Chapter 3

Standard fundal height growth curve



Standard fundal height growth curve (SFHGC) is a curve of FH in centimeters throughout
pregnancy derived from a normal population, a normal pregnancy involving a normal birth
weight infant. Therefore, it can be used as a norm of FH in each population. The SFHGC is
presented by graph of percentile line in each level, for example, 5th, 10th, 50th, 90th, and 95th
percentile or line of mean and tstandard deviation. The y-axis is FH in centimeters and the x-
axis is GA in weeks.

From 1972 to 1977, Westin! developed the SFHGC for the first time in Sweden by
deriving and comparing the growth curves of FH, maternal weigh, and maternal girth of normal
pregnancy with a mean birth weight +1 standard deviation. He found that FH curve exhibited a
smaller biological variation than others and highly correlated with fetal crown-rump length
throughout pregnancy. In addition, the FH curve of LGA and SGA fetuses differed from those
appropriate for gestational age (AGA) fetus and noticed that the FH growth curve above mean
+2SD was able to detect large for date infants (BW above mean +1SD) at 65% and FH growth
curve below mean -2SD was able to detect small for date infants (BW below mean -1SD) 75%.
Therefore, Westin chose the FH curve to monitor fetal growth and detect accelerated and
restriction growth of the fetus, when FH in centimeters within normal limit could imply
normal, when deviating from normal (+2cm from mean) and may be at risk for abnormal. This
curve was well known in terms of the gravidogram and was recommended for use in high risk
groups such as IUGR, LGA, twin pregnancy and polyhydramnios both in developed and
developing countries.

In 1978, Belizan et al.2 constructed SFHGC during pregnancy with 10th, 50th, and 90th
percentile lines from the normal values of FH in centimeters, called the Belizan chart, which
was widely used in South Africa to detect IUGR when FH in centimeters was below the 10th
percentile line. The sensitivity and specificity of the Belizan chart in detecting LBW infants (BW
below 10th percentile) was 86% and 90%, respectively. The SFHGC of the Belizan chart was
similar to Westin’s gravidogram but its growth rate was slightly low in the near term period.

In 1982, Calvert et al.® derived the Caucasian FH growth curve, the Cardiff symphysis-
fundus chart, which was recommended to use in Caucasian populations. Subsequently, it has
been recommended to use in developing countries and low-income countries as a fetal growth
screening method. However, it does not fit the local situation such as one study in India* > that
found the SFHGC of a population in southern India was lower than the Caucasian population by
around 2-3 cms throughout pregnancy.* Moreover, one study in Tanzania,® East Africa, showed
that the scatter plot of 403 measurements among 83 women in combination with the Cardiff
symphysis-fundus chart, 132 measurements (32.9%) were below the 10th percentile line, while
only two measurements were above the 90th percentile line. However, after using FH to
create a scatter plot on FH growth chart based on the local population it fit better than the
Cardiff symphysis-fundus chart, with a clear shift to the right of the percentile lines. These
studies demonstrated that each population should have its own FH growth curve, a
demographically specific FH growth curve, to use in monitoring fetal growth and screening for
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abnormal intrauterine growth rather than a universally derived curve, as the SFHGC is
influenced by race and ethnicity, socioeconomics, nutritional status, FH measurement
technique and menstrual or ultrasound dating.

Therefore, several countries worldwide has developed their own standard FH growth
curves based on routine clinical practices which then demonstrated differences in the FH, rate
of change in centimeters during growth spurts and characteristics of slope and curve patterns
(Table 3.1). SFHGC has its characteristics following the final model of linear regression or
polynomial regression (quadratic, cubic, or quartic equation)’ and was applied to the smooth
line of the FH growth curve. The standard form linear equation is y = ax + b; the quadratic
equation is y = ax? + bx +c; the cubic equation is y = ax3 + bx? +cx + d and the quartic equation is
y = ax* + bx3 +cx? + dx + e.

Nevertheless, a systematic review toward the ability of SFHGC to predict IUGR, SGA and
LGA fetuses determined the sensitivity, specificity and positive predictive value significantly
differed®*®> which may have been caused from various screening tools, study methods, eligible
criteria, definition of IUGR, SGA and LGA fetus, GA definition, measurement method, cutoff
point of abnormal FH and statistical analysis. Therefore, many studies recommended how to
improve ability of FH to detect abnormal intrauterine growth by the methods described

below 5,8,11,16-20

1. Create a SFHGC that suits a particular characteristic of each population and individuals
whose normal norm used by a normal population is not applicable. SFHGC is a dynamic tool
that can be changed following the normal population in a specific period especially in the
globalization era when migrating populations are increasing. Cross-race marriages, nutritional
changes and gestational age calculation are all more accurate than previously.

2. FH should be in centimeters on suitable standard FH growth curve in every antenatal
care visit and frequently standardize FH measurement method.

3. Determine the proper guidelines to screen any abnormal condition in a specific
population.

Standard FH growth curve in Thailand

In Thailand, healthcare providers have also use FH measurement as a primary screening tool to
detect abnormal intrauterine growth in routine antenatal care (ANC) practice for ages as same
as other countries around the world. However, recently, abnormal screening criteria are that
FH in centimeters below or above GA in weeks more than 2-3 cms and did not use a FH growth
chart as a tool to monitor and screen abnormal growth of the fetus.

Studies conducted on FH in centimeters of Thai women during pregnancy showed
different results in each study (Table 3.1). In addition, SFHGC in a Thai population was first
published in 1984 by Linasmita and Sugkraroek?’ who began to conduct research at
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Ramathibodi Hospital and created a SFHGC from 1,295 measurements on the 415 normal
singleton pregnancies who delivered infants with birth weights from 2,500 to 3,999 g with
gestational age calculated from the first day of LMP. The FH growth chart showed 10th, 50th,
and 90th percentile lines constructed using polynomial regression and applied in the antenatal
care clinic in Ramathibodi Hospital.

In 2001, a new standard fundal height growth curve was created by Limpanyalert and
Manotaya!’ based on ultrasound that confirmed LMP dating in King Chulalongkorn Memorial
Hospital from 879 measurements on 199 normal singleton pregnancies involving infant BWs
between the 10th and 90th percentiles. The FH obtained from the quadratic regression
equation was FH (cm) = -7.7152 + 1.6365 GA (wk) - 0.0124 GA? (wk). The SFHGC was presented
as a smoothed function of the 5th, 50th, and 95th percentiles exhibiting new SFHGC presenting
different patterns from the one published in 1984.

RCOG has recommended to measure and plot FH in centimeters on customized growth
charts, tools for assessing fetal growth and birth weight at every antenatal visit to detect fetal
growth problems, especially SGA fetus and added the suggestions as Guidelines of RCOG since
2002 until the present.?> 2 Several countries have developed their own customized growth
charts for suitable screening tool in their own setting such as Australia, New Zealand, the
United States, the Netherlands, Ireland, Spain, Sweden, Brazil and India.?®

Deeluea et al.?* aware of advantages and values of SFHGC utilize as a primary screening
tool in Thailand, thus using the mentioned tool in the setting was established. However, FH
growth curve since 19842 and 2001 had limitation of utilizing nowadays because 2 studies
had derived base on their own settings which conducted in university hospitals located in the
capital city leading to some limitations when using in community and local hospitals, where
pregnant women have middle to poor economic status. Moreover, study in 1984%! calculated
GA from LMP which did not confirmed by US and study in 2001’ calculated GA from US alone
which different from routine practice in upper northern Thailand.

In 2012, Deeluea et al. ** derived the local standard FH growth curve for Thai women in
upper northern Thailand, based on routine clinical practices in four Ministry of Public Health
hospitals, including two secondary care hospitals: Phayao Hospital and Lamphun Hospital, and
two tertiary care hospitals: Lampang Hospital and Nakhon Ping Hospital. All four settings
exhibited similar patterns of pregnant women in which the majority had middle to poor
economic status and had similar guidelines for antenatal care practices. FH measurement was
performed by nurses or physicians at every antenatal visit, which was measured in centimeters
from the upper border of the symphysis pubis to the top of the uterine fundus, or reversed
direction using a non-elastic measuring tape. SFHGC was derived using 7,523 measurements of
1,038 normal Thai singleton pregnancies that delivered term normal infants BW from 2,500 to
3,999 g for which gestational age was confirmed by ultrasound before 20 weeks. When
gestational age by LMP and ultrasound were both related, then it was calculated using LMP.
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When not, it was calculated using ultrasound. Pregnant women with current smoking, alcohol
drinking, substance use, abnormal fetal presentation, and fetal anomaly were excluded from
this study.

The result found that FH increased from 19.1+1.9 cm at 20 weeks to 35.4+2.4 cm at 40
weeks. The second degree polynomial equation was: FH (cm) = -19.7882 + 2.438157 GA (wk) -
0.0262178 GA? (wk) (R-squared=0.85). This equation was used to predict the 10th, 50th, and
90th percentiles of FH and was applied to smooth each percentile line. The new SFHGC
“Jirawan FH growth curve” was presented as a smoothed function of the 10th, 50th, and 90th
percentile lines between 20 and 40 weeks of gestation. It presented a quadratic pattern for
which FH growth rate showed a maximum increase of 1.0 cm per week from 20 to 32 weeks,
0.7 cm per week from 33 to 36 weeks, and slightly increased 0.3 cm per week from 37 to 40
weeks (Figure 3.1). It differed from previous studies in the aspect of value of FH in centimeters,
slope and curve pattern. These could be due to differences in race and ethnicity, nutritional
status, measurement of fundal height, gestational age calculation, data collection and
statistical analysis (Table 3.1).

The pattern of the Jirawan FH growth curve was similar to previous studies in Thailand,”. 2
Tanzania,® and Nigeria?® presenting the quadratic pattern, but differed from studies in
Sweden?> 26 and Mozambique?’ which exhibited the cubic pattern. The reasons can be the
stature and pelvic cavity of Thai women that are smaller than Caucasian women,3? causing an
increase a FH early in pregnancy. In contrast, Caucasian women have larger stature and a
wider pelvic cavity®® which cause increasing in pattern of FH like an S-shaped, sigmoid curve or
cubic pattern which the FH will increase very slowly in the beginning. However, in middle
phase the FH will increase rapidly and then in the last phase the FH will increase slowly again.

The decreasing growth rate of FH around term might be because subjects in this study
were nulliparous about 50.4%,%* for which the presentation will engage approximately 2 to 4
weeks before delivery. However, from the 2001 study in Thailand,” the slope of FH increased
constantly until 39 weeks of gestation. This might have been because most subjects were
multiparous (61.3%) for which the presentation will engage during the labor stage. Black
women with African ethnicity with an anthropoid pelvis who presented a similar FH growth
curve pattern as Thai women, but did not decline around term due to the anthropoid pelvis,
oval shaped inlet with long anteroposterior diameter and short transverse diameter,3* causing
a slowing down in the engagement of the fetal head in the pelvic inlet. An exception was
observed in some African ethnics with gynecoid pelvis.®
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Table 3.1 Fundal height in cm per week of gestation from various countries worldwide

Country Reference No. of No. of Data GA by FH measured Subjects Mean or GA (wk) and FH (cm)
women measureme collection LMP or method centile of 20 24 28 32 36 40
nts Us FH in cm
Sweden Westin, 1977* 100 Unknown Longitudinal LMP SP to Top Normal Mean 18.0 22.0 26.0 29.5 33.0 35.5
Sweden Hakansson 403 4,189 Longitudinal us SP to Top Normal Mean 19.0 23.0 27.0 30.5 33.5 35.5
etal., 1995%° Westin
Sweden Steingrimsdottir 1,650 1,650 X-sectional us SP to Top Normal Mean 19.0 23.1 27.1 30.1 33.6 35.8
etal., 1995% Westin
Scandinavia Pay et al., 201316 42,018 282,713 Retrospective us SP to Top All singleton 50t - 23.2 26.7 30.4 33.7 36.3
Longitudinal Westin +complication centiles
UK Calvert et al., 313 1,775 Prospective LMP Top to SP Normal 50t 18.8 22.9 26.8 30.2 33.7 36.2
19823 Longitudinal centiles
Argentina Belizan et al., 1978 298 1,508 Longitudinal LMP SP to Top Normal 50t 18.5 22.5 26.5 30.5 33.5 34.5
centiles
Tanzania Walraven et al., 83 403 Prospective LMP SP to Top Normal Mean 16.2 20.3 23.6 27.8 31.2 33.6
1995° Longitudinal
Mozambique Challis et al., 817 6,544 Prospective us SP to Top All 50t 19.0 23.0 26.8 30.0 33.0 35.0
2002% Longitudinal Westin subgroup centiles
Nigeria Mador et al., 405 405 Prospective us SP to Top Normal 50t 19.1 24.4 28.3 32.0 35.8 39.3
2010% X-sectional centiles
Hong Kong Ngan et al., 1988%°  Unknown 1,051 Prospective LMP SP to Top Normal Mean 17.9 22.0 25.9 29.5 32.8 36.1
Longitudinal
India Mathai et al., 19874 250 584 Prospective LMP SP to Top Normal Mean 18.0 21.5 24.5 27.5 31.5 33.5
Longitudinal
India Rai et al., 19953° 100 523 Prospective LMP/US SP to Top Normal Mean 18.9 22.8 26.9 31.0 34.4 37.3
Longitudinal
Thailand Linasmita et al., 415 1,295 Prospective LMP SP to Top Normal 50t 17.7 23.1 26.4 30.4 32.9 34.6
198421 Longitudinal (Figure 2.4) centiles
Thailand Limpanyalert 199 879 Prospective LMP/US Top to SP Normal 50t 20.1 24.4 28.4 32.0 35.1 379
etal., 2001Y Longitudinal centiles
Thailand Deeluea et al., 1,038 7,523 Retrospective LMP and Top to SP Normal 50th 18.7 23.7 28.0 314 34.0 35.8
201324 Time-series us SP to Top centiles
International Papageorghiou 4,239 20,566 Prospective LMP/US Top to SP Normal 50t 20.0 24.0 27.5 31.5 35.0 38.0
8 countries etal, 20163 Longitudinal SP to Top centiles

Abbreviations: GA, gestational age; LMP, last menstrual period; US, ultrasound; FH, fundal height; SP, symphysis pubis; Top, top of uterine fundus; GA by LMP/US, dated calculated by LMP which
confirmed by US; GA by LMP and US, dated confirmed by US calculated by LMP or US; Westin: The method of FH is measured from the upper border of the symphysis pubis along the longitudinal

axis of the uterus to the topmost of the uterus, whether within or outside the midline.



Jirawan FH growth curve based on Thai population
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Figure 3.1 Jirawan FH growth curve derived from 7,523 measurements of 1,038 normal Thai singleton
pregnancies with dates confirmed by ultrasound before 20 weeks of gestation with 10th, 50th, and 90th
percentile lines, fitted by a quadratic regression.2*

When comparing SFHGC among the Thai population, the Jirawan FH growth curve was 1.0
cm above the study in 1984,%! but 0.5 to 1.0 cm below the study in 2001 (Figure 3.2). These
could be due to the factors described below.

1. Population characteristics: mean BW infant in Thailand tended to increase from 2,933
gin 19823610 3,117 g in 2011%’; thus, the SFHGC in this study increased following the mean BW
of infants. In 20017 the SFHGC was higher might be because most subjects were multiparous.

2. Gestational age calculation: it was worth noticing that gestational age in three studies
used different criteria: LMP,%* ultrasound,'” and LMP or ultrasound.?* GA calculated based on
LMP tends to be overestimated by ultrasound.3® 3° However, in this study GA based on LMP
and ultrasound was very similar. These could have been because most subjects in this study
presented normal BMI (21.6+3.8 kg/m?).%* Therefore, the errors from ultrasound reading were
less than those of women who had overweight or obese.*°

3. Data analysis: The regression technique was used to create new SFHGCs for Thai
women by correlating FH in centimeters and GA during pregnancy for the same subject. A
multilevel model for continuous data using longitudinal data proved to be more appropriate
than cross-sectional data used to create the SFHGC in 2001.%
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Figure 3.2 Compared 50th percentile lines of standard FH growth curve in a Thai population?*

The abnormal screening criteria used in this study comprised the 10th to 90th percentile
line to focus on screening rather than diagnosis. Further investigation is recommended when
FH in centimeters is below the 10th, or above the 90th percentile lie, the pattern of FH slows
down, becomes static, decreases or increases dramatically. The effectiveness of screening
using the Jirawan FH growth curve will be continued to study for further information.

In conclusion as mentioned above, each population should have its own individual SFHGC
to use in monitoring and screening abnormal intrauterine growth. Even in the same country,
different contexts, i.e., ethnicity, socioeconomics, routine ANC practices, can also lead to
differences in SFHGC. The Jirawan FH growth curve can be used as a norm of FH among Thai
women in northern Thailand instead of using the FH in centimeters equals to GA in weeks *2.
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