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ABSTRACT

Objective: There is need of standardized reference values for cardiac dimensions in
prenatal life. The objective of the present study was to construct nomograms for fetal
cardiac dimensions using a well-defined echocardiographic methodology in a low-risk
population.

Methods: A prospective cohort study including 602 low-risk singleton pregnancies
undergoing a standardized fetal echocardiography to accurately assess fetal cardiac,
ventricular and atrial dimensions. Parametric regressions were tested to.model each
measurement against gestational age from 18 to 41 weeks of gestation.

Results: Nomograms were constructed for fetal cardiac dimensions (transverse and
longitudinal diameters and areas) of the whole heart, atria and. ventricles as well as
myocardial wall thicknesses. All dimensions showed a progressive increase with
gestational age. The best model for most parameters was a second-degree linear
polynomial. Fetal cardiac, ventricular and atrial diameters and areas were successfully
obtained in 98.6% of the fetuses; while myocardial wall thicknesses could be obtained
in 96.5% of the population. The . results showed excellent interobserver and
intraobserver reproducibility (ICC >0.811 and ICC >0.957 respectively)

Conclusions: We provide standardized and comprehensively evaluated reference
values for fetal cardiac morphometric parameters across gestation in a low-risk
population. These nomograms would enable the early identification of different patterns

of fetal'cardiac remodeling.

Keywords: nomograms, fetal heatrt.
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MANUSCRIPT

Introduction

Fetal echocardiography was initially used to identify congenital heart defects (CHD)
and arrhythmias [1-3]. Since then, technical advances have allowed to notably improve
the assessment of cardiac structure and function.

Recently, the concept of cardiac remodeling -defined as changes in size, shape,
structure and function of the heart in order to adapt to an insult [4]- is being-applied in
fetal life not only in CHD cases [5] but also in other prenatal conditions such as fetal
growth restriction (FGR) [6], the use of assisted reproductive-techniques (ART) [7],
exposure to toxics [8] and pregestational diabetes~[9]. An adverse prenatal
environment during the crucial period of in utero_.development might have a direct
impact on fetal cardiac structure and long lasting consequences on health [10]. The
use of echocardiography during fetal life enables‘the early identification of subtle or
minor changes in cardiac morphometry potentially useful for fetal monitoring and
prevention of cardiovascular consequences [11].

However, there is a lack of. standardised reference values for many cardiac
morphometric parameters.in fetal life. Most nomogram studies were performed in the
80s using relatively low-resolution equipment and usually based on selected high-risk
population-undergoing clinically prescribed echocardiography [12-14] (Table 1).
Furthermore, the proposed methodology to assess fetal cardiac dimensions frequently
varied within-and across studies from 2D [15] to M-mode [16] with dissimilar cardiac
views (transverse [17] vs apical/basal [13]) and moment of the cardiac cycle (in
different moments of the diastole in case of ventricular dimensions and without
considering the closure of the AV valve as a landmark to define end-diastole [13,15]),
highlighting the need for a well-defined methodology using stringent criteria.

The objective of the present study was to provide high-quality fetal cardiac dimension

nomograms using stringent methodology on a low-risk population of fetuses throughout
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pregnancy. For that purpose, we specifically created a prospective cohort of low-risk
singleton pregnancies from the 18" to the 41% weeks of gestational age to undergo

comprehensive fetal echocardiography.
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Methods

Study population and protocol

The study design was a prospective cohort including low-risk singleton pregnancies
from the Maternal-Fetal Medicine Department at BCNatal (Hospitals Clinic and Sant
Joan de Déu, Barcelona, Spain) from 2014 to 2017. Conditions that might affect
cardiovascular remodeling such as conception by ART, maternal pregestational
diabetes, chronic hypertension, HIV infection, preeclampsia or FGR at the time of scan,
fetal malformations as well as chromosomal abnormalities were considered exclusion
criteria. The study protocol included collection of baseline and perinatal. characteristics
and the performance of a single fetal ultrasound including assessment of estimated
fetal weight (EFW) [18], conventional feto-placental Doppler-and.echocardiography for
each pregnancy from 18 to 41 weeks of gestation. Gestational age (GA) was
calculated according to first trimester crown-rump. length [19]. All participants were

informed and signed written consent approved by the local Ethical Committee.

Fetal echocardiography

Fetal echocardiography was performed using 6-4 MHz linear curved-array and 2-10
MHz phased-array probes with a Siemens Sonoline Antares machine (Siemens
Medical Systems, Malvern, PA, USA) by four maternal-fetal specialists with at least 3
years’ experience in fetal echocardiography. A comprehensive 2D, M-mode and
Doppler: echocardiographic examination was performed to assess structural heart
integrity.and to evaluate cardiac morphometry following international guidelines [20].
Cardiac diameters and area were measured on 2D images at maximal distension from
an apical or basal four-chamber view at end-diastole. End-diastole was defined as the
frame at which the atrioventricular valves closed and thus, when the ventricles reached
their largest size -Figure 1A-. Atrial diameters and areas were measured on 2D images

at atrial maximum distension from a four-chamber view at end-systole, defined by the
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frame preceding the atrioventricular valves opening. The atrial measurements did not
include the pulmonary veins/arteries neither the AV valve annulus -Figure 1B-[21,22].
Ventricular dimensions and areas were measured on 2D images from an apical or
basal four-chamber view at end-diastole [22]. The ventricular basal, midventricular and
longitudinal dimensions were measured at the level of the atrioventricular valves; below
the atrioventricular valves leaflets and from atrioventricular valves (including the
atrioventricular valves annulus) to inner myocardium apex, respectively -Figure 1C-.
Both ventricular areas were measured by manual tracing along the true.border of the
inner myocardium, including the endocardium, the muscular trabeculations and the
moderator band. Myocardial wall thicknesses were measured on 2D .images from a
transverse four-chamber view at end-diastole -Figure-1D- as well"as using M-mode

(supplementary).

Statistical analysis

Statistical analysis was performed using Stata IC version 14 (StataCorp. LP, College
Station,TX). The statistical model described by Royston and Wright was used to
construct normal ranges [23]. Normal distribution of the fetal cardiac parameters was
checked with the Shapiro-Francia W test. Original values or natural logarithm were
used to model means and SD. Antilogs were applied to subsequently convert the
results into the original scale. Linear, polynomial or fractional polynomials regressions
wereused to.construct the curves estimating the relationship between the studied
variables and gestational age. Model fit was assessed using the Z-score distribution by
GA and the count of the number of observations outside the range graph. Z-
scores <3> were considered as potential outliers. The subjective aspect of the fitted
curve, R2 statistics and model simplicity were criteria for model selection. Equations of
the polynomial regression curves were used to calculate mean and 5th and 95th
centiles for each GA (centile = estimated mean £1.645SD). A similar analysis was also

performed to construct nomograms by EFW (supplementary data). Intraclass
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144  determine interobserver and intraobserver variability (supplementary data).
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Results

Baseline, standard feto-placental ultrasound and perinatal characteristics

Initially, 623 pregnancies were eligible, 21 of them were excluded (16 due to EFW
below the 10" centile at fetal ultrasound and 5 due to fetal cardiac abnormalities
including ventricular septal defects and aberrant right subclavian artery). Finally, a total
of 602 pregnancies were included for the nomograms’ construction. Baseline and
perinatal characteristics of the study population are shown in Table 2.

The fetal standard ultrasound showed normal estimated fetal weight and no-signs of
placental insufficiency in the fetuses finally included in the study. The mean EFW was
1867 g + 988 and the EFW centile was 57.95 + 23.54. Median Z-scores for pulsatility
index of uterine arteries, umbilical artery and middle cerebral-artery were -0.27 [range -

0.97-0.47]; -0.32 [-0.75-0.10] and 0.01 [-0.58-0.79] respectively.

Fetal echocardiographic feasibility and reproducibility

Fetal cardiac, ventricular and atrial diameters and areas were successfully obtained in
98.6% of the fetuses, while myocardial wall thicknesses could be obtained in 96.5% of
the population. Interobserver reproductibility was estimated in 45 cases (15 cases per
gestational age in the following intervals: 18-25; 26-33 and 34-41 weeks of gestational
age). Intraobserver reproductibility was estimated analyzing the 45 cases a second
time by the'same operators after 2 months. The results showed excellent interobserver
and intraobserver reproducibility for all cardiac parameters evaluated (ICC >0.811 and

ICC >0.957 respectively —see supplementary data A-).

Fetal cardiac morphometric nomograms

Regression equations for cardiac (transverse and longitudinal diameters and area),
atrial (transverse and longitudinal diameters and areas) and ventricular (transverse and
longitudinal diameters and areas) dimensions and wall thicknesses using 2D according
to GA are shown in Table 3. The best model for most parameters was a second-

degree linear polynomial. Scatterplots by GA with mean, 5" and 95" centile lines for
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these parameters are shown in Figures 2, 3, 4 and 5 respectively. Supplementary
material includes values for the mean, 5" and 95" centiles for all cardiac
measurements at each GA (Suppl. B) and results of myocardial wall thicknesses by M-
mode (Suppl. C). Supplementary material includes, as well, curves estimating the
relationship between the studied variables and EFW and values for the median, 5" and

95™ centiles for all cardiac measurements by EFW (Suppl. D).
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Discussion

The present study provides reference values for fetal cardiac, atrial and ventricular
dimensions and myocardial wall thicknesses in a large prospective cohort of low-risk
pregnancies from 18 to 41 weeks of gestational age. We also demonstrate high
feasibility and reproducibility for these measurements by 2D and M-mode following

stringent criteria and standardized landmarks.

Cardiac dimensions

Nomograms for whole heart dimensions throughout gestation are provided confirming
their high feasibility and reproducibility [24]. All cardiac dimensions increased
guadratically with gestational age while their SD showed a linear progression. These
nomograms are mostly concordant with previously .published data [17,25]. Most
previous studies coincide on the methodology. for measuring cardiac area and
longitudinal diameter but with dissimilar methodology for transverse diameter. While
some authors measured the transverse cardiac diameter at the level of atrioventricular
valves [17,26-28], we and others propose to measure it below the atrioventricular
valves [25] as it better corresponds to the mid cardiac length reaching the maximal
transverse diameter./These differences in methodology may justify our values to be
slightly smaller.than previously reported [17]. Assessment of whole heart dimensions is

relevant for'describing cardiomegaly or cardiac compression.

Atrial. dimensions

We provide nomograms for fetal atrial diameters and areas throughout pregnancy.
Even though the accurate performance of this measurement could be challenging [14],
we showed high feasibility and reproducibility Our results are in agreement with most
previous data [12,14,29] with slightly smaller longitudinal atrial diameters than
previously reported [14,29] —most likely explained by the inclusion of atrioventricular
valve annulus in their measurements- [29]. This is the first report on fetal atrial area

normal values. Evaluation of atrial dimensions might be particularly relevant when
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studying cases with volume or pressure overload —as atrial dilatation readily occurs in
response to these insults due to its absence of muscular fibers and its inability to

hypertrophy-.

Ventricular dimensions

Ventricular diameters and areas were rigorously measured demonstrating a high
feasibility and reproducibility, as previously reported [30]. Methodological variability for
measuring ventricular dimensions among previous studies -using different cardiac
views and points of reference throughout the diastolic phase- limits comparison of data
[12,13,29,31] even though they are mostly consistent. The only exception_comes from
Shapiro et al. that reported [12] slightly smaller ventricular_basal diameters most likely
due to the measurement being performed just below the atrioventricular valve instead
of at the level of the annulus, as recommended [22]. An accurate evaluation of

ventricular dimensions is the key to describe and monitor ventricular remodeling.

Myocardial wall thicknesses

Finally, normal values for septal and lateral myocardial wall thicknesses are also
reported both in 2D (main.document) and M-mode (supplementary data) showing a
progressive increase throughout gestation with excellent feasibility and consistency
with previous studies, although methodological heterogeneity used in previous studies
[16,29,32<34] hampers direct comparison of results. An accurate measurement of
ventricular wall /thicknesses is essential to assess myocardial hypertrophy as a

common response to pressure/volume overload or toxicity

Strengths and limitations

This is a prospective study using a low-risk population scanned purposely for fetal
cardiac morphometry. We used well-defined and strict methodology for measuring
dimensions in order to achieve the optimal accuracy and reproducibility. Also, to our
knowledge, this is the first study to report fetal atrial areas. As limitations, we

acknowledge that only a single type of ultrasound system was used which may be both
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an advantage and disadvantage if the results are to be extrapolated to other centers. In
addition, postnatal echocardiography was not systematically performed, although

absence of CHD or major comorbidities was postnatally confirmed in all cases.

Conclusions

In conclusion, we provide standardized and comprehensive reference values for fetal
cardiac morphometric parameters across gestation in a low-risk population. An
accurate measurement of heart dimensions might be very useful to identify.and monitor
cardiac remodeling —-change in shape, size and structure- (in response to
pressure/volume overload or cardiac toxicity in many conditions such as.CHD [35,36],
maternal diabetes [9], twin-to-twin transfusion syndrome [37], FGR [38], conception by
ART [7], fetal anemia [39], congenital diaphragmatic hernia.[40] or exposure to
antiretroviral drugs [8]. A better understanding and follow-up of fetal cardiac
adaptations could enable early interventions and. minimize long-term cardiovascular

consequences [41].



257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

13

ACKNOWLEDGEMENTS

Disclosures: None of the authors has any financial, consultant, institutional
and other relationship that might lead to bias or a conflict of interest for the
present manuscript.

Source of funding: This project has been funded with support of the Erasmus
+ Programme of the European Union (Framework Agreement number: 2013-
0040). This publication reflects the views only of the author, and.the
Commission cannot be held responsible for any use, which may be made of the
information contained therein. Additionally, the research leading to these
results has received funding  from ‘la = Caixa” Foundation
(LCF/PR/GN14/10270005), Instituto de _Salud  Carlos 1l (P114/00226,
INT16/00168, PI17/00675, P115/00263, PI115/00130) integrados en el Plan
Nacional de I+D+l y cofinanciados por el ISCIlI-Subdireccion General de
Evaluacion y el Fondo Europeo de Desafrrollo Regional (FEDER) “Una manera
de hacer Europa”, Cerebra Foundation for the Brain Injured Child (Carmarthen,
Wales, UK) AGAUR 2017 SGR grant n°® 1531 and Ajut Josep Font (Hospital
Clinic de Barcelona, Spain). L.G-O has received grant from FI AGAUR

(2016F1_B01184)



276
277

307
308
309
310
311
312
313
314
315

14

REFERENCES

10

11

12

13

14

15

16

17

18

19

20

21

22

Kleinman CS, Hobbins JC, Jaffe CC, Lynch DC, Talner NS. Echocardiographic studies of the
human fetus: prenatal diagnosis of congenital heart disease and cardiac dysrhythmias. Pediatrics
1980; 65:1059-1067.

Crawford CS. Antenatal diagnosis of fetal cardiac abnormalities. Ann Clin Lab Sci 1982; 12:99—
105.

Allan LD, Tynan M, Campbell S, Anderson RH. Normal fetal cardiac anatomy--a basis for the
echocardiographic detection of abnormalities. Prenat Diagn 1981; 1:131-139.

Opie LH, Commerford PJ, Gersh BJ, Pfeffer MA. Controversies in ventricular remodelling.
Lancet 2006; 367:356-367.

Guirado L, Crispi F, Masoller N, Bennasar M, Marimon E, Carretero J, et al. Biventricular impact
of mild to moderate fetal pulmonary valve stenosis. Ultrasound Obstet Gynecol 2018;:51:349—
356.

Crispi F, Bijnens B, Figueras F, Bartrons J, Eixarch E, Le Noble F, et al. Fetal growth restriction
results in remodeled and less efficient hearts in children. Circulation 2010; 121:2427-2436.
Valenzuela-Alcaraz B, Crispi F, Bijnens B, Cruz-Lemini M, Creus M, Sitges M, et al. Assisted
reproductive technologies are associated with cardiovascular remodeling .in utero that persists
postnatally. Circulation 2013; 128:1442-1450.

Garcia-Otero L, Lopez M, Gomez O, Goncé A, Bennasar M, Martinez JM, et al.-Zidovudine
treatment in HIV-infected pregnant women is associated with fetal cardiac remodelling. AIDS
2016; 30:1393-401.

Pauliks LB. The effect of pregestational diabetes on fetal-heart function.-Expert Rev Cardiovasc
Ther 2015; 13:67-74.

Barker DJ, Winter PD, Osmond C, Margetts B, Simmonds‘SJ. Weight in infancy and death from
ischaemic heart disease. Lancet 1989; 2:577-580.

Rodriguez-Lopez M, Osorio L, Acosta-Rojas R, Figueras J, Cruz-Lemini M, Figueras F, et al.
Influence of breastfeeding and postnatal nutrition on cardiovascular remodeling induced by fetal
growth restriction. Pediatr Res 2016; 79:100=106.

Shapiro I, Degani S, Leibovitz Z, Ohel G, Tal Y, Abinader EG. Fetal cardiac measurements
derived by transvaginal and transabdominal cross-sectional echocardiography from 14 weeks of
gestation to term. Ultrasound Obstet Gynecol 1998; 12:404-418.

Schneider C, McCrindle BW, Carvalho JS; Hornberger LK, McCarthy KP, Daubeney PEF.
Development of Z-scoresfor fetal cardiac dimensions from echocardiography. Ultrasound Obstet
Gynecol 2005; 26:599-605.

Firpo C, Hoffman JIE; Silverman NH. Evaluation of fetal heart dimensions from 12 weeks to
term. Am J Cardiol 2001; 87:594-600.

Gu X, He Y, Zhang ¥, Sun L; Zhao Y, Han J, et al. Fetal echocardiography: Reference values for
the Chinese-population. J Perinat Med 2017; 45:1-9.

Gagnon C, Bigras JL, Fouron JC, Dallaire F. Reference Values and Z Scores for Pulsed-Wave
Doppler and M-Maode Measurements in Fetal Echocardiography. J Am Soc Echocardiogr 2016;
29:448-460e9.

Li X, Zhou Q, Huang H, Tian X, Peng Q. Z-score reference ranges for normal fetal heart sizes
throughout pregnancy derived from fetal echocardiography. Prenat Diagn 2015; 35:117-124.
Hadlock FP, Harrist RB, Carpenter RJ, Deter RL, Park SK. Sonographic estimation of fetal
weight. The value of femur length in addition to head and abdomen measurements. Radiology
1984; 150:535-540.

Hadlock FP, Shah YP, Kanon DJ, Lindsey J V. Fetal crown-rump length: reevaluation of relation
to menstrual age (5-18 weeks) with high-resolution real-time US. Radiology 1992; 182:501-505.
The International Society of Ultrasound in Obstetrics. ISUOG Practice Guidelines (updated):
sonographic screening examination of the fetal heart. Ultrasound Obstet Gynecol 2013; 41:348—
359.

Lopez L, Colan SD, Frommelt PC, Ensing GJ, Kendall K, Younoszai AK, et al.
Recommendations for quantification methods during the performance of a pediatric
echocardiogram: a report from the Pediatric Measurements Writing Group of the American
Society of Echocardiography Pediatric and Congenital Heart Disease Council. J Am Soc
Echocardiogr 2010; 23:465-467.

Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Ernande L, et al. Recommendations
for Cardiac Chamber Quantification by Echocardiography in Adults: An Update from the
American Society of Echocardiography and the European Association of Cardiovascular



351
352
353
354
355
356
357
358
359

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

15

Imaging. J Am Soc Echocardiogr 2015; 28:1-39.e14.

Royston P, Wright EM. How to construct “normal ranges” for fetal variables. Ultrasound Obstet
Gynecol 1998; 11:30-38.

McAuliffe FM, Trines J, Nield LE, Chitayat D, Jaeggi E, Hornberger LK. Early fetal
echocardiography--a reliable prenatal diagnosis tool. Am J Obstet Gynecol 2005; 193:1253-1259.
Luewan S, Yanase Y, Tongprasert F, Srisupundit K, Tongsong T. Fetal cardiac dimensions at 14-
40 weeks’ gestation obtained using cardio-STIC-M. Ultrasound Obstet Gynecol 2011; 37:416—
422.

Gembruch U, Shi C, Smrcek JM. Biometry of the fetal heart between 10 and 17 weeks of
gestation. Fetal Diagn Ther 2000; 15:20-31.

Smrcek JM, Berg C, Geipel A, Fimmers R, Diedrich K, Gembruch U. Early fetal
echocardiography: heart biometry and visualization of cardiac structures between 10 and 15
weeks’ gestation. J Ultrasound Med 2006; 25:173-175.

Hata T, Senoh D, Hata K, Miyazaki K. Intrauterine sonographic assessments of embryonic heart
diameter. Hum Reprod 1997; 12:2286-2291.

Tan J, Silverman NH, Hoffman JIE, Villegas M, Schmidt KG. Cardiac dimensions determined by
cross-sectional echocardiography in the normal human fetus from 18 weeks to term. Am_J
Cardiol 1992; 70:1459-1467.

Aye CYL, Lewandowski AJ, Ohuma EO, Upton R, Packham A, Kenworthy Y; et al. Two-
Dimensional Echocardiography Estimates of Fetal Ventricular Mass-throughout Gestation. Fetal
Diagn Ther 2018; 44:18-27.

Sharland GK, Allan LD. Normal fetal cardiac measurements derived by cross-sectional
echocardiography. Ultrasound Obstet. Gynecol. 1992; 2:175-181.

Allan LD, Joseph MC, Boyd EG, Campbell S, Tynan M./M-mode echocardiography in the
developing human fetus. Br Heart J 1982; 47:573-583.

Chanthasenanont A, Somprasit C, Pongrojpaw D. Nomograms of the fetal heart between 16 and
39 weeks of gestation. J Med Assoc Thail 2008;91:1774-1778:

Patchakapat L, Uerpairojkit B, Wacharaprechanont'T, Manotaya S, Tanawattanacharoen S,
Charoenvidhya D. Interventricular septal thickness of Thai fetuses: At 32 to 35 weeks’ gestation.
J Med Assoc Thail 2006; 89:748-754.

Jatavan P, Tongprasert F, Srisupundit K; Luewan S, Traisrisilp K, Tongsong T. Quantitative
Cardiac Assessment in Fetal Tetralogy of Fallot. J Ultrasound Med 2016; 35:1481-1488.
Hernandez-Andrade E, Patwardhan M, Cruz-LLemini M, Luewan S. Early Evaluation of the Fetal
Heart. Fetal Diagn Ther 2017; 42:161-173.

Michelfelder E, Gottliebson W, Border W, Kinsel M, Polzin W, Livingston J, et al. Early
manifestations and spectrum of recipient twin cardiomyopathy in twin-twin transfusion
syndrome: Relation'to Quintero stage. Ultrasound Obstet Gynecol 2007; 30:965-971.
Rodriguez-Lopez M, Cruz-Lemini M, Valenzuela-Alcaraz B, Garcia-Otero L, Sitges M, Bijnens
B, et al. Descriptive analysis of different phenotypes of cardiac remodeling in fetal growth
restrictionsUltrasound Obstet Gynecol 2017; 50:207-214.

Jatavan P, Chattipakorn N, Tongsong T. Fetal hemoglobin Bart’s hydrops fetalis:
pathophysiology, prenatal diagnosis and possibility of intrauterine treatment. J Matern Fetal
Neonatal Med2018; 31:946-957.

Byrne FA, Keller RL, Meadows J, Miniati D, Brook MM, Silverman NH, et al. Severe left
diaphragmatic hernia limits size of fetal left heart more than does right diaphragmatic hernia.
Ultrasound Obstet Gynecol 2015; 46:688-694.

Donofrio MT, Moon-Grady AJ, Hornberger LK, Copel JA, Sklansky MS, Abuhamad A, et al.
Diagnosis and treatment of fetal cardiac disease: A scientific statement from the american heart
association. Circulation 2014; 129:2183-2242.



388

389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411

16

FIGURE LEGENDS

Figure 1: Fetal echocardiographic images illustrating the measurement of (A) cardiac diameters
and area, (B) atrial diameters and areas, (C) ventricular diameters and areas and (D)
myocardial wall thicknesses.

Figure 2: Scatterplots of the cardiac transverse (a) and longitudinal diameters (b) and cardiac
area (c) plotted against gestational age in the study population. Estimated 5th, 50th and 95th
centile curves are shown.

Figure 3: Scatterplots of the left atrial transverse (a) and longitudinal diameters (b) left atria
area (c) and the right atrial transverse (d) and longitudinal diameters (e) and right atria area (f)
plotted against gestational age in the study population. Estimated 5th, 50th and 95th centile
curves are shown.

Figure 4. Scatterplots of the left ventricular basal (a) midtransverse (b) and longitudinal (c)
diameters and (d) area and the right ventricular basal (e) midtransverse (f) and longitudinal (g)
diameters and (h) area plotted against gestational age in the study population. Estimated 5th,
50th and 95th centile curves are shown.

Figure 5: Scatterplots of the left (a) right (b) and septal (c) wall thicknesses plotted against
gestational age in the study population. Estimated 5th, 50th and 95th centile curves are shown.



