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Method

Echocardiography

All subjects were studied by two-dimensional and Doppler trans-thoracic echocardiography at rest in the left lateral decubitus position and data acquired at end expiration from standard parasternal and apical views using a GE Vivid 9 scanner. For each acquisition, three cardiac cycles of non-compressed data were stored in cine-loop format and analyzed off-line by one investigator (KM) on a dedicated workstation (GE Echopac system) to derive conventional and tissue Doppler indices. The investigator who performed the off-line analysis was blinded for patient group derivation.

Cardiovascular system assessment

Chamber left ventricular (LV) diastolic function, left heart chamber filling pressures and geometry were assessed and graded using standard diagnostic algorithms with the recommended adjustments reflecting the concomitant systolic function and further adjustments reflecting the pregnant state.17-20,25 As diastolic indices are strongly affected by age, in order to properly interpret cardiac findings age-adjusted cut-off for diastolic indices were used differentiating the 20-39 year age group. Indices were only considered as abnormal for the categorical analysis if they were >2 SDs from the expected mean for the age group.10-13 Pregnancy is a state of changing loading, in order to limit the effects of preload and after-load on the measurement of chamber function emphasis was given to those cardiac indices which are least affected by loading conditions (left lateral more than septal tissue Doppler indices).18, 26 Finally, in view of the acute nature of PE on the cardiovascular system, specific importance was given to indices that reflect diastolic function at the time of assessment (transmitral, pulmonary and TD velocities, time inter intervals, and regional deformations) rather than indices of left atrial remodeling, which commonly reflect the cumulative effect of filling pressure in chronic conditions such as longstanding essential hypertension.18 Regional longitudinal diastolic function was assessed by measuring color TD early and late diastolic velocity and strain rate indices positioning the sample at the level of the basal and midsegments of the inferoseptal and anterolateral LV walls in 4-chamber view. Early/late diastolic myocardial TD index ratio of <1 was taken as an index of altered segmental relaxation (segmental diastolic dysfunction) as previously proposed.29,30
The following diastolic indices were measured: mitral inflow and pulmonary flow velocity and time interval indices; septal and lateral mitral annular pulsed tissue Doppler velocity indices in 4 chamber view; Color TDI velocity indices at the basal and mid segments of the inferoseptal and anterolateral LV walls. Other clinically validated indices were derived from the previous ones using standardized formulae.

LV chamber radial systolic function was derived by measuring ejection fraction (EF) from Simpson’s modified biplane method from apical four-chamber and two chamber views. LV chamber radial systolic dysfunction was defined as EF less than 55%. LV longitudinal systolic function was derived by measuring color tissue Doppler velocity and displacement indices at the level of the basal and mid segments of the inferoseptal and anterolateral LV walls. Longitudinal systolic dysfunction was defined as average peak systolic color tissue Doppler velocity at the basal level of the anterolateral and septal LV wall index (Av Sm divided by LV long axis length) two SDs below the expected mean for age.18 LV cavity dimensions, wall thickness, volumes and mass were calculated using linear measurements as previously described25 (please see the expanded method in supplementary material). LV geometry was defined as normal if relative wall thickness was below or equal to 0.42 and left ventricular mass index was below or equal to 95 g/m2 and altered in all the other circumstances (please see supplementary material). Hemodynamic indices were calculated by Doppler methods using standardized formulae (please see supplementary material). The severity of LV dysfunction and remodeling was diagnosed and graded accordingly to the European Association and American Society of Echocardiography (EAE/ASE) guidelines.19 Please see the expanded method in supplementary material for details of right-sided cardiovascular system assessment.20
Strain and strain rate assessment

Strain and strain rate indices were investigated as previously described.17, 27 Segmental peak systolic strain rate was considered abnormal if it was two SDs below the expected mean for age.28-30 If at least one myocardial segment was affected, it was termed segmental myocardial systolic dysfunction. Early to late diastolic strain rate ratio was considered abnormal if it was two SDs below the expected mean for age.28-30 If at least one myocardial segment was affected, it was termed segmental myocardial diastolic dysfunction. If the average of the investigated segments was below the cut-off value was termed systolic or diastolic myocardial dysfunction, respectively. Color TDI and color TDI-encoded strain and strain rate analysis are detailed in the expanded method in supplementary material.

Correction of indices and cut-off values

Cardiac functional and geometric status is affected by body size.31 In order to account for the changing body size in pregnancy and among individuals, conventional echocardiographic indices were normalized for the body surface area using the DuBois and DuBois formula (BSA = (W0.425 x H0.725) x 0.007184 where the weight is in kilograms and the height is in centimeters). Tissue Doppler velocity and displacement indices have recently been shown to require scaling for LV length in healthy humans.32 In order to account for the hypothetical change in LV geometry in pregnancy and among individuals, tissue Doppler velocity and displacement indices were adjusted for the actual end-diastolic left ventricle long axis length. The average peak systolic color tissue Doppler velocity at the basal level of the anterolateral and inferoseptal LV wall index (Av Sm/LV long axis length) two SDs below the expected mean for age was calculated to be 0.5 for an age ranging between 20 and 40 years, corresponding to a cut off value of 4 cm/sec when the velocity is not normalized for LV geometry as previously described.25 The latter value is in agreement with previous literature.33,34 Average peak systolic strain rate and average early to late diastolic strain rate ratio two SDs below the expected mean for an age ranging between 20 and 40 years was calculated to be 0.90 and 1, respectively. These values are in agreement with previous literature.28,35
Repeatability and reproducibility

In brief, to test inter-observer and intra-observer reproducibility, two independent operators undertook off-line analyses on the cine-loops from 10 randomly selected women and repeated this after one month.25 The 95% limits of agreement, coefficients of variation, within-subjects standard deviations and repeatability coefficients were calculated and previously published in extent.25 The intra-observer and inter-observer coefficients of variation ranged between 1.7% and 12% for all conventional, tissue Doppler, strain and strain rate indices.25 The intra- and inter-observer 95% limits of agreements were good for all indices.25 Furthermore, in this study all deformation indices were derived and analyzed by a single operator (KM) using a single ultrasound platform, thereby minimizing errors due to reproducibility and different equipment manufacturers.

Calculation of echocardiograhic indices
Stroke volume (SV) was calculated as the product of aortic Doppler flow velocity time integral and cross-sectional area of the left ventricle outflow tract. SV index (SVI) was calculated as SV divided by body surface area (BSA). 
Cardiac output (CO) was obtained as the product of stroke volume and heart rate derived from ECG monitoring. Cardiac index (CI) was calculated as CO divided by BSA. 
Mean arterial pressure was calculated as [systolic blood pressure+(2xdiastolic blood pressure)]/3.
Total vascular resistance (TVR) was calculated in dynes x sec x cm-5 according to the formula: TVR = (Mean arterial pressure in mmHg/CO in L/min) × 80. TVR index (TVRI) was calculated as TVR multiplied by BSA. 
Cardiac work (CW) was calculated using the formula: CW=CO x MAP
Relative wall thickness (RWT) was calculated as following: RWT=2xLVPWd/ LVEDD. Where LVPWd is LV posterior wall thickness in diastole and LVEDD is LV end diastolic dimension.

Left ventricle meridian end-systolic stress (ESS) was calculated using cuff systolic blood pressure  (SBP) taken at the end of the echocardiographic examination. ESS meridian = 1.35xSBPxLVESD)/[(4xLVPWs) x(1+{LVPWs/LVESD})], where LVESD is left ventricle end-systolic dimension and LVPWs is left ventricle posterior wall thickness in systole. 
Left ventricular mass (LVM) was calculated from LV linear dimensions based on modeling the LV as a prolate ellipse of revolution: LVM=0.8x(1.04[(LVEDD+ LVPWd +LVPWs)3-(LVEDD)3])+0.6 g. Where LVPWs is LV posterior wall thickness in systole. LVM index (LVMI) was calculated as LVM divided by BSA.

Cardiac geometry was defined accordingly to the following 4 mutually exclusive categories:

Normal geometry: normal LVMI (< 95 g/m2) and RWT (< 0.42).

Concentric remodeling: normal LVMI with increased RWT (> 0.42).

Eccentric remodeling: increased LVMI (> 95 g/m2) with normal RWT. 

Concentric hypertrophy: increased LVMI (> 95 g/m2) and RWT (> 0.42).
Right-sided cardiovascular system assessment
Right heart function and remodeling were assessed integrating conventional echocardiographic indices and tissue Doppler velocity and deformation indices following recently published guidelines. Right ventricle (RV) hypertrophy, RV enlargement, right atrial (RA) enlargement, RV longitudinal systolic dysfunction, RV global diastolic dysfunction were defined as present according to the European Association and American Society of Echocardiography 2010 guidelines.12
Technical details for color tissue Doppler and color tissue Doppler-encoded strain and strain rate analysis are provide in the supplementary material.
Color Tissue Doppler study and derived myocardial deformation analysis was performed at the level of the inferoseptal, anterolateral and right ventricle walls in 4-chamber view with samples positioned at the level of the base and mid myocardial segments. Frame-by-frame manual tracking was performed during post-processing to maintain the computational area within the myocardial region of interest throughout the cardiac cycle. Aortic valve opening and closure were defined using pulsed wave Doppler tracings acquired during the same examination and with a similar R–R interval in order to determine the duration of ejection. A frame rate of 200–300 frames per second was used to acquire data. An image sector angle of 15° and an optimal depth of imaging were used to increase temporal resolution. Special attention was paid to the color Doppler velocity range setting in order to avoid any aliasing within the image. For this purpose and to simultaneously optimize velocity resolution, pulsed repetition frequency (PRF) values were set as low as possible, just avoiding aliasing. A computation area of 10 mm and with a width of 1 mm (to avoid averaging different ultrasound beams) was used. Color tissue Doppler encoded strain and strain rate indices were measured from the same myocardial regions. All parameters were averaged over 3 cardiac cycles. Tissue Doppler, strain and strain rate indices are given as absolute values.
Table S1. Demographic of study groups

	
	NPC

(n=50)
	T1

(n=109)
	T2

(n=105)
	T3

(n=102)
	Term

(n=95)
	PP

(n=98)
	P values

	Maternal age (years)
	30

(29-34)
	32

(29-35)
	31

(28-34)
	31

(25-35)
	32

(29-35)
	32

(29-36)
	NS

	Caucasian
	35
	73
	69
	60
	60
	68
	NS

	Afro-Caribbean
	7
	14
	16
	20
	15
	15
	NS

	Asian
	8
	22
	20
	22
	20
	15
	NS

	Height (m)
	1.67 

(1.60-1.69)
	1.65 

(1.58-1.70)
	1.65 

(1.60-1.69)
	1.65 

(1.59-1.71)
	1.66 

(1.60-1.72)
	1.67 

(1.61-1.72)
	0.09

	Weight (Kg)
	56 

(53-64)
	62 *

(55-61)
	65*†

(60-73)
	70*†‡

(64-80)
	75*†‡ 

(67-85)
	65*†§|| 

(60-75)
	<0.001

	BMI  (kg/m2) at echocardio
	21

(19-24)
	23*

(20-25)
	24*†

(22-27)
	26*†‡

(24-29)
	26*†‡

(24-30)
	24*†§||

(22-26)
	<0.001

	BSA (m2) at echo
	1.27

(1.22-1.36)
	1.39*

(1.22-1.64)
	1.51*†

(1.37-1.67)
	1.62*†‡

(1.48-1.75)
	1.72*†‡ §

(1.53-1.95)
	1.49*† §

(1.38-1.61)
	<0.001

	Gestational age at echo (wks; PP months)
	-
	12 (11-14)
	22 (20-23)
	28 (27-30)
	36 (35-38)
	12 (12-14)
	-

	Gestational age at delivery (weeks)
	-
	40.1

(39.1-40.8)
	40.0

(39.0-40.9)
	40.1

(39.7-41.1)
	40.4

(39.6-41.0)
	40.0

(39.0-41.1)
	NS

	Birth-weight (centile)
	-
	51

(36-79)


	48

(31-74)


	46

(31-69)


	54

(40-68)
	52

(35-88)
	NS


Data are expressed as median (interquartile range) or number of patients (percentage). NPC=non-pregnant controls, PP=post-partum, BMI=body mass index; BSA=body surface area; GA=gestational age; BW=birth weight. All the anthropometric measurements were taken at the moment of the echocardiographic assessment. S=significant; NS=not significant; *P<0.05 versus NPC; †P<0.05 versus T1; ‡P<0.05 versus T2; §P<0.05 versus T3; || P<0.05 versus term. 

Table S2. Right heart geometric and functional indices
	Parameter
	NPC
	T1
	T2
	T3
	term
	PP
	P values

	Geometric indices

	Right atrial volume (ml)
	37

(32-43)
	57*

(44-68)
	45*†
(38-52)
	52*

(42-56)
	41†§
(37-54)
	43*†§||
(39-51)
	0.0001

	Chamber and myocardial systolic function indices

	Sm (cm/sec)
	10.5

(9.0-11.3)
	10.0

(9.1-11.2)
	10.0

(9.2-11.3)
	10.0

(8.4-12.0)
	10.0

(8.0-11.0)
	11.0

(9.5-11.2)
	0.06

	TAPSE
	23

(21-24)
	21

(17-23)
	20*

(18-22)
	22

(18-24)
	21*

(19-23)
	23‡
(20-24)
	0.007

	Basal peak systolic strain rate (1/sec)
	2.0

(1.7-2.7)
	1.95

(1.7-2.7)
	2.3

(1.7-3.0)
	1.9

(1.7-3.4)
	1.8

(1.4-3.0)
	2.0

(1.5-3.4)
	0.6

	Basal end systolic strain (%)
	28

(24-47)
	32

(25-41)
	34

(27-42)
	34

(31-48)
	33

(27-54)
	29

(24-46)
	0.2

	Chamber and myocardial diastolic function indices

	Em/Am
	1.25

(0.81-1.72)
	1.70*

(1.25-2.33)
	1.50*

(1.1-2.2)
	1.39†‡
(0.94-1.60)
	0.97*†‡§
(0.84-1.42)
	1.22†‡||
(0.89-1.63)
	0.0001

	Basal early to late diastolic strain rate ratio
	1.29

(0.67-1.67)
	1.79*

(1.14-2.72)
	1.55*

(1.12-2.31)
	1.39†
(0.89-1.74)
	1.0†‡
(0.85-1.25)
	1.46†||
(0.86-1.83)
	0.0001


NS=not significant; *P<0.05 versus NPC; †P<0.05 versus T1; ‡P<0.05 versus T2; §P<0.05 versus T3; || P<0.05 versus term.

Sm=Colour tissue Doppler peak systolic velocity; TAPSE= tricuspid annular plane systolic excursion; Em: Colour tissue Doppler peak early diastolic velocity; Am: Colour tissue Doppler peak late diastolic velocity.

Table S3. Left ventricular myocardial function indices

	
	NPC
	T1
	T2
	T3
	Term
	PP
	P value by Kruskall-Wallis test

	Inferoseptal wall basal segment

	Early to late diastolic strain rate ratio
	2.5

(1.5-3.1)
	1.7*‡

(1.2-2.4)
	2.3

(1.4-3.0)
	1.9

(1.3-2.9)
	1.7*‡

(1.1-2.1)
	1.8

(1.2-2.9)
	0.009

	Peak systolic strain rate (1/sec)
	1.6

(1.3-2.1)
	1.4

(1.2-1.9)
	1.8*

(1.3-2.6)
	1.5‡

(1.2-2.0)
	1.3*‡§

(1.1-1.9)
	1.6||

(1.2-2.3)
	0.02

	End systolic strain (%)
	22

(19-28)
	22

(19-25)
	21

(18-25)
	22

(16-24)
	22

(17-25)
	23

(18-28)
	0.07

	Inferoseptal wall mid segment

	Early to late diastolic strain rate ratio
	1.4

(1.1-2.6)
	1.7

(1.1-2.5)
	1.7

(1.3-2.3)
	1.6

(1.0-2.2)
	1.2*†‡

(0.8-1.9)
	1.5

(0.9-2.5)
	0.04

	Peak systolic strain rate (1/sec)
	1.6

(1.2-2.3)
	1.6

(1.3-2.3)
	1.8*†

(1.4-2.5)
	1.5‡

(1.2-1.9)
	1.5‡

(1.2-1.8)
	1.6‡

(1.0-2.3)
	<0.001

	End systolic strain (%)
	21

(17-25)
	22

(18-25)
	24*†

(19-29)
	20‡

(16-26)
	22‡

(18-27)
	25*†§||

(19-28)
	<0.001

	Anterolateral wall basal segment

	Early to late diastolic strain rate ratio
	2.1

(1.3-3.3)
	2.3

(1.4-3.8)
	2.1

(1.4-3.1)
	2.0

(1.3-3.9)
	1.9

(1.0-2.3)
	2.3

(2.0-4.0)
	0.3

	Peak systolic strain rate (1/sec)
	1.5

(1.3-1.8)
	1.5

(1.1-2.0)
	1.8*

(1.2-2.4)
	1.8*

(1.2-2.2)
	1.2†§

(0.8-2.0)
	1.6||

(1.2-2.2)
	0.01

	End systolic strain (%)
	21

(17-29)
	23

(18-30)
	24

(20-30)
	23

(19-28)
	21

(27-17)
	25

(22-32)
	0.05

	Anterolateral wall mid segment

	Early to late diastolic strain rate ratio
	2.9

(1.8-4.0)
	2.7

(1.6-4.0)
	2.8

(1.7-4.0)
	2.0*†‡

(1.1-2.8)
	1.8*†‡

(1.3-2.2)
	3.1§||

(1.3-4.8)
	0.002

	Peak systolic strain rate (1/sec)
	1.5

(1.1-2.1)
	1.4

(1.0-2.0)
	1.5

(1.0-2.0)
	1.7

(1.3-2.1)
	1.3

(1.0-1.7)
	1.6

(1.2-1.8)
	0.2

	End systolic strain (%)
	25

(18-31)
	21

(17-26)
	23

(18-27)
	23

(19-26)
	20*‡§

(16-24)
	26†||

(21-30)
	<0.001


NS=not significant; *P<0.05 versus NPC; †P<0.05 versus T1; ‡P<0.05 versus T2; §P<0.05 versus T3; || P<0.05 versus term.

Figure S1. Diagnostic algorithm for the classification of diastolic dysfunction
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