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ABSTRACT

Purpose To conduct a systematic review and meta-analysis
of published nomograms for fetal vermis biometry.
Materials and Methods A structured literature search was
conducted to identify studies that reported normal measure-
ments of the fetal vermis. A customized quality assessment
tool was used to review the selected articles. Random effects
meta-analysis was used to calculate normal ranges for ver-
mian craniocaudal diameter, anteroposterior diameter, and
surface area.

Results A total of 21 studies were included for qualitative
review and 3 studies were included for quantitative synthesis.
The 3 included articles comprised a total of 10910 measure-
ments from gestational ages 17-35 weeks. The quality as-
sessment demonstrated that there was generally poor report-
ing regarding maternal characteristics and neonatal
outcomes. Except for one article with a large sample size, the
mean number of fetuses per week of gestational age was
15.9, with the lowest number being 5. There was significant
statistical heterogeneity. Non-visualization rates ranged from
0-35.4%. The craniocaudal diameter (reported in 3 articles)
increased from a mean of 7.90 mm (95 % confidence interval
[Cl] 7.42, 8.38) at 17 weeks to 21.90 mm (95 % Cl 20.63,
23.16) at 35 weeks gestation. The anteroposterior diameter
(reported in 2 articles) increased from 6.30 mm (95%
C15.42, 7.18) at 17 weeks to 15.85 (95 %Cl 15.49, 16.21) at
32 weeks.

Conclusion Reference ranges for vermis biometry across ge-
station based on meta-analysis of existing references are
provided. However, because many of the underlying studies
suffered from significant methodological issues, the ranges
should be used with caution.

ZUSAMMENFASSUNG

Ziel Durchfiihrung eines systematischen Reviews und Meta-
analyse verdffentlichter Nomogramme fiir die Biometrie des
fetalen Vermis cerebelli.

Material und Methoden Eine strukturierte Literaturre-
cherche wurde durchgefiihrt, um Studien zu identifizieren,
die tiber normale Messungen des fetalen Vermis berichteten.
Ein angepasstes Qualitdtsbewertungs-Tool wurde verwendet,
um die ausgewahlten Artikel zu Giberpriifen. Eine Metaanalyse
mit Random Effects wurde angewandt, um Normalbereiche
fir den kraniokaudalen Durchmesser des Vermis, den antero-
posterioren Durchmesser und die Oberfldche zu berechnen.
Ergebnisse Insgesamt wurden 21 Studien zur qualitativen
Uberpriifung und 3 Studien zur quantitativen Synthese ein-
geschlossen. Die 3 eingeschlossenen Artikel umfassten insge-
samt 10910 Messungen von der 17.-35. SSW. Die Qualitdts-
bewertung zeigte, dass es im Allgemeinen eine schlechte
Berichterstattung beziliglich mitterlicher Charakteristiken
und des neonatalen Outcomes gab. Mit Ausnahme eines Arti-
kels mit groBer StichprobengroRRe betrug die durchschnitt-
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liche Anzahl der Féten pro SSW 15,9, wobei die niedrigste An-
zahl 5 betrug. Es gab eine signifikante statistische Heterogeni-
tat. Die Raten fiir Nichtdarstellbarkeit lagen zwischen 0 und
35,4 %. Der kraniokaudale Durchmesser (in 3 Artikeln angege-
ben) stieg von durchschnittlich 7,90 mm (95 %-Konfidenzin-
tervall (KI) 7,42-8,38) in der 17. SSW auf 21,90 mm (95 %-KI
20,63-23,16) in der 35. SSW. Der anteroposteriore Durch-
messer (in 2 Artikeln angegeben) stieg von 6,30 mm (95 %-KI

5,42-7,18) in der 17. SSW auf 15,85 mm (95 %-KI 15,49-
16,21) in der 32. SSW.

Schlussfolgerung Basierend auf einer Metaanalyse beste-
hender Literatur werden Referenzbereiche fiir die Biometrie
des Vermis nach Schwangerschaftsalter angegeben. Da je-
doch viele der zugrunde liegenden Studien unter erheblichen
methodischen Problemen litten, sollten diese Bereiche mit
Vorsicht angewandt werden.

Introduction

Accurate sonography of the fetal posterior fossa is an essential
component of antenatal screening and diagnosis [1]. In particular,
identification of an abnormal vermis size is a critical component in
the diagnosis of vermis hypoplasia, which can occur as an isolated
lesion or accompany Dandy Walker malformation [2] and many
other syndromes. However, a number of published nomograms
for vermis size as well as techniques for measurement are de-
scribed in the literature [3-29]. Many of these studies are flawed
by small sample size or unclear measurement techniques. This
leaves the practicing sonologist in a position of having to choose
one of the published references or to compare a measured value
to multiple published nomograms. Recently there has been a call
for greater uniformity in reporting results of studies in obstetrics
and gynecology and improvement in reporting of ultrasound-
derived reference ranges [30, 31]. The purpose of the present
study was twofold: first, to conduct a systematic review and
meta-analysis of published nomograms for fetal vermis biometry,
and second, based on the findings of the meta-analysis, to offer
suggestions for improving the reporting of studies meant to es-
tablish normal parameters in prenatal imaging.

Methods

Study Design

This was a systematic review and meta-analysis conducted ac-
cording to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines [32]. The study was
exempt from review by the Institutional Review Board and was re-
gistered with PROSPERO.

Sources and Search

A medical librarian (LHY) searched the literature for records
including the concepts fetus, ultrasound, measurement, vermis,
corpus callosum, and cavum septum pellucidum. Articles pertain-
ing to the corpus callosum and cavum septum pellucidum were
gathered for a separate study, and only articles pertaining to the
vermis were included in this systematic review and meta-analysis.
The librarian created search strategies using a combination of key-
words and controlled vocabulary in Ovid Medline 1946-, Embase.
com 1947-, Scopus 1823-, Cochrane Central Register of
Controlled Trials (CENTRAL), Cochrane Database of Systematic
Reviews, and Clinicaltrials.gov 1997-. The search was initially com-

pleted on December 4, 2019 and was updated by re-running the
original searches from database conception to June 15, 2020.
Fully reproducible search strategies for each database can be
found in the Appendix.

Inclusion Criteria

For the initial search, all published articles in any language that
provided values for any of four vermian dimensions (craniocaudal
diameter [CCD], anteroposterior diameter [APD], surface area
[SA], or perimeter/circumference [P]) obtained by prenatal ultra-
sound in normal low-risk fetuses were considered eligible for fur-
ther review. Ultrasound techniques including 3D, 2D, transvagi-
nal, and transabdominal imaging were included. Articles that
dealt only with magnetic resonance imaging (MRI) were excluded
although those that included both ultrasound and MRI-based
imaging were considered. All such articles were included for qua-
litative review. For quantitative synthesis, only articles that inclu-
ded numerical data (means and standard deviations or medians
and quartiles) stratified by gestational age in weekly increments
were included. Additionally, after comparison of measurement
techniques, we selected the articles that used the most common
measurement techniques in 2D for quantitative synthesis, in order
to include as much of the published data as possible.

Review Outcomes

The outcomes that were considered included CCD, APD, SA, and P
as well as the rate of non-visualization or inability to measure the
vermian anatomy.

Study Selection and Data Extraction

All retrieved titles and abstracts were reviewed by two investiga-
tors (JIR and SP) for potential inclusion. Any disagreements were
resolved by consensus. Then articles selected for full-text review
were also reviewed by the two investigators against the inclusion
and exclusion criteria. Data from included articles were extracted
into a database. We also abstracted information about measure-
ment techniques and reporting methods for qualitative synthesis
and quality assessment.

Quality Assessment

The quality of each study was assessed by two investigators
(JIR and SP). Because studies meant to establish a normal range
are different from studies that evaluate an intervention or diag-
nostic accuracy, we created a specific quality assessment tool to
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» Fig. 1 PRISMA flowchart.

evaluate the articles, as has been done elsewhere [31, 33, 34]. Do-
mains included how a “normal” population of mothers and fetu-
ses was defined, quality of measurements, and how the results
were reported.

Data Analysis

Data published as median, first, and third quartiles were trans-
formed into estimated mean and standard deviation using stand-
ard methodology [35]. Meta-analysis was performed in Stata 14
(StataCorp, College Station, TX, USA). DerSimonian-Laird random
effects models were used to estimate pooled means and 95 %
confidence intervals for the different dimensions of vermis bio-
metry by gestational week [36]. Heterogeneity was assessed
using the 12 and Cochran’s Q [37]. Random effects models were
used regardless of the absence of statistical heterogeneity
because this approach yields a more conservative estimate and
because heterogeneity tests may have low power [38]. Only 2D
imaging techniques were considered for the meta-analysis. Re-
sults are presented in tabular form as well as forest plots. We
also present nomograms from the meta-analysis.

Results

Eligibility Criteria and Study Selection

A total of 964 results were found and 299 duplicate records were
deleted after using the de-duplication processes described in “De-
duplication of database search results for systematic reviews in
EndNote” resulting in a total of 665 unique citations being inclu-
ded in the project library [39]. Of these, 177 referenced the ver-
mis and were further reviewed (> Fig. 1). The updated search re-
vealed 24 articles, none of which met the inclusion criteria. Thirty
articles were selected for full-text review. Bibliographies of selec-
ted papers were reviewed to search for other relevant papers, and
none were found. Of the 30 papers, nine were excluded from fur-
ther review. The reasons for exclusion were: they dealt only with
MRI (n=5), were only about postnatal measurements (n=1), did
not measure the vermis (n=1), were based on pathology (n=1),
or provided measurements independent of gestational age
(n=1). The remaining 21 articles were reviewed qualitatively
(» Table 1) and of these, 3 were included for quantitative review
[3, 4, 22]. The reasons for exclusion from quantitative review in-
cluded articles that provided only graphs without numerical ta-
bles (n=6), articles that provided data in 2-week increments
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» Fig. 2 Depiction of recommended vermis measurement technique. a demonstrates a sample midsagittal view at 24 weeks. b shows the
suggested method of measurement of the vermian diameters. Note the use of an imaginary line in continuation to the maxilla (dashed line).
CC - cranio-caudal, AP - antero-posterior.

(n=6), articles that used non-standard imaging planes or meas-
urement techniques (n=5), and an article that included fetuses
at high risk for neurological abnormalities (n=1).

Characteristics of Studies Included For Quantitative
Synthesis

The 3 included articles comprised a total of 10 910 measurements
from gestational ages 17-35 weeks, with one article contributing
97 % of the data [3]. 2 of the articles used only 2D ultrasound [3,
4] and the remaining 1 used both 3D and 2D [22]. All 3 articles re-
ported on the CCD, while 2 articles reported on the APD [4, 22].
None of the included articles reported on the P, and 1 reported on
the SA [4]. In all cases the measurements were obtained from a
midsagittal view. There were minimal variations in the way the dif-
ferent articles defined the CCD and the APD. For the CCD one ar-
ticle used the spine [22] as an axis which was parallel to the axis of
measurement, and two studies used the definition of the maximal
distance between the most cranial portion of the culmen to the
most caudal portion of the uvula [3, 4]. For the APD one study
used a definition of the distance from the central lobule anteriorly
to the tuber posteriorly [4], and one study used a definition of the
maximum distance between the most anterior portion and the
most posterior portion of the cerebellar vermis [22].

In » Fig. 2 we present the suggested way to measure the ver-
mis CCD and APD based on the included articles. Specifically, the
perfect midsagittal image should include the following structures:
corpus callosum, cavum septum pellucidum, fourth ventricle,
midbrain, and cisterna magna. If possible, the maxilla should also
be visualized as it denotes the perfect anteroposterior line. As
such, the vertical axis lies perpendicular to this line. The vermis is
visualized as a hyperechoic structure anterior to the cisterna mag-
na and posterior to the fourth ventricle. The CCD is defined as the
maximal diameter between the highest and lowest points, refer-
red to as the culmen cranially and uvula caudally. The APD should

be measured between the most anterior point (referred to as the
central lobule) and the most posterior point (referred to as the tu-
ber). It is important to note that the anteroposterior diameter is
not perpendicular to the CCD. Although the definitions differed
slightly we still considered the definitions close enough to be
meta-analyzed together. Rates of vermis non-visualization varied
in the included studies from 0% to 35.4 %.

The quality assessment (> Table 2) demonstrated that there
was generally poor reporting regarding maternal characteristics.
For instance, although the studies purported to only include low-
risk, healthy women, the specific criteria used to make this deter-
mination were vague or not specified. In fact, we were unable to
assess many of the quality criteria due to insufficient descriptions
of the underlying populations that were studied. Similarly, no
studies included postnatal verification of a normal, liveborn, neo-
nate [8]. Information about diagnostic genetic testing was also
vague or missing. Except in the article by Cignini et al., the mean
number of fetuses per week of gestational age was 10.5, with the
lowest number being only 5 [4]. No articles mentioned blinding of
the sonologist to the gestational age of the fetus.

Normal Vermis Measurements

» Table 3-5 depict the results of the meta-analysis for CCD, APD,
and SA, respectively, by gestational week. In general, there was a
significant degree of statistical heterogeneity and, with the ex-
ception of the study by Cignini, a small number of fetuses inclu-
ded at each gestational age [3]. The vermis was noted to increase
in all measured dimensions across gestation. The CCD (reported
in 3 articles) increased from a mean of 7.90 mm (95 % confidence
interval [Cl] 7.42, 8.38) at 17 weeks to 21.90 mm (95 % Cl 20.63,
23.16) at 35 weeks gestation. The APD (reported in 2 articles) in-
creased from 6.30mm (95% Cl 5.42, 7.18) at 17 weeks to 15.85
(95%Cl 15.49, 16.21) at 32 weeks. The SA (reported in 1 article)
increased from 43.00 mm? (95 %Cl 38.20, 47.00) at 17 weeks to
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» Table 2 Quality assessment of articles included for quantitative synthesis.

definition of
normal popula-
tion — mother

definition of nor-
mal pregnancy

definition of
normal popula-
tion - fetus

quality of
measurement

statistics

definition of fetus
population

history

biochemical
screening

anatomic screening

genetic testing

clinical validation

criteria

no hypertension
no diabetes

no history of stillbirth or recurrent
pregnancy loss

no major co-morbidities
normal weight
no mullerian abnormalities

no smoking/alcohol/drugs

teratogen exposure

over 18 years

mode of conception
no bleeding

male vs. female
singleton vs. twin

ethnic background

excluded family history of
anomalous siblings/family
members

first-trimester screening
second-trimester screening

combined first- and second-
trimester screening

normal anatomic survey noted

growth

abnormal genetics excluded
postnatal follow-up
livebirth

normal birthweight

accuracy of determination of
gestational age

examiner blinded to gestational
age
clear definition of the technique

inter- and intra-class correlation
discussed

unique patient population (i. e.,
never published before/after in
another publication)

number of patients per gesta-
tional week noted

results in 1-week interval

IUGR: intrauterine growth restriction, CRL: crown-rump length. +- met criteria.

author
Cignini

o

o

not noted

not noted
not noted
not noted

smokers
included

radiation expo-
sure excluded

not noted
not noted
not noted
both

no twins

99.4%
caucasian

i

not noted
not noted

not noted

not noted

not noted

+
not done
not noted
not noted

first-trimester
CRL

no

no
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Gezer

not noted
not noted

not noted

o
not noted
not noted

not noted

not noted

not noted
not noted
not noted
both

no twins

not noted

not noted

not noted
not noted

not noted

not noted

iugr excluded

+
not done
not noted
not noted

first-trimester
CRL

no

+
one examiner
only

4

Zhao

not noted
not noted

not noted

not noted
not noted
not noted

not noted

not noted

not noted
not noted
not noted
both

no twins

not noted

not noted

not noted
not noted

not noted

not noted

IUGR
excluded

i
not done
not noted

not noted

12-week ul-

trasound

no
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» Table5 Vermis surface area across gestation (mm?2) from random effects meta-analysis.

author

Gezer
gestational age (weeks) n mean
17 6 43.00
18 9 48.00
19 7 77.00
20 10 85.00
21 11 94.00
22 9 119.00
23 8 140.00
24 7 153.00
25 8 159.00
26 15 185.00
27 8 193.00
28 7 199.00
29 7 220.00
30 5 276.00

SD: standard deviation, Cl: confidence interval.

276.00 mm? (95 %Cl 244.45, 307.55) at 30 weeks. Forest plots for
all measurements by gestational week are found in the Appendix.
» Fig. 3 graphically depicts the mean and 95 %Cl of the measure-
ments for the results of the meta-analysis for the CCD (> Fig. 3a),
APD (» Fig. 3b), and SA (> Fig.3c).

Discussion

In this systematic review and meta-analysis of prenatal vermis bio-
metry, we found that although there were 21 articles that report-
ed normal vermis biometric measurements, the majority of them
reported data in ways that made it infeasible to perform meta-
analysis. In particular, data were often provided in 2-week inter-
vals (but the intervals were often different across studies, pre-
cluding synthesis) or were provided only in graphical references.
Additionally, most of the included studies had only a small num-
ber of fetuses per week of gestational age.

Attention has been drawn to the need to accurately classify
posterior fossa anomalies [40]. Agenesis of the vermis is different
than vermian hypoplasia, which is different from problems relat-
ing to rotation of an otherwise normal vermis, such as in Blake’s
pouch cyst [41]. Indeed a now classic study reported on a large
discrepancy between prenatally diagnosed Dandy-Walker syn-
drome and autopsy findings, highlighting the need for accurate
assessment of the posterior fossa prenatally [42]. One potential
tool for improving the diagnostic accuracy of posterior fossa mal-
formations is accurate measurement of the vermis. Therefore, it is
essential to utilize accurate reference ranges when there is a ques-

SD lower bound 95% CI upper bound 95 %Cl
6.00 38.20 47.80
10.00 41.47 55.43
15.00 65.89 88.11
12.00 77.56 92.44
11.00 87.50 100.50
23.00 104.97 134.03
24.00 123.37 156.63
20.00 138.18 167.82
12.00 150.68 167.32
21.00 174.37 195.63
14.00 183.30 202.70
16.00 187.15 210.85
25.00 201.48 238.52
36.00 244.45 307.55

tion as to possible vermian hypoplasia. The results of our study
may therefore be useful to clinicians and could be incorporated
into ultrasound reporting packages.

However, our results highlight a need for better reporting of
studies of normal reference ranges in prenatal ultrasound. In
particular, it is essential that studies be adequately powered to
provide meaningful reference ranges [43, 44]. In our experience,
the sample size that was used to generate reference curves is rare-
ly taken into consideration during their clinical use. Furthermore,
as recently highlighted in a systematic review of Doppler param-
eters during pregnancy, studies meant to establish reference
ranges should report results in a numerical (not only graphical)
fashion, should utilize more than one sonographer per examina-
tion to ensure inter-observer validity, and should be blinded to
gestational age when the examination is performed [31]. Finally,
non-visualization rates ranged from 0-35.4% in the included
studies. Missing data on the cases in which the vermis was not vis-
ualized may have biased results. For instance, vermis non-visuali-
zation could theoretically be related to an abnormal vermian
shape or size. The wide range of vermis non-visualization also calls
into question the sonographic techniques that were used and in-
clusion criteria for the studies.

We also presented a potential tool for quality assessment of
studies meant to establish normal prenatal biometry. Domains
such as a full description of the maternal population, full assess-
ment and description of how fetal “normality” was established
(e. g. genetic testing), inclusion of an adequate number of patients,
a full description of the measurement technique, and postnatal fol-
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» Fig.3 a Mean and 95 % confidence intervals for the vermis cranio-caudal diameter from the meta-analysis. b Mean and 95 % confidence intervals

for the vermis antero-posterior diameter from the meta-analysis.

low-up are essential to nsure that generated reference ranges are
generalizable. The included studies were heterogeneous in ethnic
origin: one from China, one from lItaly, and one from Turkey. The
other studies included for qualitative review represent a broader
population. The question of whether vermian measurements differ
by ethnic origin deserves further study. Certainly, the use of custo-
mized ethnic-based growth percentiles in general fetal biometry is
advocated by some, but whether this recommendation should
extend to specific sub-organs is not known [45-47].

Rosenbloom |l et al. Reference Ranges for... Ultraschall in Med 2023; 44: e25-e38 | © 2021. Thieme. All rights reserved.

Our study has a number of strengths. We performed a sys-
tematic review and meta-analysis in accordance with published
guidelines and registered the protocol [32]. We used a compre-
hensive search strategy that was implemented by a trained re-
search librarian. Finally, we conducted a comprehensive quality
assessment of each article and performed both qualitative and
quantitative synthesis. However, there are also some limitations
to consider. First, although we had planned to use the Newcastle
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» Fig.3c Mean and 95 % confidence intervals for the vermis surface area diameter from the meta-analysis.

Ottawa bias assessment and registered the protocol as such, we
found that this tool was not well-suited to evaluation of the inclu-
ded studies. Second, we were unable to include the majority of
studies in the quantitative review due to the methodological is-
sues outlined above. Certainly, by excluding many studies with re-
sults that were not suitable for meta-analysis, our results may also
be subject to selection bias. This fact further reinforces the impor-
tance of reporting biometric studies with reproducible techniques
and reporting in numerical and not only graphical fashion. Finally,
the majority of the data used to generate the reference ranges for
the CCD (but not for the APD or the SA) come from one large
study, although at extremes of gestational age the study by Cigni-
ni had relatively few participants [3].

In conclusion, we have provided reference ranges for vermis
biometry across gestation based on meta-analysis of existing re-
ferences. Furthermore, by conducting a systematic review, we
have provided a list of available reference ranges. However, be-
cause many of the underlying studies suffered from significant
methodological issues, our ranges should be used with caution.
Large, prospective, well-designed studies should be conducted
when attempting to determine normal reference ranges for pre-
natal ultrasound parameters.
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