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ABSTRACT

Objective In the context of the planned International
Society of Ultrasound in Obstetrics and Gynecol-
ogy-World Health Organization multicenter study for
the development of fetal growth standards for interna-
tional application, we conducted a systematic review and
meta-analysis to evaluate the safety of human exposure
to ultrasonography in pregnancy.

Methods A systematic search of electronic databases, ref-
erence lists and unpublished literature was conducted for
trials and observational studies that assessed short- and
long-term effects of exposure to ultrasonography, involv-
ing women and their fetuses exposed to ultrasonography,
using B-mode or Doppler sonography during any period
of pregnancy, for any number of times. The outcome
measures were: (1) adverse maternal outcome; (2) adverse
perinatal outcome; (3) abnormal childbhood growth and
neurological development; (4) non-right handedness;
(5) childbood malignancy; and (6) intellectual perfor-
mance and mental disease.

Results The electronic search identified 6716 citations,
and 19 were identified from secondary sources. A total
of 61 publications reporting data from 41 different
studies were included: 16 controlled trials, 13 cobort and
12 case—control studies. Ultrasonography in pregnancy
was not associated with adverse maternal or perinatal
outcome, impaired physical or neurological development,
increased risk for malignancy in childhood, subnormal
intellectual performance or mental diseases. According
to the available clinical trials, there was a weak
association between exposure to ultrasonography and

non-right handedness in boys (odds ratio 1.26; 95% CI,
1.03-1.54).

Conclusion According to the available evidence, expo-
sure to diagnostic ultrasonography during pregnancy
appears to be safe. Copyright © World Health Orga-
nization (2009).

INTRODUCTION

In the last four decades, ultrasound has become a valu-
able and increasingly popular tool in obstetrics. Since
ultrasound is a form of energy, it has the potential to
produce biological effects that can constitute a risk for
health. Animal studies suggest that ultrasound may pro-
duce adverse effects in the neurological, immunological,
hematological, developmental and genetic status of the
exposed fetus'. Thus there is a basis for concern about the
safety of humans exposed to diagnostic ultrasound during
fetal life. Because no clinically evident immediate adverse
effects have been reported in humans, most health pro-
fessionals and patients consider diagnostic ultrasound in
pregnancy to be a safe procedure?3. However, as with any
diagnostic test, there may be some risk. There have been
few studies specifically designed to evaluate the safety
of ultrasound in human pregnancies, many suffer from
methodological shortcomings and few have analyzed pos-
sible long-term effects of in-utero exposure. To the best
of our knowledge, up to the present there have been no
large randomized controlled trials done for the specific
purpose of investigating potential bio-effects of prenatal
ultrasound in humans*?, and it is highly improbable that
such studies will ever be performed in developed countries
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owing to the almost universal use of ultrasound in modern
obstetrics.

The World Health Organization (WHO) is planning
to conduct a multicenter study for the development of
international fetal growth standards by serial ultrasono-
graphic examinations®. In this context, it is important
to thoroughly review the data on safety of diagnostic
ultrasonography obtained from the existing randomized
trials and observational studies. In order to map current
knowledge, we conducted a systematic review of the exist-
ing literature about adverse effects of ultrasound on the
health of pregnant women and their fetuses.

METHODS

For randomized trials, this systematic review followed
the principles of the Cochrane handbook” and for obser-
vational studies we followed the recommendations for
reporting proposed by the Meta-analysis Of Observa-
tional Studies in Epidemiology (MOOSE) group®. We
also took into consideration the framework proposed for
systematic reviews of adverse effects’.

Criteria for considering studies for this review
Types of study

This systematic review included controlled clinical trials,
cohort and case—control studies that assessed any type of
short- and long-term effects of at least one exposure to
ultrasound during pregnancy.

Types of participant

Low-risk or unselected women of any race, ethnicity,
age or parity submitted to ultrasound during pregnancy
were included. Since we wanted to evaluate the safety of
ultrasound on pregnant women who could be considered
representative of the general population, and to avoid
confounding due to the effects of intrinsic pathological
conditions, we excluded studies restricted to high-risk
pregnant women.

Types of exposure

Exposure to static or B-mode ultrasound alone or
associated with continuous or pulsed-wave Doppler or
Doppler alone. Exposures occurring during any period of
pregnancy (first, second and third trimester), for any
number of times, using any type of equipment and
transducers of any frequency were included. Exposure
to continuous Doppler for fetal heart monitoring was
not considered diagnostic ultrasound, therefore studies
reporting exclusively on this kind of exposure were
excluded from this systematic review.

Outcomes assessed

Outcomes assessed are listed in Table 1.
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Inclusion criteria

A study was included if the following criteria
were met: (1) participants were from an unselected
or low-risk population; (2)the study presented a
control or comparison group that had not been
exposed to ultrasound or had been exposed to
fewer ultrasound scans than the study group; and
(3) the study offered data for calculation of rela-
tive risk or odds ratio (OR) or weighted mean differences.

Search strategy for identification of studies

Two electronic databases (MEDLINE and Cochrane
Central Register of Controlled Trials (CENTRAL)) were
searched for articles published between January 1950 and
October 29 2007. The search strategy, developed with the
assistance of an expert in search strategies for systematic
reviews at the WHO, is detailed in Appendix S1 (online).
There were no language or country restrictions. Classic
review articles, textbooks and published letters were also
examined for potentially eligible studies. The reference
lists of primary studies and relevant reviews were screened
and experts in the area were contacted.

Screening and data extraction

All citations identified by electronic databases were
downloaded into Reference Manager® software version
10 (The Thomson Corp., New York, NY, USA). The
citations were organized, duplicates deleted and each

Table 1 Outcomes analyzed

Category

Maternal outcome
Admission during pregnancy or intrapartum and postpartum
complications
Perinatal outcome
Low birth weight (<2500 g) and very low birth weight (< 1500 g)
Mean birth weight, head circumference and infant length
Small for gestational age
Preterm birth
Low Apgar score at 1 and 5§ minutes
Need for neonatal resuscitation or intubation
Seizures
Congenital malformations
Admission to neonatal ward or intensive care unit
Fetal, neonatal and perinatal mortality
Childhood growth, neurological development and school performance
Height, weight, head circumference
Dyslexia
Speech development
Behavioral scores
School performance (reading, spelling, arithmetic)
Hearing and visual impairment
Cognitive function
Attention deficit
Motor skills
Non-right handedness (left handedness, ambidexterity)
Childhood malignancies
Intellectual performance and mental diseases after childhood
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citation was assigned a unique identification number.
In a first step, two investigators (M.R.T. and N.V.)
independently screened the results of the electronic
searches to select potentially relevant citations based on
title and abstracts. When the citation was relevant or
when title/abstract were not sufficient to make a decision
on inclusion/exclusion, the full texts were retrieved and
evaluated.

All articles selected at first screening were read and
abstracted by two reviewers (M.R.T. and A.P.B.) using
a structured data-extraction form (Appendix S2 online)
specifically created for this systematic review on the basis
of a form developed for the WHO systematic review on
maternal mortality and morbidity'?. Differences between
the two reviewers were resolved by consensus.

Information extracted from each article included:
(1) general characteristics of the study such as design,
population, setting and source of data; (2) method of
recruitment, inclusion/exclusion criteria, number of par-
ticipants, and number lost to follow-up or completeness
of the records; (3) information on ultrasound exposure
such as type of equipment, frequency of transducer,
duration of examination and acoustic intensity output;
(4) information on outcome (type of event, definition,
method and timing of assessment); and (5) data to calcu-
late unadjusted estimates of the risk or OR. If a single arti-
cle reported on more than one outcome, each outcome was
addressed separately. The data from the controlled trials
were extracted on an intention-to-treat basis. When data
in the original publication were not sufficiently detailed,
the authors were contacted for additional information.

Methodological quality of included studies

Randomized clinical trials were judged on the method of
allocation concealment'!. Briefly, trials were graded as A
when concealment of allocation was considered adequate,
B when unclear and C when inadequate. The quality
of observational studies was assessed using a checklist
(Appendix S3 online) based on the criteria proposed
by the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) group'?. Briefly,
observational studies were graded according to the
following: type of study (prospective vs. retrospective),
number lost to follow-up, sample size, participant
selection, comparability of groups, and details of exposure
(to ultrasound) and of outcomes, including source of
information. The maximum grade on this scale was 16.
One reviewer (M.R.T.) assessed quality, cross-checking
with a second reviewer (A.P.B.) when necessary.

Statistical analysis

In each study, for binary outcomes we calculated the
unadjusted OR and 95% confidence interval (CI) for the
specific adverse event evaluated. For continuous variables,
we calculated the weighted mean difference and 95% CI
for the outcome evaluated. The studies were combined by
meta-analysis using the fixed-effects model. The RevMan
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4.2 software (Copenhagen: the Nordic Cochrane Centre,
the Cochrane Collaboration, 2003) was used. Pooled
OR were obtained for each adverse event, stratifying by
study design (randomized controlled trial, cohorts and
case—controls).

Heterogeneity of pooled OR was assessed graphically
using forest plots and statistically using the Q-test and
the I test. If the Q-test'> was significant —i.e. the
between-studies variability was higher than expected by
chance — a random-effects model'* was used. If the I*
value — the proportion of total variation that is due to
heterogeneity rather than chance — was greater than 50%
it was considered an indication of moderate or high
heterogeneity between studies!>1°.

For the controlled trials, subgroup analysis for the
following conditions were decided a priori: (1) type of
ultrasound (B mode alone vs. B-mode with Doppler or
Doppler only); (2) number of exposures during pregnancy
(one, two, or three or more); and (3) gestational age at
first exposure (first, second and third trimester).

RESULTS

The electronic database search identified 5091 citations
from MEDLINE and 1625 from Cochrane CENTRAL
(Figure 1). In the first screening (abstracts/titles), 6650
citations were excluded and 66 underwent full-text
evaluation. Forty-two articles were included from the
electronic databases (36 from MEDLINE and six from
Cochrane) and another 19 were included from the
reference lists of other publications, resulting in a total of
61 included references.

The 61 publications included in this systematic review
reported on 41 different studies that consisted of 16
controlled trials, 13 cohorts and 12 case—controls. The
main characteristics of the 61 publications are presented

Total number of
citations identified

Total number of
citations identified
in MEDLINE in Cochrane
n=>5091 CENTRAL n=1625
[ |

A
Titles/abstract

screening
n=6716
| Excluded
| 7 =6650
A
Full-text
evaluation
n==66
Secondary > Ezciuzd:d
references >
n=19 k
Included
n=61

Figure 1 Flow diagram of the process of identifying and including
references for this systematic review.
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in Table S1 (online). Most of the 41 studies included
were of regular or good methodological quality. Over
half (9/16) of the controlled trials did not report in detail
approaches to allocation concealment and were therefore
graded as B. The quality grades of the observational
studies ranged from 7 to 13, with 88% of them (22/25)
scoring 8 or more points out of a maximum of 16
(Table S1 online).

Details of exposure were lacking in the majority
of the studies. Details of the type of equipment used
were provided in 43.9% (18/41), the frequency of
transducers in 26.8% (11/41), duration of exposure in
14.6% (6/41) and the acoustic intensity in only 12.2%
(5/41).

Tables S2—S7 (online) and the corresponding meta-
analysis graphs (Appendix S4 online) present the main
findings of the studies for each outcome category listed
in Table 1. The I value was < 50% in 66.7% (18/27) of
the pooled OR derived from the randomized trials and in
83.3% (10/12) of the observational studies.

Adverse maternal outcome

Meta-analysis of the nine existing randomized trials
involving over 25000 women indicates that ultrasound
during pregnancy does not increase the risks of maternal
admission to hospital during pregnancy (Table S2 online).
Only one retrospective cohort!”, involving 806 women,
investigated other complications of labor and delivery and
postpartum complications. Although the authors of this
study did not provide details on what complications were
being evaluated, they did not find any significant increase
of risk in exposed women (Table S2 online).

Adverse perinatal outcome
Birth weight, length and bead circumference

According to the pooled OR of the ten existing
randomized trials involving over 20 000 participants, in-
utero exposure to ultrasound does not seem to increase
significantly the rate of low-birth-weight infants (pooled
OR 1.06; 95% CI, 0.84-1.35). Similarly, the controlled
trials indicate that exposure to ultrasound does not
increase the risk of delivering infants weighing <1500 g
(OR 1.26; 95% CI, 0.26-6.00) and the same was
observed for the cohort studies (OR 1.24; 95% (I,
0.78-1.98) (Table S3 online).

The pooled OR derived from six cohort studies
involving 18 622 individuals indicates no increase in
the risk for low birth weight in those exposed to
ultrasound (OR 1.11; 95% CI, 0.84-1.46). There was
high heterogeneity among these cohorts (I = 72.8%),
but only one study reported an increased risk for low
birth weight'®. The authors of this publication concluded
that the indications for ultrasound examination played a
significant role in the reduction of birth weight.

Grisso et al.!?, in a large case—control study involving
12 546 patients, reported an increased crude overall
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risk of having a low-birth-weight child in the exposed
group (OR 1.38; 95% CI, 1.25-1.51). However, analysis
according to the timing of exposure revealed that the
excess risk appeared to be restricted to the group of
women submitted to ultrasound in the last weeks of
pregnancy and that it disappeared when only full-term,
uncomplicated pregnancies were examined. The authors
therefore concluded that any apparent excess risk for
low birth weight in their study was probably a result
of the underlying pregnancy complication for which an
ultrasound scan was performed.

According to nine controlled trials involving over
35000 participants and four cohorts with another 2000
cases, exposure to ultrasound during pregnancy did not
influence significantly the mean birth weight. Similarly,
the mean length and head circumference at birth did
not differ significantly between exposed and unexposed
infants (Table S3 online).

Other perinatal outcomes

According to the pooled crude ORs, exposure to
ultrasound did not increase the risk of delivering small-for-
gestational-age infants, preterm birth, low Apgar scores,
need for neonatal resuscitation, seizures, admission to
intensive care or neonatal, fetal or perinatal mortality
(Table S3 online).

A case-control study?’ reported an increase in the
risk of cardiac defects in fetuses exposed to ultrasound.
However, logistic regression analysis showed that the
threat of miscarriage during early pregnancy was in fact
the confounding factor explaining the association between
ultrasound and the risk of congenital heart disease.
While a large controlled trial?! did not find a significant
association between ultrasound and any specific type of
congenital malformation, the pooled OR derived from
two cohort studies’>?3 indicated a possible increase in
fetal malformations (OR 1.80; 95% CI, 1.16-2.78)
(Table S3 online). However, in the largest of these cohorts,
the rate of fetal malformations in the group exposed to
four or more ultrasound scans was only 0.9% (38/4297),
while it was 0.5% (38/7846) in those exposed to fewer

SCQ.I’ISZZ.

Growth and neurological development during infancy

Table S4 (online) presents the results regarding child
growth and neurological development. In a follow-up
study of an Australian controlled trial, MacDonald
et al** reported that mean weight and height at 1 year
of age were similar in the intensive (five scans with
Doppler) and regular (one scan with Doppler) groups.
These investigators had previously reported an increased
proportion of birth weights in the lower percentiles
in babies exposed to multiple prenatal ultrasound ex-
aminations2>-26. Therefore, the authors concluded that
if there is an effect of multiple ultrasound scans
on birth weight, there is ‘catch-up’ in the infants’
growth and the difference is no longer discernible at
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1 year of age. Subsequent examinations of the same
children done at 2, 3, 5 and 8 years of age indicated
no significant differences in height, weight or head
circumference measures in boys and girls exposed to
multiple ultrasound examinations at between 18 and
38 weeks’ gestation?’. Similarly, the follow-up study of
two Norwegian controlled trials on ultrasonic screening
during pregnancy (at 19 and 32 weeks) concluded that
there were no statistically significant differences in the
body weight or height of screened and unscreened children
at 3, 6 and 12 months or at 2, 4 and 7 years of age’.
These findings also agree with those of Lyons et al.??,
who reported no significant differences in the height and
weight of 149 pairs of children (exposed and unexposed
to prenatal ultrasound) followed prospectively from birth
to 6 years of age. Since none of these four previous
studies provided values as mean and SD, we could not
perform a pooled weighted mean difference for these
measures.

Dyslexia

There are only two studies that evaluated this outcome. In
a follow-up of a Norwegian controlled trial, the authors
submitted 603 children aged 8-9 years to a specific test
and did not find significant differences in the scores of
the exposed and unexposed children3®. On the other
hand, on a retrospective cohort carried out in Colorado,
USA', there was a higher proportion of exposed children
with dyslexia. But as the authors point out, this finding
may be explained by the higher number of pregnancy
complications in the exposed group, an important source
of bias.

Speech development

Although the combined results of two large Scandina-
vian controlled trials*'-3? did not indicate significant
differences in speech development, one small Canadian
case-control study?®3, involving 214 children (72 cases
and 142 controls), suggested that exposure to ultrasound
in fetal life increased the risk for delayed speech in chil-
dren. In this study, Campbell et al.33 went on to explore
the relationship between the trimester and number of
ultrasound exposures and delayed speech, but further
analysis revealed no relation to trimester of exposure
or dose-response effect (1 vs. 2+ ultrasound scans in
pregnancy).

Contrary to these findings, a follow-up of a controlled
trial involving 2967 Australian children®” reported that
repeated exposure to ultrasound (five scans with Doppler)
significantly reduced the proportion of infants with
abnormal scores on a language scale at 1 year of age,
thus suggesting that intensive exposure to ultrasound in
pregnancy was in fact associated with earlier acquisition
of language. But the authors point out that this finding
may have resulted from chance, due to the many end-
points tested in this study. In fact, other tests related
to speech and language development did not reveal
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any significant differences between these exposed and
unexposed children. Similarly, the Norwegian controlled
trial follow-up study’? also reported that exposed
children had significantly fewer referrals to speech
therapists than unexposed children (OR 0.50; 95% CI,
0.30-0.84). But, once again the authors emphasize that
the statistically significant negative association between
ultrasound and referral to speech therapy may be due
to chance, since this was not a prior hypothesis in their
study.

Behavioral scores

Two follow-up studies of controlled trials?”-3! assessed

behavioral problems in children but could not be analyzed
as OR because of the way in which the data were
provided. Kieler et al. analyzed behavioral problems in
3265 children (aged 8-9 years) and reported that the
mean final score on 10 items rated by the parents did
not differ significantly between exposed and unexposed
children3!. In the follow-up of another controlled trial,
Newnham et al.?” assessed behavioral problems in 2967
toddlers (1 year of age) using a questionnaire with 97
items. There were no differences on the percentage
of scores outside the normal range among children
submitted to regular or intensive ultrasound during
pregnancy. Using a behavioral checklist, these authors
re-evaluated the same children at 2, 5 and 8 years of age
and reported that there were no statistically significant
differences in the scores of the exposed and unexposed

children.

School performance

According to one clinical trial involving almost 2000
children, there were no significant differences in overall
school performance or specific reading and arithmetic
scores between children exposed or unexposed to
ultrasound during fetal life3® (Table S4 online).

Hearing and visual impairment and other neurological
functions

The overall risk of having hearing, visual, neurological
or developmental impairments during childhood was
not increased in fetuses exposed to ultrasound during
pregnancy.

Non-right handedness

There was no statistically significant association between
intrauterine exposure to ultrasound and the risk of being
non-right handed when male and female children were
analyzed together (OR 1.13; 95% CI, 0.97-1.32) (Table
S5 online). When boys were considered separately, there
was a weak association between ultrasound screening and
being non-right handed, both in the randomized trials
(OR 1.265 95% CI, 1.03-1.54) and in the cohort studies
(OR 1.17; 95% CI, 1.07-1.28).
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Childhood malignancy

According to the eight existing case—control studies>*~#!

the OR for childhood malignancies was not increased in
fetuses exposed to ultrasound (Table S6 online). Six of
these studies had information on the number of ultrasound
exposures and the occurrence of various malignancies
in childhood® =341, None demonstrated a significant
association between exposure to any number of prenatal
ultrasound scans and the specific neoplasm analyzed.

Adult intellectual performance and mental disease

Kieler et al.** found lower intellectual performance scores
and an increased risk of subnormal performance in
6026 young men born in Malmé and exposed to
ultrasound in fetal life when compared with 161033
unexposed men born in the rest of Sweden (OR
1.19; 95% CI, 1.12-1.27) (Table S7 online). However,
the differences were small and men born in Malmo
before the introduction of ultrasound scanning also
had lower scores*?. Another large Swedish cohort
study — involving over 370000 participants — recently
reported no significant association between ultrasound
exposure in fetal life and schizophrenia or other psychoses
after 12 years of age*3.

Subgroup analysis of the controlled trials
Type of ultrasound exposure

Two different randomized trials (totaling five publi-
cations>*=2744) involved the use of B mode with Doppler,
and three other trials**=%” reported on fetuses exposed
exclusively to continuous or pulsed Doppler ultrasound.
According to the available data, the mean length of
infants exposed to Doppler was 0.26 cm shorter (95%
CI, —0.45 to —0.07 cm) than the mean length of those
exposed to ultrasound without Doppler. Besides the very
small magnitude of this difference, this conclusion was
based on only one available study?’. There were no other
significant associations between type of exposure and
outcomes (Table S8 online).

Dose—response relationship

Out of the 16 controlled trial studies, seven presented
outcomes on one vs. no exposure to prenatal ultrasound,
five presented outcomes comparing two with no or one
ultrasound scans and four had outcomes on three or more
vs. one ultrasound exposure(s) during pregnancy. There
was a statistically significant association between a higher
number of ultrasound exposures (3+ vs. 1) and low birth
weight (OR 1.27; 95% CI, 1.02-1.58). Mean length and
head circumference of those exposed to three or more
scans during pregnancy were also slightly but significantly
lower than those exposed to only one scan (weighed mean
difference —0.26 cm; 95% CI, —0.45 to —0.07 cm and
—0.15 cm; 95% CI, —0.29 to —0.01 cm, respectively). On
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the other hand, perinatal mortality was reduced in fetuses
exposed to one vs. no ultrasound scans (OR 0.56; 95%
CI, 0.40-0.78) (Table S9).

The risk of being non-right handed increased slightly
in children exposed to two vs. 0—1 ultrasound scans
during pregnancy (OR 1.32; 95% CI, 1.02-1.71). For
boys the risk was higher, although the association was
not significant (OR 1.40; 95% CI, 1.00-1.97). However,
in both cases, analyses were based on only one study each
(Table S9 online).

Gestational age at first exposure

There were no controlled trials that used ultrasonography
during the first trimester of pregnancy and only one
study*® that randomized women to first exposure to
ultrasonography in the third trimester. Therefore we could
not perform subgroup analyses for any outcome according
to the trimester of pregnancy at first exposure.

DISCUSSION

According to the findings of this systematic review, ultra-
sonography in pregnancy is apparently not associated
with important adverse maternal, perinatal or childhood
effects. There was a weak association between exposure
to ultrasound and non-right handedness in boys only.
Even though some studies (mostly observational) found
some small but significant association in certain out-
comes (see Tables S2—S9 online), the authors of these
studies themselves presented explanations and/or poten-
tial methodological flaws that would justify the positive
result.

Although there have been several narrative reviews on
the safety of ultrasound, only two previous publications
actually used a systematic approach to assess adverse
effects of ultrasound during pregnancy. Salvesen and
Eik-Nes*’ performed a meta-analysis of the randomized
trials on ultrasound and non right-handedness. These
authors located the same two existing publications on
the topic’®3! and also presented additional, previously
unpublished, information regarding gender-specific effects
of exposure vs. non-exposure to ultrasound from the
Norwegian trial. Their results were identical to ours,
indicating no statistically significant differences in the
prevalence of non-right handedness between the screened
and unscreened children in general, with a significant
difference when boys were analyzed separately. While
the present study only analyzed outcomes according to
randomization (intention-to-treat principle), the authors
of that systematic review also explored the effects of
actual fetal exposure as well as the gestational age at
which exposure occurred. With the use of this careful
and detailed exploratory analysis, they reported an even
stronger association between ultrasound exposure and
non-right handedness in boys exposed to ultrasound
before 19 or 22 weeks (OR 1.34; 95% CI, 1.10-1.65).

In 1999 the same authors published a second systematic
review analyzing the association between ultrasound,
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birth weight, childhood malignancies and neurological
development®>. While that study presented small-for-
gestational-age and low-birth-weight infants in a common
category and did not pool their data, we evaluated these
two outcomes separately and calculated the pooled OR
for each of them. Our search retrieved four more articles
on low birth weight>3=%¢ and one more on childhood
malignancies®4, besides three other studies published since
that date3”-3%41,

Our systematic review provides important information
necessary for the reader to understand the validity and
reliability of the results®!2., We clearly specify how
many reviewers were involved in the screening and data
extraction processes, we evaluate and report on the
quality of the primary studies according to predefined
criteria, and we discuss heterogeneity of their pooled OR.
Most of the studies included in the present systematic
review were of regular or good methodological quality,
therefore supporting the validity of the findings presented.
Another strong point of our systematic review is that it
is the first that has striven to obtain and present details
of exposure such as type of equipment, frequency of
transducers, duration of exposure and acoustic intensity.
We also present meta-analyses of the association between
ultrasound exposure and several other perinatal outcomes
not presented in the previous reviews (preterm birth,
perinatal mortality, low Apgar score, neonatal morbidity)
as well as childhood growth. Therefore, this is the largest
systematic review on the safety of ultrasound to date.

Limitations of this systematic review

A basic limitation of this systematic review is that none
of the included studies stated that assessing possible
adverse bioeffects of ultrasound was one of their specific
objectives. Ideally, adverse effects of an intervention
should be one of the objectives of any study investigating
a new procedure. Unfortunately, since the introduction of
ultrasound in the 1970s, the investigation of its possible
side-effects in humans has been very limited.
Quantification of the intensity of acoustic exposure
and duration of examination was lacking in almost 90%
of the included studies. Even if these measures had
been provided, research into the effects of ultrasound
exposure is complicated by the fact that there is no way
of objectively measuring the dose of energy absorbed®”.
Dose response is a critical issue in the study of any
potential harm-inducing agent. It was not possible to
determine a dose—response gradient for most outcomes
since many studies included participants exposed to
only one or two scans during pregnancy. Additionally,
only 12 of the 41 studies provided explicit data on
the number of scans vs. specific outcomes, mostly
malignancies. If, as with radiation, ultrasound exposure
has a cumulative effect, these data would be essential
for establishing if there is a safe upper limit for the
total number of ultrasound scans during pregnancy.
This information would be important to obstetricians
and women alike, since the availability of ultrasound
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equipment has produced an unjustifiably high number
of fetal ultrasound scans, including those without any
medical indication.

Another limitation of this systematic review is that it
included mostly exposures before 1995, when the acoustic
potency of the equipment used was lower than in modern
machines. Over the years, there has been a continuous
trend of increasing acoustic output, and the findings
of this systematic review do not necessarily apply to
currently used equipment. Because of weak regulation of
ultrasound equipment output, fetal exposure using current
equipment can be almost eight times greater than that
used previously, regardless of whether gray-scale imaging,
color Doppler or duplex Doppler is employed’3->°. There
is a clear need for adequately designed large studies
to investigate the safety of ultrasound scans performed
with the newer equipment currently in use. However,
because prenatal ultrasound is now commonplace, it
may be difficult to perform randomized controlled trials
without significant crossover. Particularly in developed
countries, it would be difficult to recruit women willing to
be randomized to a possible non-exposed control group.

Protocol deviations were also reported in almost
all of the controlled trials included in this systematic
review, mostly involving control women being exposed
to unscheduled ultrasound for various clinical reasons.
Obviously this could potentially affect the results reported
by these studies. Even if there had been no deviations
at all, it is quite probable that many fetuses, in both
arms of a controlled trial, have also been exposed to
ultrasound from other sources such as heart rate detectors
and electronic antepartum and intrapartum monitoring.
This additional and uncontrolled exposure may weaken
the estimated association between ultrasound and any of
the outcomes analyzed.

The inclusion of observational studies in this systematic
review is open to criticism. Although cohorts and
case—control studies are more likely to be hampered
by systematic error, they have the advantage that large
sample sizes can be achieved, which is a prerequisite
for studying rare outcomes®*-®!, However, the results of
observational studies should be interpreted with caution
since the possibility for confounding is large. Several
studies omitted important details on the characteristics
of the exposed and non-exposed women, such as age,
parity, socio-economic status, drug, tobacco, and alcohol
use, all of which are important determinants of perinatal
outcome. Differences in the rate of obstetrical and clinical
complications also often differ between the exposed
and unexposed groups in cohort studies’’. This is
not surprising, since problems during pregnancy are a
common reason for referral to ultrasound. Therefore, in
many cohorts, the subjects exposed to ultrasound may
have differed from the unexposed participants and this
alone may have influenced the outcome. Consequently,
the strength of inference of putative harm or absence of
harm derived from observational studies will always be
lower than that of randomized trials.
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Implications for practice and research

Based on the available publications, diagnostic prenatal
ultrasonography should continue to be considered
relatively safe for both the mother and the exposed fetus.
However the findings of this systematic review should
be interpreted with caution. Safety implies absence of
any deleterious effect, recognized or unrecognized, and
it must be kept in mind that deleterious effects resulting
from ultrasound may be subtle and appear many years
after exposure. To answer questions about the effect of
ultrasound on human development, long-term follow-up
of exposed and unexposed infants is recommended®?.
However, the cost and effort needed for studies of
these delayed or subtle effects have discouraged their
implementation. Moreover, the various studies included
in this systematic review did not necessarily assess all
possible harmful biological effects produced by prenatal
ultrasound. Future investigations may reveal effects that
are as yet unrecognized. Furthermore, owing to the lack
of sufficient detail in the existing publications, it is
impossible at this time to state exactly what combination
of factors (gestational age, duration and number of
exposures, acoustic output and fetal position) offer the
least risk to the fetus. Therefore, as stated in the ALARA
(As Low As Reasonably Achievable) principle proposed
almost 20 years ago®, based on the currently available
evidence it is still prudent to expose patients to the
least amount of ultrasound energy necessary to obtain
diagnostic information.

REFERENCES

1. Stratmeyer ME. Effects on animals. In An Overview of
Ultrasound: Theory, Measurement, Medical Applications, and
Biological Effects, Stewart HF, Stratmeyer ME (eds). HHS
Publication: Rockville, MD, 1982; 77-102.

2. Garcia J, Bricker L, Henderson J, Martin MA, Mugford M,
Nielson J, Roberts T. Women’s views of pregnancy ultrasound:
a systematic review. Birth 20025 29: 225-250.

3. Bricker L, Garcia J, Henderson J, Mugford M, Neilson J,
Roberts T, Martin MA. Ultrasound screening in pregnancy: a
systematic review of the clinical effectiveness, cost-effectiveness
and women’s views. Health Technol Assess 2000; 4: i-vi,
1-193.

4. Salvesen KA, Fik-Nes SH. Is ultrasound unsound? A review
of epidemiological studies of human exposure to ultrasound.
Ultrasound Obstet Gynecol 19955 6: 293-298.

5. Salvesen KA. Epidemiological prenatal ultrasound studies. Prog
Biophys Mol Biol 2007; 93: 295-300.

6. World Health Organization. WHO Multicentre Study for
the Development of Growth Standards from Fetal Life to
Childhood: the Fetal Component. Geneva: WHO, 2009 (HRP
Project No. A65097).

7. Higgins JPT, Green S (eds). Cochrane Handbook for Systematic
Reviews for Interventions 4.2.6 [updated September 2006]. The
Cochrane Library, Issue 4, 2006. John Wiley & Sons, Ltd:
Chichester.

8. Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD,
Rennie D, Moher D, Becker B], Sipe TA, Thacker SB. Meta-
analysis of observational studies in epidemiology: a proposal
for reporting. Meta-analysis Of Observational Studies in
Epidemiology (MOOSE) group. JAMA 2000; 283: 2008-2012.

Copyright © World Health Organization (2009).

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Torloni et al.

. Loke YK, Price D, Herxheimer A. Systematic reviews of adverse

effects: framework for a structured approach. BMC Med Res
Methodol 2007; 7: 32.

Gulmezoglu AM, Say L, Betran AP, Villar J, Piaggio G. WHO
systematic review of maternal mortality and morbidity:
methodological issues and challenges. BMC Med Res Methodol
2004; 4: 16.

Schulz KF, Chalmers I, Hayes R], Altman DG. Empirical evi-
dence of bias. Dimensions of methodological quality associated
with estimates of treatment effects in controlled trials. JAMA
1995; 273: 408-412.

von Elm E, Altman DG, Egger M, Pocock SJ, Getzsche PC,
Vandenbroucke JP. The Strengthening of the Reporting of
Observational Studies in Epidemiology (STROBE) statement:
guidelines for reporting observational studies. PLoS Med 2007;
4: e296.

Normand SL. Meta-analysis: formulating, evaluating, combin-
ing, and reporting. Stat Med 1999; 18: 321-359.

DerSimonian R, Laird N. Meta-analysis in clinical trials.
Control Clin Trials 1986; 7: 177-188.

Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-
analysis. Stat Med 2002; 21: 1539-1558.

Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring
inconsistency in meta-analyses. BMJ 2003; 327: 557-560.
Stark CR, Orleans M, Haverkamp AD, Murphy J. Short- and
long-term risks after exposure to diagnostic ultrasound in utero.
Obstet Gynecol 1984; 63: 194-200.

Moore RM Jr, Diamond EL, Cavalieri RL. The relationship of
birth weight and intrauterine diagnostic ultrasound exposure.
Obstet Gynecol 1988; 71: 513-517.

Grisso JA, Strom BL, Cosmatos I, Tolosa J, Main D, Carson J.
Diagnostic ultrasound in pregnancy and low birthweight. Am |
Perinatol 1994; 11: 297-301.

Tikkanen J, Heinonen OP. Congenital heart disease in the
offspring and maternal habits and home exposures during
pregnancy. Teratology 1992; 46: 447-454.

Ewigman BG, Crane JP, Frigoletto FD, LeFevre ML, Bain RP,
McNellis D. Effect of prenatal ultrasound screening on perinatal
outcome. RADIUS Study Group. N Engl | Med 1993; 329:
821-827.

FuS, BaoY, Zhang], HuY, Wang X, ZhangF. [Effects
of B-ultrasonic radiation during pregnancy on reproductive
outcome]. [Chinese]. Chung-Hua Yu Fang i Hsueh Tsa Chib
[Chinese Journal of Preventive Medicine] 2000; 34: 86-88.
Hellman LM, Duffus GM, DonaldI, Sunden B. Safety of
diagnostic ultrasound in obstetrics. Lancet 1970;1: 1133-1134.
Macdonald W, Newnham J, Gurrin L, EvansS. Effect of
frequent prenatal ultrasound on birthweight: follow up at 1 year
of age. Western Australian Pregnancy Cohort (Raine) Working
Group. Lancet 1996; 348: 482.

Evans S, Newnham J, Macdonald W, Hall C. Characterisation
of the possible effect on birthweight following frequent prenatal
ultrasound examinations. Early Hum Dev 19965 45: 203-214.
Newnham JP, Evans SF, Michael CA, Stanley FJ, Landau LI
Effects of frequent ultrasound during pregnancy: a randomised
controlled trial. Lancet 1993; 342: 887-891.

Newnham JP, Doherty DA, Kendall GE, Zubrick SR, Lan-
dau LL, Stanley FJ. Effects of repeated prenatal ultrasound
examinations on childhood outcome up to 8 years of age:
follow-up of a randomised controlled trial. Lancet 2004; 364:
2038-2044.

Salvesen KA, Jacobsen G, Vatten L], Eik-Nes SH, Bakketeig LS.
Routine ultrasonography in utero and subsequent growth
during childhood. Ultrasound Obstet Gynecol 1993; 3: 6-10.
Lyons EA, Dyke C, Toms M, Cheang M. In utero exposure to
diagnostic ultrasound: a 6-year follow-up. Radiology 1988;
166: 687-690.

Salvesen KA,  Bakketeig LS, Eik-Nes SH, = Undheim JO,
Okland O. Routine ultrasonography in utero and school per-
formance at age 8-9 years. Lancet 1992; 339: 85-89.

Ultrasound Obstet Gynecol 2009; 33: 599-608.



Safety of ultrasound

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Kieler H, Ahlsten G, Haglund B, Salvesen K, Axelsson O.
Routine ultrasound screening in pregnancy and the children’s
subsequent neurologic development. Obstet Gynecol 1998;91(5
Pt 1): 750-756.

Salvesen KA, Vatten L], Bakketeig LS, Eik-Nes SH. Routine
ultrasonography in utero and speech development. Ultrasound
Obstet Gynecol 1994; 4: 101-103.

Campbell JD, Elford RW, Brant RF. Case-control study of
prenatal ultrasonography exposure in children with delayed
speech. CMA] Canadian Medical Association Journal 1993;
149: 1435-1440.

Bunin GR, Buckley JD, Boesel CP, Rorke LB, Meadows AT.
Risk factors for astrocytic glioma and primitive neuroecto-
dermal tumor of the brain in young children: a report from the
Children’s Cancer Group. Cancer Epidemiol Biomarkers Prev
1994; 3: 197-204.

Cartwright RA, McKinney PA, Hopton PA, Birch JM, Hart-
ley AL, Mann JR, Waterhouse JA, Johnston HE, Draper GJ,
Stiller C. Ultrasound examinations in pregnancy and childhood
cancer. Lancet 1984; 2: 999-1000.

Kinnier Wilson LM, Waterhouse JA. Obstetric ultrasound and
childhood malignancies. Lancet 1984; 2: 997-999.

Naumburg E, Bellocco R, Cnattingius S, Hall P, Ekbom A.
Prenatal ultrasound examinations and risk of childhood
leukaemia: case-control study. BMJ 2000; 320: 282-283.

Shu XO, JinF, Linet MS, Zheng W, Clemens ], Mills ],
Gao YT. Diagnostic X-ray and ultrasound exposure and risk of
childhood cancer. Br | Cancer 1994; 70: 531-536.

Shu XO, Potter JD, Linet MS, Severson RK, Han D, Kersey JH,
Neglia JP, Trigg ME, Robison LL. Diagnostic X-rays and
ultrasound exposure and risk of childhood acute lymphoblastic
leukemia by immunophenotype. Cancer Epidemiol Biomarkers
Prev 2002; 11: 177-185.

Sorahan T, Lancashire R, Stewart A, Peck I. Pregnancy ultra-
sound and childhood cancer: a second report from the Oxford
Survey of Childhood Cancers. Br | Obstet Gynaecol 1995; 102:
831-832.

Stalberg K, Haglund B, Axelsson O, Cnattingius S, Pfeifer S,
Kieler H. Prenatal ultrasound and the risk of childhood brain
tumour and its subtypes. Br | Cancer 2008; 98: 1285-1287.
Kieler H, Haglund B, Cnattingius S, Palmgren J, Axelsson O.
Does prenatal sonography affect intellectual performance?
Epidemiology 2005; 16: 304-310.

Stalberg K, Haglund B, Axelsson O, Cnattingius S, Hult-
man CM, Kieler H. Prenatal ultrasound scanning and the risk
of schizophrenia and other psychoses. Epidemiology 2007; 18:
577-582.

Davies JA, Gallivan S, Spencer JA. Randomised controlled trial
of Doppler ultrasound screening of placental perfusion during
pregnancy. Lancet 19925 340: 1299-1303.

A randomised controlled trial of Doppler ultrasound velocime-
try of the umbilical artery in low risk pregnancies. Doppler
French Study Group. Br | Obstet Gynaecol 1997; 104:
419-424.

Mason GC, Lilford RJ, Porter J, Nelson E, Tyrell S. Ran-
domised comparison of routine versus highly selective use
of Doppler ultrasound in low risk pregnancies. Br | Obstet
Gynaecol 1993; 100: 130-133.

Omtzigt AM, Reuwer PJ, Bruinse HW. A randomized con-
trolled trial on the clinical value of umbilical Doppler velocime-
try in antenatal care. Am | Obstet Gynecol 1994;170: 625-634.
Wladimiroff JW, Laar J. Ultrasonic measurement of fetal body
size. A randomized controlled trial. Acta Obstet Gynecol Scand
1980; 59: 177-179.

Salvesen KA, Eik-Nes SH. Ultrasound during pregnancy and
subsequent childhood non-right handedness: a meta-analysis.
Ultrasound Obstet Gynecol 1999; 13: 241-246.

Kieler H, Axelsson O, Haglund B, Nilsson S, Salvesen KA.
Routine ultrasound screening in pregnancy and the children’s
subsequent handedness. Early Hum Dev 1998; 50: 233-245.

Copyright © World Health Organization (2009).

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

607

Salvesen KA, Vatten L], Eik-Nes SH, Hugdahl K, Bakketeig LS.
Routine ultrasonography in utero and subsequent handedness
and neurological development. BMJ 1993; 307: 159-164.
Salvesen KA, Eik-Nes SH. Ultrasound during pregnancy and
birthweight, childhood malignancies and neurological develop-
ment. Ultrasound Med Biol 1999; 25: 1025-1031.

Crowther CA, Kornman L, O’Callaghan S, George K, Fur-
ness M, Willson K. Is an ultrasound assessment of gestational
age at the first antenatal visit of value? A randomised clinical
trial. Br | Obstet Gynaecol 1999; 106: 1273-1279.

Geerts LT, Brand EJ, Theron GB. Routine obstetric ultrasound
examinations in South Africa: cost and effect on perinatal
outcome —a prospective randomised controlled trial. Br |
Obstet Gynaecol 1996; 103: 501-507.

Secher NJ, Hansen PK, Lenstrup C, Eriksen PS. Controlled trial
of ultrasound screening for light for gestational age (LGA)
infants in late pregnancy. Eur | Obstet Gynecol Reprod Biol
1986; 23: 307-313.

Smith CB. Birth weights of fetuses exposed to diagnostic
ultrasound. J Ultrasound Med 1984; 3: 395-396.

Pizzarello DJ. Teratogenic effects of ionizing radiations and
ultrasound. Prog Clin Biol Res 1980; 44: 67-76.

Henderson ], Willson K, Jago JR, Whittingham TA. A survey
of the acoustic outputs of diagnostic ultrasound equipment
in current clinical use. Ultrasound Med Biol 1995; 21:
699-705.

Miller MW, Brayman AA, Abramowicz JS. Obstetric ultra-
sonography: a biophysical consideration of patient safety — the
“rules” have changed. Am ] Obstet Gynecol 1998; 179:
241-254.

Kieler H, Cnattingius S, Haglund B, Palmgren J, Axelsson O.
Ultrasound and adverse effects. Ultrasound Obstet Gynecol
2002; 20: 102-103.

Ziskin MC. Intrauterine effects of ultrasound: human epidemi-
ology. Teratology 1999; 59: 252-260.

US Dept of Health and Human Services. Diagnostic Ultrasound
Imaging in Pregnancy. In: Public Health Service NIH (ed.). NIH
Publication: Washington, 1984; 12—-13.

Ziskin MC. Update on the safety of ultrasound in obstetrics.
Semin Roentgenol 1990; 25: 294-298.

Bakketeig LS, Eik-Nes SH, Jacobsen G, Ulstein MK,
Brodtkorb CJ, Balstad P, Eriksen BC, Jorgensen NP. Ran-
domised controlled trial of ultrasonographic screening in preg-
nancy. Lancet 1984; 2: 207-211.

Eik-Nes SH, Okland O, Aure JC, Ulstein M. Ultrasound screen-
ing in pregnancy: a randomised controlled trial. Lancet 1984;
1: 1347.

Eik-Nes SH, Salvesen KA, Okland O, Vatten L]. Routine ultra-
sound fetal examination in pregnancy: the ‘Alesund’ random-
ized controlled trial. Ultrasound Obstet Gynecol 2000; 15:
473-478.

Salvesen KA, Vatten L], Jacobsen G, Eik-Nes SH, Okland O,
Molne K. Routine ultrasonography in utero and subsequent
vision and hearing at primary school age. Ultrasound Obstet
Gynecol 1992; 2: 243-247.

Kieler H, Haglund B, Waldenstrom U, Axelsson O. Routine
ultrasound screening in pregnancy and the children’s subsequent
growth, vision and hearing. Br | Obstet Gynaecol 1997; 104:
1267-1272.

Waldenstrom U, Axelsson O, Nilsson S, Eklund G, Fall O,
Lindeberg S, Sjodin Y. Effects of routine one-stage ultrasound
screening in pregnancy: a randomised controlled trial. Lancet
1988; 2: 585-588.

Waldenstrom U, Axelsson O, Nilsson S. Ultrasonic dating
of pregnancies: effect on incidence of SGA diagnoses. A
randomised controlled trial. Early Hum Dev 1992; 30: 75-79.
Kieler H, Hellberg D, Nilsson S, Waldenstrom U, Axelsson O.
Pregnancy outcome among non-participants in a trial on
ultrasound screening. Ultrasound Obstet Gynecol 1998; 11:
104-109.

Ultrasound Obstet Gynecol 2009; 33: 599-608.



608 Torloni et al.

72.

73.

74.

75.

76.

77.

78.

Saari-Kemppainen A, Karjalainen O, Ylostalo P, Heinonen OP. 79. Kieler H, Cnattingius S, Palmgren J, Haglund B, Axelsson O.
Ultrasound screening and perinatal mortality: controlled trial First trimester ultrasound scans and left-handedness. Epidemi-
of systematic one-stage screening in pregnancy. The Helsinki ology 2002; 13: 370.

Ultrasound Trial. [See comment]. Lancet 1990; 336: 387-391. 80. Bellieni CV, Buonocore G, Bagnoli F, Cordelli DM, Gas-
Saari-Kemppainen A. Use of antenatal care services in a parre O, Calonaci F, Filardi G, Merola A, Petraglia F. Is an
controlled ultrasound screening trial. Acta Obstet Gynecol excessive number of prenatal echographies a risk for fetal
Scand 1995; 74: 12-14. growth? Early Hum Dev 2005; 81: 689-693.

LeFevre ML, Bain RP, Ewigman BG, Frigoletto FD, Crane JP, 81. Sylvan K, Ryding EL, Rydhstroem H. Routine ultrasound
McNellis D. A randomized trial of prenatal ultrasonographic screening in the third trimester: a population-based study. Acta
screening: impact on maternal management and outcome. Obstet Gynecol Scand 2005; 84: 1154-1158.

RADIUS (Routine Antenatal Diagnostic Imaging with Ultra- 82. Belfrage P, Fernstrom I, Hallenberg G. Routine or selective
sound) Study Group. [See comment]. Am | Obstet Gynecol ultrasound examinations in early pregnancy. Obstet Gynecol
1993; 169: 483-489. 1987; 69: 747-750.

Duff GB. A randomized controlled trial in a hospital population 83. Geerts L, Theron AM, Grove D, Theron GB, Odendaal HJ. A
of ultrasound measurement screening for the small for dates community-based obstetric ultrasound service. Int | Gynaecol
baby. Aust N Z | Obstet Gynaecol 1993; 33: 374-378. Obstet 2004; 84: 23-31.

Ewigman B, LeFevre M, Hesser J. A randomized trial of routine 84. Cochlin DL. Effects of two ultrasound scanning regimens on
prenatal ultrasound. Obstet Gynecol 1990; 76: 189-194. the management of pregnancy. Br | Obstet Gynaecol 1984; 91:
McKenna D, Tharmaratnam S, Mahsud S, Bailie C, Harper A, 885-890.

Dornan J. A randomized trial using ultrasound to identify the 85. Pastore LM, Hertz-Picciotto I, Beaumont JJ. Risk of still-
high-risk fetus in a low-risk population. Obstet Gynecol 2003; birth from medications, illnesses and medical procedures.
101: 626-632. [See comment]. Paediatr Perinat Epidemiol 1999; 13:
Kieler H, Cnattingius S, Haglund B, Palmgren J, Axelsson O. 421-430.

Sinistrality- a side-effect of prenatal sonography: a comparative 86. Frankenburg WK, Dodds JB. The Denver developmental screen-
study of young men. Epidemiology 2001; 12: 618-623. ing test. | Pediatr 1967; 71: 181-191.

SUPPORTING INFORMATION ON THE INTERNET

The following supporting information may be found in the online version of this article:
(References 64—86 are cited within the supporting information)

Table S1 Main characteristics of 41 included studies (61 publications)

Table S2 Prenatal ultrasound and adverse maternal outcome

Table S3 Prenatal ultrasound and perinatal outcome

Table S4 Prenatal ultrasound and childhood neurological development and school performance
Table S5 Prenatal ultrasound and non-right handedness (NRH)

Table S6 Prenatal ultrasound and childhood malignancy

Table S7 Prenatal ultrasound and adult intellectual performance or mental disease after childhood
Table S8 Subgroup analysis: effect of type of ultrasound exposure on various outcomes (controlled trials only)

Table S9 Subgroup analysis: relationship between number of ultrasound examinations performed during pregnancy
and various outcomes (controlled trials only)

Appendix S1 Search strategy
Appendix S2 Data extraction form
Appendix S3 Quality assessment of observational ultrasound studies

Appendix S4 Meta-analysis graphs for safety of diagnostic ultrasound in pregnancy

Copyright © World Health Organization (2009). Ultrasound Obstet Gynecol 2009; 33: 599-608.



