











Echocardiographic Structure and Function in Hypertensive Disorders of Pregnancy:

A Systematic Review

Castleman JS, Ganapathy R, Taki F, Lip GYH, Steeds RP, Kotecha D

SUPPLEMENTARY MATERIAL

Contents
Supplementary Table 1: SEarch SrateY ........cccecierieeiiiriieiieeieeie ettt esre e eesaeereesreeseneesseesseenees 2
Supplementary Table 2: Outcome measures using echocardiography ..........cccceeeveeverienenieneneerienenns 3
Supplementary Table 3: ODbStEtric OULCOMES ........eevueeiieriieiie ettt ettt et e seee st e eeeeeeenes 4
Supplementary Table 4: Risk 0f bias asSESSIMENT ..........ccccviiriiiieriiiiiee et eree e e sereeereeeaes 5
Supplementary Table 5: Summary of extracted numerical data for key parameters.............ccceeevveeereenne. 6
Supplementary Figure 1: Echocardiographic measurements ............cceeeeeeeeeeveeereeneesveenreeneeseesneennens 10
Supplementary Figure 2: Representative echocardiographic images and video ...........ccccceeceeeieenenen. 11
Supplementary RETETEINCES .......ccouieiieeiii ettt ettt ettt e et eente et eeaeeeateeneeenseeneas 12



Supplementary Table 1: Search strategy

PREGNANCY/ (MeSH)

gestation® .mp

pregnan® .mp

HYPERTENSION, PREGNANCY-INDUCED/ (MeSH)
PRE-ECLAMPSIA/ (MeSH)

HYPERTENSION/ (MeSH)

BLOOD PRESSURE/ (MeSH)

HEART/ (MeSH)

A A I U o

cardi* .mp

—_
=1

. “cardiac function” .mp

—_
—_—

. “cardiac structure” .mp

—_
N

. “cardiac geometry” .mp

[
w

. diastolic OR systolic .mp

—_
~

. function OR dysfunction .mp

. 13 AND 14

. ECHOCARDIOGRAPHY/ (MeSH)

. CARDIAC IMAGING TECHNIQUES/ (MeSH)
. DIAGNOSTIC IMAGING/ (MeSH)

. ELASTICITY IMAGING TECHNIQUES/ (MeSH)
. IMAGING, THREE-DIMENSIONAL/ (MeSH)
. 1IOR20R3

.40R50R60R7

. 80OR90OR100R 11 OR 120R 15

. 16 DR 17 0OR 18 OR 19 OR 20

. 21 AND 22 AND 23 AND 24

NN NN NN = = ===
LN A W DD = O O 0 3 & W

Key to syntax used:

* after a word is used as a truncation (“wildcard”) to retrieve plurals or different endings, e.g. gestation* would

retrieve ‘gestational’ and ‘gestation’

MeSH Medical Subject Heading
/ at the end of a phrase, searches the phrase as a subject heading
.mp mapping alias (searches title, abstract, heading words, table of contents and key phrase identifiers)



Supplementary Table 2: Outcome measures using echocardiography

Parameter Measurement

Stroke volume ) ) 5 S
n x (Left ventricular outflow tract diameter / 2)” x velocity time integral;
(SV, ml) —see measurements in cm

Supplementary Figure 1

Cardiac output Stroke volume [mL] x heart rate [beats/min]
(CO, L/min)

Total vascular resistance

s 80 x (Mean arterial pressure’ / cardiac output)
(TVR, dyne.s/cm”)

Left ventricular ejection . . : . .
fraction (End diastolic volume - end systolic volume) / end diastolic volume x 100;

measurements in mL
(LVEF, %)

E/A ratio Mitral valve E wave [early filling] peak velocity / mitral valve A wave [late filling
see Supplementary Figure 1 | during atrial contraction] peak velocity

E/e’ Mitral valve E wave peak velocity / e’ wave [early diastolic mitral annular] velocity
) on tissue Doppler imaging; measurements in m/s (can be derived from the septal or
see Supplementary Figure 1 | |atera] mitral valve annulus)

Left ventricular wall thickness, including hypertrophy that is eccentric (wall
LV geometry thickness increased in proportion to the increase in chamber size) and concentric
(increased wall thickness without dilatation).

Left ventricular mass 0.8 x [1.04((left ventricular end diastolic dimension + posterior wall thickness +
interventricular septum thickness)’ — left ventricular end diastolic diameter”)] + 0.6;
(LVM, g) measurements in mm, at end diastole

"Mean arterial pressure (mmHg) is calculated as [Systolic Blood Pressure + (2 x Diastolic Blood Pressure)]/3.
Values for stroke volume, cardiac output and left ventricular mass are often indexed to body surface area (m?) using
the Du Bois formula ': 0.20247 x height(m)*"* x weight(kg)"**.




Supplementary Table 3: Obstetric outcomes

Author, year

Obstetric outcomes

Bamfo, 2008>

Earlier delivery and lower birthweight in PET.

Bosio, 1999°

Perinatal mortality in GH = 2/24 (8.3%).
Perinatal mortality in PET = 6/20 (30%)
Earlier delivery and lower birthweight in PET.

Hamad, 2009*

Earlier delivery and lower birthweight in PET.

Kuzniar, 1982°*

Positive correlation between cardiac index and fetal birthweight.
Inverse relationship between infant birthweight and TVR.

Khaw, 2008 ¢

Lower birthweight in PET.

Melchiorre, 20117*

In the PET group there were the following outcomes:

Hemolysis, elevated liver enzymes and low platelets (HELLP syndrome) = 3/50 (6%)
Acute kidney injury = 1/50 (2%)

Pulmonary edema = 1/50 (2%)

Fetal growth restriction = 11/50 (22%)

Melchiorre, 2013%

No significant difference in birthweight or gestational age at delivery between groups.

Sep, 2011°

Earlier delivery and lower birthweight in PET.

Shahul, 2012

Earlier delivery in PET.
No significant difference in birthweight in PET.
More women with PET had a history of GH in a previous pregnancy.

Simmons, 2002"!

Earlier delivery and lower birthweight in PET.

Solanki, 2011"

Earlier delivery and lower birthweight in PET.

Valensise, 2006'*

In the GH group there were the following outcomes:

Perinatal death =2/268 (0.7%)

PET = 17/268 (6.3%)

Placental abruption = 3/268 (1.1%)

Hemolysis, elevated liver enzymes and low platelets (HELLP syndrome) = 6/268 (2.2%)
Fetal growth restriction = 19/268 (7.1%)

Neonatal unit admission = 5/268 (1.9%)

Valensise, 2008

Lower birthweight in early PET (<34 weeks).
Earlier delivery in early and late PET.

Yuan, 2014"

Lower birthweight in PET.

Zieleskiewicz, 2014

In the PET group there were the following outcomes:
Perinatal mortality = 3/20 (15%)

Hemorrhage = 2/20 (10%)

Eclampsia = 2/20 (10%)

Pulmonary edema = 4/20 (20%)

Placental abruption = 2/20 (10%)

Fetal growth restriction = 5/20 (25%)

Preterm delivery before 34 weeks = 6/20 (30%)

* analysis includes obstetric outcomes in relation to cardiovascular parameters.

GH, gestational hypertension; PET, preeclampsia; TVR, total vascular resistance.




Supplementary Table 4: Risk of bias assessment

Author, year Selef:t_ion of Confqunding Intervention (exposure) B(I)i:t(i ionr?]:f Incomplete iiltif)tri'xz
participants variables measurement P ——— outcome data reporting
Bamfo, 2008’ Low risk Low risk Low risk High risk Low risk Unclear risk
Borghi, 2000" Low risk High risk Low risk Low risk High risk Unclear risk
Borghi, 2011'® Low risk High risk Low risk Low risk Unclear risk
Bosio, 1999° Low risk High risk Low risk Unclear risk High risk Unclear risk
Cho, 2011" High risk High risk Low risk Low risk Unclear risk
De Paco, 2008% Low risk Low risk Unclear risk High risk Unclear risk
Degani, 1989*' Low risk High risk Low risk Unclear risk Low risk Unclear risk
Demir, 20037 Unclear risk High risk Low risk Unclear risk Low risk Unclear risk
Dennis, 20123 Low risk Low risk Unclear risk Low risk Unclear risk
Escudero, 1988% Unclear risk High risk Low risk Unclear risk Low risk Unclear risk
Estensen, 2013% High risk High risk Low risk Unclear risk M
Hamad, 2009* Low risk High risk Low risk Unclear risk Low risk Unclear risk
Ingec, 20057 Unclear risk High risk Low risk Low risk Low risk Unclear risk
Khaw, 2008° Low risk Low risk Unclear risk Unclear risk
Kuzniar, 1982° High risk High risk Unclear risk Unclear risk Unclear risk
Kuzniar, 1992%" Low risk High risk Low risk Low risk Low risk Unclear risk
Lang, 1991% Low risk High risk Low risk Unclear risk Low risk Unclear risk
Melchiorre, 20117 Low risk Low risk Low risk g Low risk Unclear risk
Melchiorre, 2012% Low risk Low risk Low risk g Low risk Unclear risk
Melchiorre, 2013% Low risk Low risk Low risk Unclear risk Low risk Unclear risk
Novelli, 2003 Low risk High risk Low risk Unclear risk Low risk Unclear risk
Oren, 1996° Unclear risk High risk Low risk Unclear risk Low risk Unclear risk
Sanchez, 1986% Unclear risk High risk Low risk Unclear risk Low risk Unclear risk
Sep, 2011° Low risk High risk Unclear risk Low risk Unclear risk
Shahul, 2012'° Low risk Low risk Low risk Low risk Unclear risk
Simmons, 2002 Low risk High risk Low risk Unclear risk Low risk Unclear risk
Solanki, 2011' Unclear risk High risk Low risk Unclear risk Low risk Unclear risk
Thompson, 1986 Unclear risk High risk Low risk Low risk Low risk Unclear risk
Tyldum, 2012* Low risk High risk Low risk Unclear risk Low risk Unclear risk
Valensise, 2006' Low risk High risk Low risk Unclear risk Low risk Unclear risk
Valensise, 2008" Low risk High risk Low risk Low risk Low risk Unclear risk
Veille, 1984% Unclear risk High risk Low risk Unclear risk M
Vlahovic-Stipac, 2010° Low risk High risk Low risk Low risk Low risk Unclear risk
Yuan, 2006 Unclear risk High risk Low risk Unclear risk Low risk Unclear risk
Yuan, 2014" Low risk Low risk Unclear risk Low risk Unclear risk
Zieleskiewicz, 2014 Low risk High risk Low risk Low risk Unclear risk




Supplementary Table 5: Summary of extracted numerical data for key parameters

Trimester

Author, year

Results: systolic function

Results: diastolic function

Results: Cardiac structure

Longitudinal cohort studies

1

Bosio, 1999 *

F Presented as Box and Whisker plot and then numerically as

TVR: NTP 2046 (464); GH 1933 (537)
LVEF: NTP 64 (5); GH 61 (7)

At follow up (36+1 weeks):

CO: NTP 3.7 (0.7); GH 4.6 (1.1)
TVR: NTP 1998 (486); GH 1821 (454)
LVEF: NTP 60 (8); GH 58 (6)

E/e’: NTP 6.2 (1.1); GH 7.6 (1.9)*

-3 relative risk ratios

1 Sep, 2011 ° V Only pre-pregnancy data given numerically

-2

2 | Vlahovic-Stipac, 2010 At baseline (24+3 weeks): At baseline (24+3 weeks): At baseline (24+3 weeks):
3% COV: NTP 3.5 (0.8); GH 4.6 (1.3) E/A: NTP 1.9 (0.9); GH 1.3 (0.5)* LVMI: NTP 110 (23) GH 127

(33)

Cross sectional studies

1

De Paco, 2008 *°

Mean log MoM COF: NTP 0.000 (95% CI -0.0025 to 0.0025);
PET 0.0261 (95% CI 0.0065 to 0.0457)*; GH 0.0257 (95% CI
0.0079 to 0.0435)*

Khaw, 2008 ¢

COF: NTP 4.9 (4.3-5.5); PET not SGA 6.2 (5.4-7.1)*; PET with

SGA 4.9 (4.1-5.6)*

CI: NTP 2.9 (2.6-3.3): PET not SGA 3.3 (3.0-4.0)*; PET with SGA
2.8 (2.4-3.0)*

TVR: NTP 1260 (1110-1460); PET not SGA 1105 (920-1280); PET
with SGA 1410 (1300-1530)

SV: NTP 67 (11.7); PET not SGA 87.9 (15.2); PET with SGA 66.3
(10.9)

Melchiorre, 2013

CI1V: term PET 3.2 (2.8-3.5); preterm PET 2.6 (2.3-2.8)

TVRI: term PET 2138 (1995-2469); preterm PET (3090 (2351-
3376)

LVEF: term PET 60 (51-69); preterm PET 64 (48-67);

E/A ratio: term PET 1.6 (1.3-2.2);
preterm PET 1.4 (0.9-1.6)

Average E/e': term 6.2 (5.3-6.7); preterm

6.5 (5.3-7)

LVMI: term PET 65 (57-71);
preterm PET 62 (57-71)




2 Valensise, 2008 COF: NTP 6.61 (1.1); early PET 4.49 (1.09)*; late PET 8.96 E/A: NTP 1.17 (0.23); early PET 1.68 LVMI: NTP 33 (6); early PET
(1.83)* (0.5)*; late PET 1.09 (0.15)* 35 (7)*; late PET 43 (12)*
TVR: NTP 990 (179); early PET 1605 (248)*; late PET 739 (244)* Significant difference between
SV:NTP 83 (11): early PET 61 (13)*; late PET 102 (19)* early and late PET groups and
Significant difference between early and late PET groups and controls, and between early and
controls, and between early and late PET. late PET.
3 Bamfo, 2008 > COF:NTP 4.79 (0.52); PET 5.52 (1.21)* E/A ratio: NTP 1.39 (0.23); PET 1.33
CI: NTP 2.94 (0.30); PET 3.12 (0.71) (0.42)
TVR: NTP 1434.05 (255.93); PET 1573.51 (268.87) E/e’ septal: NTP 6.13 (1.04); PET 8.70
SV :NTP 61.06 (8.80); PET 75.10 (15.88)* 2.3D)*
E/e’ lateral: NTP 4.61 (1.12); PET 6.27
(2.15)*
Estensen, 2013 * COF:NTP 5.8 (1.1); PET 6.3 (1.2)* LVMI: NTP 80 (17); PET 92
SV:NTP 75 (13); PET 76 (16)* (25)*
LVEF: NTP 54 (7); PET 56 (6)
Shahul, 2012 LVEF ": NTP median 65.0 (64.6-66.5); GH 66.7 (65.4-67.5); PET
67.5 (64.2-70.0)
Valensise, 2006 COF: NTP 6.75 (0.96); complicated PET 5 (1); uncomplicated PET LVM: NTP 148 (20);
7.4 (1.2)* complicated PET 169 (32);
TVR: NTP 949 (150); complicated PET 1754 (425); uncomplicated uncomplicated PET 176 (25)*
PET 1138 (183)* LVMI: NTP 40 (6);
SV: NTP 77 (10); complicated PET 62 (11); uncomplicated PET 82 complicated PET 45 (9);
(1DH* uncomplicated PET 47 (8)*
Case control studies
3 Borghi, 2000 COF: NTP 7.9 (1.0); PET 6.5 (1.0)* E/A ratio: NTP 1.59 (0.3); PET 1.29 LVMI: NTP 101.1 (16.0); PET

TVR: NTP 779 (203); PET 1320 (278)
LVEF: NTP 67.7 (5.0); PET 65.9 (6.0).

(0.3)*

110.3 (19.0)*

Borghi, 2011 '8

COF: NTP 6.6 (2); GH 8.1 (2); PET 5.6 (2)
TVR: NTP 939 (192); GH 1006 (253); PET 1517 (295)

LVMI: NTP 101.1 (16); GH
109.5(21); PET 111.9 (18)

Cho, 2011 "

LVEF: NTP 60.7 (7.8) GH 62.3 (9)

E/A: NTP 1.27 (0.22); GH 1.00 (0.29)*

LVMI: NTP 86.1 (14.5); GH
95.6 (17.3)*

Degani, 1989 *!

CO: NTP 5.4 (1.1); GH 5.6 (2.3)

Cl: NTP 3.52 (0.7); GH 3.55 (0.7)

TVR: NTP 1340.1 (211.0); GH 1636.6 (521.3)*
SV: NTP 68.4 (13); GH 70.5 (22.2)

LVEF: NTP 72.0 (0.2); GH 75.0 (7.0)




Demir, 2003

LVEF: NTP 37 (6); GH 72 (3)

LVMI: NTP 117 (15); GH 138
(13.8)*

61% of GH patients had
abnormal LV geometry
compared with 21% NTP*

Dennis, 2012 %

COF: NTP 4.109 (0.595); PET 4.789 (1.419)*
TVR: NTP 1613 (315); PET 2016 (625)*

E/A: NTP 1.45 (0.24); PET 1.29 (0.34)
E/e’: NTP 6.7 (1.3); PET 10.4 (2.4)*

LVM: NTP 131 (21); PET 189
(40)*

Escudero, 1988

LVM: non-pregnant 161 (29.6);
GH 185 (53.1)*

Hamad, 2009 *

E/A: NTP 1.54 (0.07); PET 1.29 (0.07)*
E/e’ septal; NTP 7.49 (0.40); PET 10.92
(0.38)*
E/e' lateral: NTP 5.72 (0.20); PET 8.23
(0.43)*

LVM: NTP 180 (8); PET 239
®)*

Ingec, 2005 2

LVMI: NTP 82.8 (26); PET
127.6 (42)*

Kuzniar, 1982 °

COVY: NTP 7.5 (1.3); PET 5.9 (1.0)*
CI: NTP 4.3 (0.7); PET 3.3 (0.5)*
TVR: NTP 877 (197); PET 1727 (408)*
SV: NTP 101.3 (14); PET 89 (15.9)*

Kuzniar, 1992 ¥’

C1V: NTP 4.23 (0.65); GH 4.72 (0.67); PET 3.62 (0.62)*
TVRI: NTP 1670 (312); GH 1881 (396); PET 2555 (365)*
SVI: NTP 57.1 (6.4); GH 58.9 (6.3); PET 51.2 (5.6)*

Lang, 1991 **

COF: NTP 6.18 (1.91); PET 5.52 (1.55)
TVR: NTP 1203 (466); PET 1786 (496)
SV: NTP 72 (17); PET 65 (10)

LVMI: NTP 105 (13); PET 108
(19)

Melchiorre, 2011 7

C1V:NTP 3.2 (2.2-3.9); GH 2.8 (2.4-3.2); PET 2.9 (2.1-3.8)
TVRI: NTP 645 (570-840); GH 951 (756-1086); PET 716 (574-
1036)

E/A: NTP 1.14 (0.88-1.43); PET normal
diastolic function (n=30) 1.34 (1.27- 1.55);
PET diastolic dysfunction (n=20) 0.81
(0.73-0.95)

Average E/e": NTP 6.1 (5.2-6.5); PET
normal diastolic function 6.5 (6.3-6.9);
PET diastolic dysfunction 7.9 (6-8.3)

Melchiorre, 2012 %

CI1YV:NTP 3.2 (2.7-3.7); preterm PET 2.6 (2.1-3.1)*

E/A: NTP 1.5 (1.4-1.8); preterm PET (1.2
(0.7-1.5)*

E/e' NTP 4.8 (4-6.5); preterm PET 7.7
(7.4-10.7)*




Novelli, 2003 *°

COVY:NTP 4.9 (0.9); GH 5.3 (1.1)
TVR: NTP 1422 (221); GH 1621 (358)*
SV: NTP 68 (10); GH 68 (12)

E/A:NTP 1.61 (0.31); GH 1.31 (0.28)*

LVMI: NTP 33 (7); GH 50 (8)*

Oren, 1996 !

C1V: NTP 3.64 (0.64); GH 3.55 (0.89)
TVR: NTP 14 (2); GH 16.7 (4.0)*
LVEF: NTP 68.5 (5.6); GH 63 (7.3)*

E/A: NTP 1.6 (0.5); GH 1.2 (0.3)*

LVMI: NTP 86 (21); GH 99.4
28)*

Sanchez, 1986 **

LVM: NTP 154.65 (31); GH
170.36 (47)

Simmons, 2002 !

CIF:NTP 4.2 (0.9); PET 4.1 (1.1)*
TVR: NTP 852 (190); PET 1129 (319)*

LVMI: NTP 76 (16); PET 90
(18)*

Solanki, 2011 2

TVRF: NTP 1204.5 (71.18); PET 1396.85 (156.2)*
SV: NTP 70.8 (3.22); PET 73.3 (14.19)

E/A: NTP 1.35 (0.224); PET 1.497 (0.492)

Thompson, 1986 **

LVEFF: NTP 71.6 (7.1); PET 70.8 (6.0)

Tyldum, 2012 %

COV:NTP 5.4 (1.4); PET 5.8 (1.2)
SV: NTP 68 (23); PET 76 (11)

E/A: NTP 1.50 (0.37); PET 1.41 (0.36)
E/e’: NTP 5.7 (1.0); PET 8.6 (1.5)*

LVM: NTP 127 (30); PET 161
(28)*

Veille, 1984 *

COV: NTP 5.5 (1.8); GH 5.8 (1.4)

LVM: NTP 105 (14): GH 117
(20)*

Yuan, 2006 ¥’

CIF: NTP 4.0 (0.6); PET 3.9 (0.9)
SV:NTP 71.0 (17.7); PET 79.6 (23.4)
LVEF: NTP 0.66 (0.08); PET 0.72 (0.07)*

E/A: NTP 1.4 (0.2); PET 1.2 (0.2)*

Yuan, 2014 ¥

CI:2.99 (0.56); PET 3.07 (0.72)
LVEF: NTP 0.66 (0.05); PET 0.68 (0.10).

E/A:NTP 1.41 (0.31); PET 1.24 (0.36)

LVMI: NTP 96.3 (17.8); PET
110.9 (29)*

Zieleskiewicz, 2014 '

TVRI*: NTP 723 (123); PET 894 (304)

E/A: NTP 1.4 (1.2-1.6); PET 1.1 (1.0-1.5)
Ele": NTP 6.6 (5.8-7.0); PET 7.9 (5.9-
8.9)*

Data are presented as means (standard deviation) or medians (interquartile range).

* statistically significant difference with p-value <0.05; " Flow-based hemodynamic calculation (SV calculated from the velocity time integral of the pulsed Doppler

waveform multiplied by the left ventricular outflow tract cross sectional area); ¥ Volume-based hemodynamic calculation (SV calculated by subtracting the left ventricular

end systolic volume from the left ventricular end diastolic volume).

A, late diastole transmitral wave peak velocity (cm/s); CO, cardiac output (L/min); CI, cardiac index (L/min/m?); E, early diastole transmitral (filling) peak velocity (cm/s)

e’, peak early diastolic velocity at mitral valve annulus (cm/s); GH, gestational hypertension; LVEF, left ventricular ejection fraction (%); LVM, left ventricular mass (g);
LVMI (g/mz), left ventricular mass index; NTP, normotensive pregnant controls; PET, preeclampsia; SGA, small for gestational age fetus; SV, stroke volume (ml); SVI,
stroke volume index (ml/m?); TVR, total vascular resistance (dynes/ s'/cm’); TVRI, total vascular resistance index (dynes s cm™/m?).




Supplementary Figure 1: Echocardiographic measurements

LVOT velocity time 5
\ integral (VTI)

Assessment of cardiac output (Panels A and B) and left-ventricular diastolic function (Panels C and D) using
transthoracic echocardiography. LVOT, left-ventricular outflow tract. See also Supplementary Table 2.
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Supplementary Figure 2: Representative echocardiographic images and video

Patient 1: Normal pregnancy

¥

»
e

Both echocardiograms were performed at 30 weeks gestation. Patient 1 is a 23 year-old with one previous
uncomplicated pregnancy. Her blood pressure remained normal throughout the current uneventful pregnancy, and she
delivered at 40 weeks. Patient 2 is a 25 year-old with one previous pregnancy affected by early onset preeclampsia.
The current pregnancy was complicated by gestational hypertension and fetal growth restriction from 34 weeks. She
delivered at 35 weeks after spontaneous preterm labor.

E, early diastole transmitral (filling) peak velocity (cm/s); e’, peak early diastolic velocity at mitral valve annulus
(cm/s); LVEF, left ventricular ejection fraction (%).

Video Legends
Video 1. Patient 1: Normal pregnancy

Video 2. Patient 2: Hypertensive disorder of pregnancy
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ABSTRACT
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implications of key findings; systematic review registration number.
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repeated. 1
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included in the meta-analysis). 2
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studies done at the study or outcome level), and how this information is to be used in any data synthesis. table 4
Summary measures 13 | State the principal summary measures (e.g., risk ratio, difference in means). 5
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(e.g., I for each meta-analysis.
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