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Abstract

Purpose To evaluate which reference curve (RC)—Snijders, Intergrowth 21st (IG21) and World Health Organization
(WHO)—is more accurate for microcephaly diagnosis.

Methods Retrospective cohort study with more than 30,000 exams in more than 11,000 women. Microcephaly was confirmed
by a neonatologist at birth and positive predictive values (PPVs) and misdiagnosis were assessed.

Results A total of 71 cases were confirmed as microcephaly at birth. IG21 and Snijders PPVs showed to be more significant
over WHO’s (p <0.001), without difference between them (p =0.39). All RC were superimposed and did not show significant
difference. When evaluated in different fragments, three trends were observed (until 30 weeks, between 30 and 36 and after
36 weeks of gestational age), with the latter interval showing a significant difference between IG21 and WHO (p =0.0079).
Conversely, WHO exhibited only one misdiagnosis, a much lower rate than Snijders, who missed eight cases and IG21, nine.
Conclusion WHO’s RC appears to misdiagnose fewer cases, which could be useful for a population screening, while IG21’s

RC presented a more significant PPV, being more useful for a more precise final diagnosis in reference centers.

Keywords Microcephaly - Reference values - Fetal development - Growth curve - Diagnosis

Introduction

Fetal head circumference (HC) measurement by ultrasonog-
raphy is important to evaluate intrauterine fetal growth and
allows the diagnosis of abnormalities such as microcephaly
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[1, 2]. It also can be related to other fetal malformations,
whether in the central nervous system or in other body parts
[3-5].

Recently, Zika virus was the most cited cause of micro-
cephaly, but other infections, such as toxoplasmosis and
cytomegalovirus may cause similar findings [6-9]. Non-
infectious causes like genetic syndromes are also related
to microcephaly, including trisomies (Down, Patau and
Edwards Syndromes) and maternal use of drugs and alco-
hol [10-14]. Finally, there are the small for gestational age
fetuses due to hereditary factors, nutritional deficiency, or
placental disorders [15, 16]. Although the final diagnosis
requires other exams, prenatal suspicion relies upon ultra-
sound evaluation.

Curves of references are designed to define a normality
pattern and to help in this evaluation. In 1994, Snijders and
Nicolaides (Snijders) published one of the most commonly
used reference curves (RC) created from the analysis of
more than a thousand normal singleton pregnancies between
1987 and 1993 in the UK [17]. Meanwhile, in a publication
on children’s growth, the World Health Organization (WHO)
suggested that it would be necessary to develop another

@ Springer


http://orcid.org/0000-0002-8643-1578
http://crossmark.crossref.org/dialog/?doi=10.1007/s00404-019-05234-5&domain=pdf

1212

Archives of Gynecology and Obstetrics (2019) 300:1211-1219

reference interval with a more heterogeneous population
[18]. Nevertheless, several studies have shown a more accu-
rate result in microcephaly diagnosis when a local developed
RC was used [19-21].

In 2013, Intergrowth-21st study (IG21) started to be
published and evaluated pregnant women in eight coun-
tries from four different continents [22, 23]. Leibovitz et al.
compared three references curves, from USA, Israel and the
1G21, showing similar positive predictive values (PPV) for
the diagnosis of microcephaly, around 60% [24]. Likewise,
Stirnemann et al. showed no disparity between IG21 and
the French for a low-risk pregnancy group [25]. Later on,
but using similar study design as IG21, WHO published a
multicentric study in ten different countries from four con-
tinents [26, 27].

Brazil was included in both WHO and IG21 studies, but
no comparative analysis regarding the regional use of these
curves were made. This paper intended to compare both
RC and the traditional RC of Snijders, currently used in the
regional reference service at a tertiary hospital in Campinas,
Brazil. We expected to clarify the real usefulness of each RC
and which one would be more appropriate to use in a refer-
ence center for a more precise diagnosis.

Methods
Design

Retrospective study conducted at the Women’s Hospital
(CAISM), University of Campinas, tertiary referral center
for an estimated 3,000,000 people in Brazil. Institutional
Review Board approved the study under the registration
#69181317.3.0000.5404 and STROBE statement was
followed.

Study population

Records of all obstetrics ultrasounds (US) between 1 January
2011 and 22 November 2016 were collected from the data-
base available at ASTRAIA® (Astraia software GMBH®,
Munich, Germany), comprising 32,181 exams among 11,269
women. Women included in this study had a singleton preg-
nancy, between 24 and 40 weeks + 6 days, with a living fetus
absent of malformations, delivered at CAISM with a last
available US assessed no longer than 14 days before birth-
date suggesting microcephaly. Identification of these cases
was performed through a search on internal database.

Definitions

GA was calculated according to last menstrual period (LMP)
and/or the first-trimester ultrasound. If the crown-rump
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length (CRL) was compatible with LMP or with a variation
of 7 days from it, LMP was adopted as reference. If unaware
of their LMP or the difference was bigger than 7 days from
CRL, we adopted the first-trimester US as reference [28, 29].

Techniques

Exams were performed in the Ultrasound Unit of the hospi-
tal with Toshiba Xario® (Toshiba Medical System Corpo-
ration, Otawara, Tochigi, Japan), Voluson 730 Expert® or
Voluson 8% (GE Healthcare® Ultrasound, Milwaukee, W1,
USA) equipment. Data were saved in ASTRAIA® database.
Fetal biometry was assessed by ultrasound residents and
reviewed and signed by expert ultrasound specialists, senior
members of the Imaging Section team.

Biparietal diameter (BPD) was measured from the outer
edge of parietal fetal bone to the inner edge of the deeper
parietal fetal bone (outer—inner) at the level of the cavum
septum pellucidum, thalamus, and choroid plexus in the
atrium of the lateral ventricles. Occipitofrontal diameter
(OFD) was measured in this same level from the outer
edge of frontal fetal bone to the inner edge of occipital fetal
bone (outer—inner) in the middle of the bone echoes. HC
was calculated from these two previous measures using the
formula 3.14 x (BPD + OFD)/2, according to Snijders and
Nicolaides’ method [17].

These respective values were recorded in the software
and HC measure was later distributed separately into Sni-
jders, IG21 and WHO’s RC for HC. Microcephaly cases
were divided according to these RC. Cases without com-
plete information at delivery or delivered elsewhere were
excluded.

In order to create a standard to evaluate the PPV of
microcephaly diagnosis, this paper used percentile 2.5, also
defined as — 1.96 SD below the mean, as the cut-off for HC
fetal measurement. This decision was made because it corre-
sponds to the least available percentile provided by WHO’s
study. Snijders and Nicolaides did not report this percentile,
but both provided access to formulas to achieve it (please
see statistical analysis). This formula was not available in
WHO'’s publication, not allowing us to standardize a lower
percentile for the study [17, 23].

Microcephaly gold standard was defined by the postna-
tal cephalic measure assessed by an expert neonatologist. It
was given using a flexible measuring tape from the occipital
prominence at the back to the front above the eyebrows,
passing above the ears, immediately post-partum. This
measure was distributed in the RC for postnatal HC, through
an online tool [30, 31]. Postnatal microcephaly was diag-
nosed if this value corresponded to more than 2SD below the
mean expected for the postnatal GA and gender. This data
was calculated by using date of delivery, postnatal HC and
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gender, obtained directly from the women’s medical record
at the Hospital.

Statistical analysis

Linear regression was used to identify cases prenatally
considered microcephaly for each RC. Snijders disposed
a normal range for HC according to GA per week from
14 to 39 weeks with the median and percentile 5 and 95.
Percentile 2.5 was calculated through the logarithmic for-
mula as logl0(CC+1)=1.3369692 +0.0596493 x week
s — 0.0007494 x weeks?, presented in the original manu-
script. With that, it was possible to input fractioned weeks
in order to obtain the reference by days and assess the HC
expected for the 40th week of GA.

Similarly, the IG21 study presented the normal range for
median HC per week of GA from 14 to 40 weeks, starting
from the third percentile. The logarithmic formula to assess
the median HC equivalent to the 2.5 percentile for each GA
was —28.2849 +1.69267 x GA2 — 0.397485 x GA2 X log(GA
). Despite the need of calculate the median of percentiles 2.5
of all days along each week for Snijders and 1G21, WHO’s
publication offers a full growth chart table with HC percen-
tile by GA median per week from 14 to 40 weeks, including
the percentile 2.5 used for this study.

The gold standard to detecting microcephaly at birth was
measuring 2 SD below the mean expected for the baby’s
GA and gender by the Intergrowth 21st postnatal criteria,
assessed right after birth [32]. To evaluate the diagnostic
congruence between Snijders and Nicolaides, IG21 and
WHO, the Cohen kappa coefficient was assessed for each
two pairs at a time. All three RC were also compared using
the linear regression model.

Accuracy of the HC for diagnosis of microcephaly at
birth was assessed by the positive predictive value (PPV),
which was calculated as the number of cases with micro-
cephaly at birth divided by the number of all cases consid-
ered abnormal by HC measure (with or without the postnatal
diagnostic). PPVs assessed for each of the optimal HC cut-
offs determined by Snijders, IG21 and WHO were compared
using Leisenring, Alonzo and Pepe general score test for
paired designs [33]. PPV distributions between genders for
the three parameters were compared by X? test. All statistical
calculations were performed with R software (3.4.0 version)
and a p value < 0.05 was considered statistically significant
for all analysis. To define the cut-off for the significance,
Bonferroni’s correction was used, assuming significance
when the p value is below a/3, equal to 0.05/3=0.0167 [34].

Adjusting a regression logarithmic model with time in
weeks as an independent variable as opposed to percentile
2.5, which is a dependent variable, for neonatal HC, we
obtained the following formula: p 2.5 =a+ fxlog(week)
= — 474.106+214.897 xlog(week).

When analyzed, total sample was stratified into three
groups by GA according to the RC’s behavior (Fig. 1).
Between 24-30 weeks, there were only 63 US diagnosed
as microcephaly; 161 cases between 30-36 weeks, and 138
cases with more than 36 weeks. Comparison of PPVs was
only possible for cases between 30-36 weeks and more than
36 weeks due to the already expected reduced number of
cases from 24-30 weeks. For a proper evaluation of the sig-
nificance of analysis, Bonferroni’s correction was applied
to perform multiple comparisons and once more the p value
considered statistically significant was 0.05/3=0.0167 [34].

Results

A total of 32,181 exams were analyzed from 11,859 different
gestations. A first exclusion due to missing data, multiple
pregnancy and GA over than 40 weeks and 6 days was made,
remaining 11,269 exams. From them, 792 cases considered
microcephaly according to Snijders, IG21, and/or WHO’s
criteria. After excluding new missing data, malformed fetus
and fetal death, those who were not delivered at CAISM,
and a period higher than 14 days since the last US, the final
count was 362 microcephaly cases, out of which 251 were
diagnosed by Snijders, 256 diagnosed by 1G21, and 349
diagnosed by WHO, as illustrated in Fig. 2.

Snijders and WHO simultaneously considered 550 cases
as microcephaly, while 51 were considered microcephaly
only according to Snijders, and 194 only according to WHO,
giving a Cohen’s Kappa of 0.80 and a p value <0.001. In
1G21 and WHO analysis, 568 cases were considered micro-
cephaly according to both, 21 were considered microcephaly
only according to IG21 and 173 only according to WHO,
with a Cohen’s Kappa of 0.84 and p value <0.001. The third
analysis compared Snijders and IG21, with 558 cases consid-
ered microcephaly according to both, 43 considered micro-
cephaly only according to Snijders and 31 only according to
IG21, with a Cohen’s Kappa of 0.93 and a p value <0.001.

A total of 71 cases (19.6%) were confirmed as postnatal
microcephaly. Taking into consideration the definition by
Snijders, 63 out of the 251 cases (25.1%) were confirmed as
postnatal microcephaly. In comparison, IG21 had 62 cases
confirmed out of 256 diagnosed (24.2%) whereas WHO
confirmed as postnatal microcephaly 70 out of 346 cases
(20.2%) Table 1. Snijders and IG21 showed a better PPV
in comparison to WHO (binary diagnostic paired test, p
value <0.001). However, there was not a significant differ-
ence between Snijders and IG21 (p value =0.39). While Sni-
jders failed in diagnose eight cases and 1G21 failed in nine
cases, WHO failed in only one. However, WHO diagnosed
276 false positive cases, while Snijders 188 and IG21 194.

Analyzing the results by gender, according to Snijders,
45 out of the 165 female cases were confirmed (27.3%) as
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Fig.1 HC per week curves for Snijders and Nicolaides, WHO and IG21 by gender

postnatal microcephaly, and only 18 out of 86 male cases
were confirmed (20.9%). For 1G21, 42 out of 170 female
cases were confirmed (24.7%) and 20 out of 86 male cases
(23.3%). For WHO'’s cases, 47 out of 222 female cases were
confirmed (21.2%) as postnatal microcephaly, and 23 out of
124 male cases (18.5%). In all three references, there was a
notable difference between male and female microcephaly
diagnosis according to prenatal US, with a proportion of
almost two females for each one male. Nevertheless, there
was no significant difference between PPV values by gen-
der in any RC (x> homogeneity test, Snijders p value =0.34,
1G21 p value=0.91, and WHO p value =0.65) (Table 1).
As shown in Fig. 1, despite the disparity in microcephaly
between male and female fetuses diagnosed by US, there was
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no difference in microcephaly after birth (green). Females
(arrows) and males (triangles) were similar, with a few more
female cases in the bottom values.

A graph with the three parameters for HC percentile 2.5
and GA was drawn (Fig. 3), showing that they are very simi-
lar until approximately 36—-37 weeks, when WHO contin-
ues to increase and Snijders and IG21 stopped in a plateau.
When compared by pair, Snijders and IG21 showed a p value
of 0.679, and WHO and IG21 showed a p value of 0.628.
Consequently, Snijders and WHO did not exhibit a signifi-
cant difference in between them either. The three curves
have no statistical difference, meaning that the regression
logarithmic model presented was not sufficient to explain
the relation between percentile 2.5 and logarithm of weeks.
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Fig.2 Fluxogram showing the case selection for each reference (WHO, Snijders and IG21) according to the non-continuity criteria, starting with

all the obstetrics ultrasounds analyzed at the beginning of the study

Table 1 PPV values for microcephaly for each US reference analyzed
by gender

Total PPV* Female PPV Male PPV
Snijders 25.1 27.27 20.93
WHO 20.2 21.17 18.55
1G21 24.2 24.71 23.26

Snijders and Nicolaides, p=0.34; IG21, p=0.91; and WHO p=0.65
*Binary diagnostic paired test, p value <0.001

In order to a more profound evaluation, PPVs of each
reference were assessed for an interval of 14 days in
the gestational week starting at 25 weeks, as shown in
Table 2. It was notable that WHO’s PPV was higher than
the others only between 33 and 34 weeks. The discrep-
ancy became evident at 39—40 weeks, with Snijders’ PPV
three times higher and IG21’s PPV two times higher than
WHO'’s (Table 2). Between 37 and 40 weeks, IG21 and
WHO showed a statistically significant difference, with
a better result for IG21 (Table 3).

Discussion

This study compared the PPV of three different US ref-
erences (Snijders, IG21 and WHO) for prenatal micro-
cephaly with the postnatal microcephaly diagnosis as a
gold standard. Snijders and IG21 showed a non-statisti-
cally significant difference between their PPVs, with a
better PPV in comparison to WHO’s. However, WHO’s
reference missed only one case of postnatal microceph-
aly, while Snijders and IG21 missed eight and nine cases,
respectively. This finding indicates a different application
for WHQ'’s reference curve when compared to the others,
once it can be better used, for instance, in a public health
global microcephaly screening, covering a bigger number
of cases even with a higher number of false positives, sug-
gesting a tendency in a possible higher sensibility. Unfor-
tunately, we cannot affirm that the sensibility is indeed
higher because the NPV could not be assessed, once the
cases not diagnosed by US as a microcephaly were not
included in the project.

A significant difference among the curves could be
expected, considering the disparity between their PPVs.
However, this difference was not enough to produce a
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Fig.3 Curves of percentile 2.5 of fetal head circumference measure per week according to Snijders, WHO and 1G21 (IG21 vs WHO, p=0.628;

IG21 vs Snijders, p=0.679)

Table2 PPV values of microcephaly postnatal diagnosis for
each US reference analyzed by a two weeks interval, from 25 to
40 weeks + 6 days

Table 3 p values PPV values for comparison on microcephaly diag-
nosis by 1G21, WHO, Snijders references according to intervals of
gestational weeks

Gestational age WHO Snijders Intergrowth 21st 30-36 weeks 37-40 weeks

2540-26+6 25.00 33.33 33.33 1G21 vs WHO 0.1509 0.0079

274+0-28+6 28.12 36.00 36.00 IG21 vs Snijders 0.5883 0.8818

29+40-30+6 9.52 11.11 11.11 WHO vs Snijders 0.3507 0.0413

3140-32+6 21.62 21.05 21.62 The bold ¢ the onlv siemifi e bet 4
e bold meant the only significant p-value between groups, accord-

33+0-34+6 30.00 27.66 26.32 ing to the Bonferroni correction, in which the p < 0.017 was consid-

354+0-36+6 22.81 24.59 23.64 ered

37+4+0-38+6 14.10 15.79 18.52

394+0-40+6 15.00 45.45 31.25

significant divergence between the curves. Furthermore,
the total number of confirmed cases of microcephaly was
too small when compared to the total amount of US micro-
cephaly cases, not representing a significant change in the
curves. This information is expected given the low incidence
of microcephaly in general population, resulting in a small
number of cases even in a large sample size as ours, which
also represents a small variation in the RC. As seen in Fig. 3,
the three RC are quite similar, except for the last gestational
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weeks, which is not the period with higher rate of micro-
cephaly diagnosis. (Fig. 3).

To assess the difference between the RC’s behaviors,
three intervals were created (24-30 weeks, 30-36 weeks
and more than 36 weeks). PPVs for each reference were
compared according to their week interval. For a multiple
comparison, Bonferroni’s method was applied, transforming
significant p value to 0.0167 [34]. A difference was found
between IG21 and WHO RC, with a p value of 0.0079. This
result was similar to Cheng et al.’s, which showed a differ-
ence between IG21 and WHO’s curves for fetal estimated
weight [35]. He noted that the reference values used by
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WHO were always higher than IG21’s for a same GA. How-
ever, Bonferroni’s method represents a conservative adjust-
ment of analysis and its interpretation should be softened.
While the comparison between WHO and Snijders showed
a p value of 0.0413, not enough to be considered significant
according to Bonferroni, the PPV distribution of cases by
GA showed that between 39 and 40 weeks, Snijders had
a PPV three times bigger than WHO, which should not be
overlooked, but considered. It shows that is highly recom-
mended the use of Snijders’ RC instead of WHO’s for evalu-
ate late term cases of microcephaly. Otherwise, the risk of a
false positive increases substantially.

From 36-37 weeks forward, WHO’s RC increases in a
different pattern compared to Snijders and IG21. However,
a regression logarithmic model did not show a statistically
significant difference among them. This probably happened
because this assessment took into consideration the whole
distribution of the curve, not only a single interval, once the
incidence of microcephaly is not high enough to allow an
interval analysis as previous discussed. Also, Snijders and
IG21 RC’s behavior are more similar because they are both
based on a normal model, while WHO’s is based on a quan-
tile regression. The difference in construction added to the
small number of cases per week interval did not allow us to
provide a comparison to evaluate in which specific point of
the curves a statistical significance is detected, which may be
seeing as a weakness of this manuscript. However, despite
the more than 33,000 US exams with a more than 11,000
different pregnancies in our database, the final number of
cases of postnatal microcephaly was only 71. When these
cases were spread into two-week GA intervals, the num-
bers of cases became even smaller. Taking this information
in consideration, any statistical comparison would increase
considerably the bias of the study.

It is important to understand the considerable difference
between prenatal and postnatal diagnosis for microcephaly in
our study. Given that as our center is a tertiary referral hos-
pital with a training team who is constantly been renewed,
biometry assessment variations could be expected. The fact
that we are evaluating fetuses closer to term and with a time
difference no more than 14 days from their delivery adds
some limitations in the head measurements, perhaps fetal
head is fixed on the cervix and thus, changes in the anatomy
may occur, fetal bones may be more calcified, increasing
artefacts and limiting an ideal evaluation. Furthermore, man-
aging complex cases such as intrauterine grown restriction
may have increased the numbers of false positives in terms
of small measures. Finally, it is important to clarify that
our population has a considerable rate of overweight and
obesity, which also may lead to a suboptimum abdominal
intrauterine scan.

Some other limitations must be discussed. As this study
was performed in a tertiary center with a high volume of

exams per day, the Imaging Department expanded rapidly
and different machines were used. The need to assess per-
centile 2.5 for Snijders and IG21 studies may pose some
calculation error due to not being the exact value available
in the original papers, but estimation. The use of a post-
natal reference for microcephaly based on newborn gender
was considered another form of bias, granted that the fetal
biometry references did not report differences in this vari-
able. The exclusive analysis of cases that were diagnosed
as microcephaly through ultrasonography, disregarding all
other cases without the ultrasonographic diagnosis, may
have led to the loss of other cases of postpartum micro-
cephaly and did not allow us to calculate the NPV nor the
accuracy of the RC. However, it is important to take into
consideration the great sample size for the project, as well as
the time interval need to achieve that number, and the several
obstacles to standardize a percentile to study, once each RC
presented a different formula and a different presentation of
their data. Any comparison between these different construc-
tions would be suggested to a limitation.

Snijders and 1G21 showed a better PPV in comparison
to WHO. However, WHO’s showed a much lower misdiag-
nosis rate. It is important to highlight that all three curves
showed significantly similar behavior until 36-37 weeks
regarding the microcephaly diagnosis. From this point for-
ward, WHO’s RC increases in a different pattern compared
to Snijders and IG21, which highlight that WHO’s reference
may have a better use for a population-based screening of
microcephaly in a large scale and lower GA, until 37 weeks,
while Snijders and IG21 may be used for a more accurate
final diagnosis on a case-by-case basis due to their better
PPVs. Consequently, the use of WHO’s reference seems to
be more appropriate for the design of health policies, for
preterm diagnosis. Once we already know that a screening
population comes with a high rate of false positive, the cases
should be revaluated according to Snijders or IG21 refer-
ences for a more definitive diagnosis.
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