124155 325/602117 = 2.07 (1.40, 3.07)
Kaaja et al 2005 10/397 25/3162 —— 3.24 (1,55, 6.80)
Lykke et al 2008 84633826 ATTITAIN2 - 1.82 (1.79, 2.06)
Mongraw-Chaffin et al 2010 24/481 242713822 = 2.87 (1.83, 456)
Smith et al 2001 12122781 31106509 T 1.81 (0.83, 3.53)
Wikstrom et al 2005 17612533 2306/383081 - 2.35(2.02, 2.74)
Wilson at al 2003 481043 38/756 -, D.96 (0.62. 1.45)
Subtotal & 2.24 (1,80, 2.80)
'
Case-control Studies :
Croft & Hannaford 1589 3293 119/513 - 2.39(1.51,. 379
Haukkamaa et al 2004 29/32 112/208 :—'— 3.29 (2.45, 28.05)
Mann et al 1976 21/43 53227 N 3,13 (1,60, 6.14)
Rosenberg et al 1933 26/36 229/971 = 1.40 (0,87, 2.28)
Subtotal '4:-'-' 2.57 (1.49, 4.45)
Crerall ¢I 2.28 (1.87, 277)
|
MOTE: Wieights are from random efiects analysis . =

b =
in —
—
(-
=
o —
=
L)
Bad
B

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



WHATO0OS THE LI NK? MARKER

SHARED RISK SHARED VASCULAR
FACTORS FACTORS

Hypertension Pathologic lesions

Diabetes

Endothelial
Obesity dysfunction
Renal disease Vasomotor

Family hx htn or dysfunction

dm

African American




CHANGES IN LV FUNCTION IN
MOTHERS WITH PREECLAMPSIA

Timing of Cardiac EF Longitudinal E/a E/ e0
study output TDI
Early )y )y
pregnancy
Late 8 X or 8 X or o X or 8 7
pregnancy
1yrpp 8
>1yrpp X X

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




CHANGES IN PREECLAMPSIA

2D Imaging (EP and LP)

ventricles bigger than controls

EF6s similar :
_ More eccencentric
RWT bigger than controls

hypertrophy
E/ ed : EBntrel LP >
ed6 velocities decr ealVorsemyocardial
_ compliance
3D Imaging
LV volumes bigger and more Greater filling pressures

spherical than controls

EP volumes bigger than LP
EF Z in PE but Il ess in LP
LVMi: EP > LP > control

Speckle Tracking: strain reduced

Cong J et al. Int J Cardiovasc imaging 2015; 31:805
Cong J et al. Int J Cardiovasc imaging 2015; 31:1361




AORTIC PRESSURE WAVEFORM

Central Pressure and Brachial Pressure are not the same

- Brachial Pressure Waveform
Central Pressure Waveform

|

Brachial
Pulse Pressure

(BPP) Central
Pulse Pressure

l (CPP)
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PULSE -WAVE ANALYSIS

af

A

Enables analysis of
the aortic pressure
waveform, which is a
combination of:

AForward waveform from
the left ventricle

AReflected wave from the
arterial tree

ACan be used to assess
arterial stiffness




PULSE -WAVE ANALYSIS

Systolic

pressure -

Augmentation
pressure (AP)

Reflected
wave

|
Pulse | ¢—— Dicrotic
pressure | Eorward | notch
(PP) | wave |
|
|
|
|
|
I
Diastolic |
|

pressure ¥ ———— <

Augmentation Index = AP/PP
Stoner L et allnt JVascMed. 2012:903




SO IN 2016 WHAT DO | 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 CN Sample size to detect 10%

. change |
LVEDD 2D-e(
LVEDD CMR
LVEDD 2D Echo 509 vs 261 by
LVM 2D echc CMR
LVM 2D echc
wevr LY Mass by Echo 898 vs 35 by
CMR
LVEF2Dech | \/EF by Echo 609 VS 91 by CMR
LV EF CMR oa W vy ~ vivua

Strohm et al. IMRI 2001; 13: 367
Grothus et al AmJCardiology 2002; 90:29
Bellenger et al JCMR 2000; 2: 271




BLIND MEN AND AN ELEPHANT

Cardiac
Hemodynamics =
Pregnancy
FETHE TR [ LLITINC LA .




UNIFYING THEORY  PRECLAMPSIA

Preplacental
factors

Placental

factors Fetal factors

Preclampsia




THANK YOU!




