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ABSTRACT

Objective: To explore the use of tele-ultrasound and handheld or self-operated ultrasound in pregnancy.

Methods: A systematic search provided 31 studies. The risk of bias for each study was assessed. Results were analyzed and
presented in a narrative overview in four domains: tele-ultrasound, patient-operated ultrasound, handheld devices and low- and
middle-income countries (LMIC).

Results: The quality of studies was generally low or fair based on the NIH Quality Assessment Tools. Fetal tele-ultrasound
services (11 studies) are feasible and especially helpful in rural areas or with increased centralization of specialist care.
Three studies with patient-operated ultrasound concluded its feasibility with good-to-high experiences. The use of handheld
devices in pregnancy (eight studies) showed similar ultrasound results when compared to standard devices. In LMICs, inno-
vative use of ultrasound (nine studies) can facilitate access to obstetric care performed by trained as well as unskilled caregivers
combined with remote evaluation by an expert.

Conclusions: Innovations in ultrasound in pregnancy care have shown promising results for application. Although most
studies demonstrated benefits for pregnant women or care providers, high-level evidence is scarce. High-quality studies on
innovations are needed to assess medical outcomes, patient and provider experiences and costs.

1 | Introduction satisfaction and engagement, fewer hospital visits, reduction of
costs and provision of remote healthcare in low- and middle-
income countries [3, 4]. Particularly, the COVID-19 pandemic
had a profound influence on the urgent need for innovation in

health care provision.

Increased access to mobile phones, wireless internet, video
communication and development of portable devices have
contributed to rapid innovations using telecommunications
within health care [1, 2]. The use of any form of telecommu-

nication to enhance traditional health care is called telemedi-
cine. Forms of telemedicine with use of wireless devices in
obstetric management have been described by a variety of
studies such as maternal blood pressure monitoring and remote
cardiotocography. Possible advantages include improved patient

Ultrasound is the main imaging modality used to evaluate the
fetal condition during pregnancy. Digital innovations can be
used to support or replace traditional provision of pregnancy
ultrasonography, using tele-ultrasound or portable devices.
Tele-ultrasound allows for real-time fetal monitoring during
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Summary

e What's already known about this topic?

o Digital health innovations in antenatal care are
available to support or replace traditional provision of
pregnancy care. In pregnancy ultrasonography, ex-
amples include tele-ultrasound services, self-operated
ultrasound, and handheld devices.

e What does this study add?

o Results from 31 studies on innovations in ultrasound
show promising results for application. Although
most studies could demonstrate a benefit for preg-
nant women or health care providers, high-level ev-
idence is scarce.

remote consultations, self-operated ultrasound measurements
by pregnant women and furthermore it provides opportunities
for remote healthcare in low- and middle-income countries.
Tele-ultrasound could have the opportunity to fill in several
health-care gaps [5]. Besides possible benefits in a clinical role,
tele-ultrasound also can be used as an educational tool [6].

Furthermore, handheld devices for pregnancy ultrasound can
be used by a clinicians to directly influence management de-
cisions. Images from these devices can be reviewed by the
performer of the ultrasound or by a consulted expert in a tele-
ultrasound (remote) setting. Potential benefits of innovative
handheld devices with and without telemedicine consultations
include its portability, ease of use and accessibility and may be
especially useful in remote or resource-limited areas [7].

Given the rapid development of innovations in digital health, we
aimed to provide an overview of the existing literature investi-
gating the impact of tele-ultrasound, handheld devices and self-
operated ultrasound for various purposes. The review will assess
the applicability, feasibility, (dis)advantages and (clinical) out-
comes of these innovations in pregnancy ultrasound.

2 | Methods

2.1 | Eligibility Criteria, Information Sources,
Search Strategy

For this review, PRISMA guidelines were followed. A systematic
literature search was performed in PubMed and EMBASE in
October 2023. The search included various synonyms for ul-
trasound use in pregnancy care, combined with telemedicine,
point-of-care, portable or handheld devices and digital health
(see Supplementary Material S1 for the search strategy) and
related Mesh terms and Emtree/exploded terms. Screening and
reviewing of abstracts and full articles was done independently
by two authors (J.H. and S.K.) and discrepancies were discussed
to reach final conclusions. Reference lists were screened for
additional inclusions. All manuscripts were evaluated for eligi-
bility for inclusion in this review.

All English-written, prospective and retrospective studies or
trials using tele-ultrasound in pregnancy in human subjects

were included. Included articles of interest reported clinical
outcomes as well as outcomes related to experiences and costs.

2.2 | Data Extraction and Analysis

Data were extracted by two independent researchers (J.H. and
S.K.). Data extracted from each study included: author(s),
publication year, study location, patient demographics, sample
size, used ultrasound innovation or method (e.g., real-time vs.
asynchronous remote care), and outcome specific results. In-
dications for ultrasound were categorized into the following
groups: first-trimester routine scan (for viability or dating), first-
trimester anomaly scan, second-trimester anomaly scan, ultra-
sound in high-risk pregnancy after referral (e.g., fetal growth
restriction [FGR], suspected fetal anomaly, multiple pregnancy),
routine scan for fetal position, amniotic fluid and placental
location, fetal biometry scan (with or without Doppler indices),
transvaginal ultrasound (e.g., for cervical length). Also, the
mean gestational age, sample size, ultrasound performer and
ultrasound interpreter were extracted from all articles.

Risk of bias for each included study was assessed using the
National Institutes of Health (NIH) Quality Assessment Tool for
Observational Cohort and Cross-Sectional Studies and the NITH
Quality Assessment Tool for Controlled Intervention Studies.
Both tools are designed to assist in the critical appraisal of study
methodology and validity. Depending on the scores, studies
were labeled good, fair, or low quality.

3 | Results
3.1 | Study Selection

The systematic literature search resulted in 435 articles (see
Supplementary Material S2: Figure S1 PRISMA flow diagram).
After removal of 177 duplicates and further screening of ab-
stracts and full texts, 31 publications were included.

3.2 | Study Characteristics and Quality
Assessment

All articles were published between 1999 and 2023, with a peak
in publications in 2020-2023. Two studies were controlled
intervention studies, the remaining articles were cohort or
cross-sectional studies, and one qualitative study.

According to the category of indication for ultrasound, one out
of 31 studies studied innovations in viability scans, five out of 31
during second-trimester anomaly scans, five articles on ultra-
sound in high-risk pregnancy after referral (e.g., for FGR or
suspected fetal anomaly), 18 articles on routine scans, and seven
articles on fetal biometry. No articles were identified that
studied tele-ultrasound innovations in the first trimester
anomaly scan or use of transvaginal ultrasound (e.g., for cervical
length). The included articles were categorized into four do-
mains, which will be addressed in the following paragraphs:
tele-ultrasound services (including 11 studies), patient-operated
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ultrasound (three studies), handheld ultrasound devices (eight
studies) and Low and middle-income countries (nine studies)
(Figure 1). Outcomes regarding costs of care were mentioned in
five studies. Details from the results on experiences of either
care providers or patients were summarized separately.

In Tables 1-4, an overview of all selected studies is given in the
four domains in which tele-ultrasound in pregnancy care was
described, implemented, or compared with standard care.

The quality of included (observational) cohort and cross-
sectional studies was generally low or fair based on the NIH
quality assessment tool. Of the two controlled intervention
studies, one was rated fair, and one was rated low quality.
Detailed information can be found in Supplementary Material
S3 (Table S1) and S4. Given the low or fair quality of studies and
the heterogeneity/variety in study methods, the used technolo-
gies, and their outcome measurements, results were analyzed
and presented in a narrative approach.

3.3 | Tele-Ultrasound Services

In 11 studies, the use of fetal tele-ultrasound services, with or
without real-time expert evaluation, in the perinatal period was
described (Table 1). All articles described the context of tele-
medicine between two different locations: one where the ul-
trasound is performed and assessed in the presence of the
pregnant patient and one where the obtained images are
reviewed by an expert in another location. Examples include the
patient and sonographer being in a community clinic and the
expert in a hospital, or the patient in a hospital and the expert in
a tertiary referral clinic. If needed, results are to be discussed
with the patient and/or ultrasound performer through video-
calls, permitting real-time consultations. In 5/11 studies, tele-
ultrasound services for the second trimester anomaly scan
were examined [8, 10, 13, 16, 18] and 5/11 studies described
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FIGURE1 | Telehealth innovations in four domains of ultrasound in
pregnancy care.

telemedicine after referral for suspected (cardiac) anomalies,
fetal growth restriction, or multiple pregnancy [9, 12, 14, 16, 17].
One study used telemedicine for routine ultrasound scans [13].

For the screening of anomalies in the second trimester, two
studies found that tele-ultrasound (by registered sonographers
and reviewed by experts) proved to be non-inferior to onsite
detection of major fetal anomalies [8, 18]. The non-inferiority
randomized trial by Whittington et al. randomized 600 preg-
nant women for a second trimester anomaly scan to either in-
person visits versus tele-ultrasound service with remote inter-
pretation by an expert. With sensitivity of anomaly detection of
82 versus 85%, tele-ultrasound was non-inferior to in-person
visits [8].

Multiple studies found that tele-ultrasound allows for secure
diagnosis in the second trimester after referral in cases of
(suspected) fetal malformations, with imaging of good quality
[9, 10, 12, 17]. For example, a study from 2011 demonstrated
that diagnosis of congenital heart anomaly was accurate in 97%
of cases using tele-ultrasound, after a standard in-person visit in
the reference center via a telemedicine link with live guidance
by a fetal cardiologist [12].

Arbeille et al. studied a method to conduct fetal ultrasound
using a robotic arm remotely controlled by an expert (tele-
echography). Visualization of fetal presentation, placental
localization, echogenicity and amniotic fluid after positioning of
the probe by an inexperienced assistant was good. In another
study from 2018 using a robot, comparable results were found,
however not all fetal biometry values were as accurate using the
robot [13]. The absence of an expert on the patient side made
specific measurements impossible, and therefore, the added
benefit of robotic use remains doubtful [16].

Two studies mentioned effects on costs, of which two found cost
savings for traveling costs of patients [9, 14].

3.4 | Patient-Operated Ultrasound

We found three studies that assessed self-operated ultrasound in
routine scans in pregnancy (Table 2).

In the study by Hadar et al, one hundred pregnant women were
given a portable abdominal ultrasound device for self-use for
several scans a day for 1-2 weeks. Mean GA was 24 weeks
ranging from 16 to 40 weeks. Images were stored and scored by
two independent experts after completion of the study. The
success rate in identifying several standard obstetric ultrasound
parameters such as fetal heart activity, amniotic fluid volume
and fetal body movements was high. The system was found to
be a feasible solution for remote sonographic fetal assessment
through self-measurements [19].

In another study, 46 women were asked to self-operate a mobile
ultrasound device for one self-assessment. Success rates of this
first session varied from 52% to obtain a video of the fetal
heartbeat and/or amniotic fluid, to 14% for a fetal profile image.
The majority of the women would prefer live support by a
physician during self-examinations [20]. A pilot study for
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telemedicine visits for 40 + 1 to 40 + 6 weeks of gestation for

o o
Q g z E fetal surveillance included self-operated ultrasound for amni-
g = O = % % ~ o otic fluid assessment. Of 10 participants, all were able to obtain
"E LZ) g % E £ k= g a satisfactory deepest vertical pocket after instructions [21].
5| E S E582 g
wn v « j=] . .
5 Z Z 4 E izi ) Z None of the studies mentioned effects on healthcare costs.
e [72] 7]
SIRE .- £
& S -
80
, 5 B 3.5 | Handheld Ultrasound Devices
S2E 2 Z g
= . . .
g § Table 3 describes the eight studies that reported on the use of
~ handheld ultrasound devices.
T = =
g3 g = s o . . .
B 2loso Y S o With increased portability, these innovative designs could also
§ g 5 2 o8 Z be of use in pregnancy ultrasound [39].
2l 8 S
D8 B a o : ,
- = One out of eight included studies used handheld devices for
"g b 5 oS " " viability scans, two for fetal biometry, four for routine scans,
H é g i + ‘g ‘g and one for both routine scans and biometry. One study used a
§ qg % + 9 s s personal-device based point-of-care probe: a small portable
g 2|5 ! A A ultrasound probe connected to a personal device such as
o smartphones and tablets. One-hundred participants underwent
'Té —_ fetal assessment using a standard ultrasound machine and a
<] . . . .
g S 2 =\ < ;I‘ portable device. Among other things, estimated fetal weight,
s&< g a o = fetal biometry and detection of cardiac activity were assessed
7] . . .
g - and showed near-perfect agreement [27]. Similar findings were
- reported in two other studies and therefore, pocket-sized ul-
'g g 2 2 2 trasound can be used for routine assessment of fetal growth and
=] 3|8 = £ = £ = :
; s 22 5 S 3 S S fetal wellbeing [24, 40].
g Sl o @ o @ o =
g =\~ < < . . .
— E) Two studies evaluated whether screening of fetal growth using
° s 2 handheld devices instead of symphysis to fundal height (SFH)
= gl GEJ 88 o measurement could decrease the referral for a formal ultra-
g @ | g = % = sound. All ultrasound performers were trained to measure with
@ @ a handheld device as well as SFH measurement. One study
En Té Té Té concluded that handheld ultrasound devices were a valuable
'g S ¢ S ¢ S ¢ screening tool as bedside fetal biometry measurements were
<= g S E S E S comparable to standard ultrasound [28]. However, one study
> o =] =} . .
'g 9 S 9 o Y o among low-risk pregnant women found that it could not
g 3 8 8 8 outperform SFH measurements as a screening tool for fetal
= o growth [22]. A before-after study showed that after imple-
§ -8 p 2 mentation of routine scans with a handheld device in the third
£ g S| g g trimester (or before delivery), the proportion of undiagnosed
e 2 3| & = @ h i duced
5 592 5 2] breech presentations was reduced [23].
2 - = G)
9 =]
g = No studies were found that used handheld devices combined
3 g - o § = e} ® < with telemedicine or tele-ultrasound transmission of images
g S8 5 . 5§28 g 8z § -§ between the ultrasound location and the other location of an
é 0|3 E g 2 @é g g, §’° §=w expert. However, the three studies mentioned in paragraph of
— = . . .
g 2 s ‘é % gﬂ S g 22 g @ g 9 Patient-operated ultrasound do use this modality.
] S| s g OB QL 5 aEk&a
o S5 =585 eS8 g8 88 2 .
[Sle] o = “ 9 . .
£ 2l g g o O 8 s 2 © w3 w8 & None of these eight studies evaluated the effects on costs of
5 Flo 3< g o9 8 S o5 ol . .
= Hl2 285 =3 g - 59 & g £ healthcare during their research.
z 25855228 538l
2 S8 §°cE fEEEE
S = = E = = & &
_ 3
o o 8 g 3.6 | Low- and Middle-Income Countries
2| 2453 £3 - |2
) CEERSIE) 5 SIS =25 = In nine studies, the use of ultrasound innovations in low- and
< < HEID A3 4 z 34 S . . A .
= < middle-income countries was described (Table 4).
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(Continued)

TABLE 4

Tele-

Ultrasound monitored

Mean
gestational

Indication

Ultrasound

for
ultrasound

Sample

Intervention

Authors
(year)
Kim

interpreter (real time) Ultrasound type

performer

age
NR

size
93

Study design

location

Title article
Perceptions of service

NR

Same as No

Nurses or midwives

Routine

Qualitative

Nepal

performer

scan

study

providers, service
recipients and female

(2023) [38]

community health
volunteers on a rural

obstetric ultrasound

program in rural
Nepal: a Qualitative

study

Abbreviations: GE: general electric; MFM: maternal fetal medicine; NR: not reported.

All eight studies described (tele-)ultrasound innovations in
second and third trimesters for routine scans or included fetal
biometric parameters. Two of the eight studies used standard-
ized obstetric sweep protocols performed by inexperienced
health care providers for validation using routine ultrasound
[35, 37].

In two studies, trained technicians acquired ultrasound scans
using a portable ultrasound device and sent them to an expert
(gynecologist). Ultrasound examinations were carried out for
women who could not attend hospital visits for antenatal care.
The combination of an online management system and tele-
ultrasound gave the possibility to report negative obstetric
signs and therefore increased access to care in rural commu-
nities [31, 32].

Multiple studies have shown that health care workers with
limited training can accurately diagnose selective obstetric risk
factors using ultrasound. Kozuki et al. investigated the feasi-
bility of wultrasound examinations performed by nurse-
midwives using handheld ultrasounds for the diagnosis of
risk factors as non-cephalic presentation, multiple gestation
and placenta previa. The ultrasound images were reviewed by
experts. Sensitivity, specificity, and positive and negative pre-
dictive values of the selected obstetric risk factors were high
(between 90% and 100%). Therefore, hand-held ultrasonogra-
phy with limited training can accurately diagnose selected
obstetric complications [30, 33, 34].

Another study assessed standardized obstetric sweeps taken
with handheld devices by minimally trained medical students
versus standard care obstetric ultrasound. Compressed movie
clip ultrasound images were read and interpreted remotely by
multiple experts and compared with the report of the ultra-
sound performer. The inter-observer agreement for placental
localization, fetal number, fetal presentation and pregnancy
dating was high (Cohen k > 0.79). Parameters for fetal biometry
using the sweeps were more difficult to obtain and inter-
pret [35].

The limited human resources lead to task shifting or redis-
tributing simple but effective tasks to less specialized health
care workers with supervision of remote experts [30, 31]. Novel
telediagnostic ultrasound systems and the expanding synergy
between tele-health and ultrasound can increase access to
prenatal ultrasound imaging worldwide and are likely to
enhance care and improve maternal and child health [37, 41].

In two studies, cost savings were mentioned with regard to
reduced traveling costs for patients [32, 38].

3.7 | Patient and Caregiver Experiences

Ten of the 31 aforementioned studies evaluated and reported
patients’ satisfaction and experiences with ultrasound
innovations.

From the patients' perspective, studies on remote antenatal
consultations reported that a main advantage was the access to
a specialist unit without having to travel [11]. Overall, women
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expressed high levels of satisfaction with tele-ultrasound and are
willing to use the tele-ultrasound service again and recommend
it to others [8, 9, 15].

Hadar et al. studied the use of a self-operated home ultrasound
system for remote fetal assessment during pregnancy and re-
ported that the user's satisfaction was high and the user's
experience was scored with a 4.4 (£ 0.6 in a range of 1-5).

Two studies from Kenya and Ethiopia described that patients
felt the process was safe, convenient and reassuring; they all had
a better antenatal visit experience and increased confidence in
the delivery of care [32, 33].

The experiences and opinions of caregivers on the use of tele-
ultrasound or handheld devices have not been widely
described. One study performed by Smith et al. in 2002
mentioned that the staff were uncomfortable about using the
equipment but soon learned to use it confidently. One of the
members of staff described it [tele-ultrasound] as “almost as
easy as using a telephone.” Another study by Smith reported
that managers expressed concerns relating to the increased need
for sonography and midwifery staff time to support the tele-
ultrasound service [9]. This was counterbalanced by the op-
portunity to increase sonographer skill levels and substantially
reduce travel and associated costs for women and families. Six
residents in obstetrics used a handheld ultrasound device in the
labor ward and all were satisfied with its use and image quality
[29]. A study from 2011 reported a high level of satisfaction
amongst sonographers, feeling improvement in their skills and
confidence during the research period [12]. A questionnaire
about the implementation of tele-ultrasound in Ethiopia
described very positive reviews from users about the training,
usability, and future role of telemedicine in patient care [32].

4 | Discussion
4.1 | Principal Findings

By providing this overview of the literature, we aimed to assess
the applicability, feasibility, (dis)advantages and (clinical) out-
comes of this innovative use of pregnancy tele-ultrasound and
handheld devices. This study reviewed the research in this field
in four different categories. Most studies could demonstrate a
benefit for pregnant women or health care providers; however, a
high level of evidence from studies such as controlled trials is
scarce.

In research with fetal tele-ultrasound services, multiple studies
have reported the feasibility and implementation of remote care.
Three studies with patient-operated ultrasound in pregnancy
using self-measurements concluded its feasibility with good-to-
high patient experiences. Several studies have reported the re-
sults of the use of handheld ultrasound devices in pregnancy:
multiple devices showed comparable results of analysis of
pregnancy parameters including fetal growth. In low- and
middle-income countries, innovative use of ultrasound in
pregnancy can facilitate pregnancy care provision. Ultrasound

can be performed by trained as well as unskilled caregivers
combined with remote evaluation by an expert. Studies show
good accuracy of obstetric parameters and improvement of ac-
cess to care in rural settings.

Effects of ultrasound innovations on medical or organizational
costs were not available, besides the mention of cost savings
with regard to traveling costs for patients.

Overall, 10 of 31 studies evaluated patient and caregiver expe-
riences with tele-ultrasound settings, most of them with good
results amongst users.

4.2 | Comparison With Previous Literature

Previous literature reviews have mentioned the use of in-
novations in pregnancy ultrasound while providing an update
on digital health in pregnancy care [2-4, 39] Most of those
mentioned studies on ultrasound were published before 2012
and demonstrated the usability of tele-ultrasound services with
respect to accuracy and acceptability amongst users. Our review
combined the most recent studies on this topic, with most
studies published in 2020-2023.

4.3 | Study Limitations and Strengths

This overview of the literature has some limitations. Due to the
heterogeneity of the found studies, the review was written in a
narrative approach.

Strengths of this study included its extensive search strategy in
multiple sources with the addition of reference screening and gray
literature. As a result, we aimed to detect all relevant studies to
review in this overview. In this narrative review, both medical as
well as important secondary outcomes, such as experiences and
costs, are described to provide a comprehensive overview of
telemedicine innovations in ultrasound in pregnancy.

4.4 | Implications and Conclusion

Overall, the results of this study on (tele-)ultrasound in-
novations fit in the growing body of evidence for remote care in
pregnancy monitoring, such as blood pressure self-monitoring
or remote cardiotocography [42, 43]. Advantages and disad-
vantages of tele-ultrasound in pregnancy care are summarized
in Table 5. Also, there are several indistinct areas of results that
are equally important to rationalize its future use. In this rapidly
evolving field of technology, future research should attain all
domains of quality-of-care evaluation [44]. This includes safety
of care, efficiency, patient-centeredness as well as costs analysis.
Regarding safety of care, future studies should compare inno-
vative versus conventional ultrasound services in controlled of
real-world data studies to evaluate effects on medical outcomes
of perinatal care. Future use by health care providers can be
evaluated by qualitative or interview studies. Moreover, direct
involvement of professionals in the development of future
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TABLE 5 | Advantages and disadvantages of current evidence in tele-ultrasound innovations.

Patient operated

Tele-ultrasound services ultrasound

Low and middle income
countries

Handheld ultrasound
devices

Advantages
Increased access to care Increased access to care
Good image quality Use of mobile devices

Detection of anomalies Good patient experiences

Good patient experiences

Disadvantages

Limited data from controlled

studies studies
Indistinct
Care providers experiences Impact on costs

Impact on costs

Increased access to care Increased access to care

Good image quality Use of mobile devices

Use of mobile devices Task shifting with remote

evaluation
Care providers experiences Good patient experiences

Care providers experiences

Limited data from controlled Limited data from controlled Limited data from controlled

studies studies

Patient experiences Detection of anomalies

Impact on costs Impact on costs

ultrasound innovations and services can aid in the uptake and
implementation of innovations. Finally, costs of care should be
taken into consideration. Introduction of remote ultrasound
services could decrease costs by decreasing travel expenses or
referral costs to tertiary care centers. However, the costs of the
development and implementation of these innovations need to
be balanced against the possible cost-saving aspects.

Future directions of studies may focus on the combination of
handheld ultrasound devices and remote interpretation by ex-
perts via tele-ultrasound. In an outpatient setting, this combi-
nation can aid in triage and diagnosis of pregnancy complications
in antenatal care with limited resources. Viewpoints of caregivers
and patients should be part of evaluation studies for successful
implementation in case of satisfactory results. Studies on patient-
operated ultrasound (from home) can research the possibilities
and indications of this innovation, including the barriers and
facilitators of mentoring patients in this technique. The use of
(patient-operated) obstetric sweep protocols is now under
research to detect ultrasound anomalies or pregnancy compli-
cations [45]. These novel possibilities of tracking fetal parameters
and artificial intelligence may aid in the follow-up of complicated
pregnancies with FGR or fetal anomalies.

5 | Conclusions

This review has shown the available value of telehealth in-
novations for ultrasonography in pregnancy care. Several ad-
vantages and disadvantages have been found that influence
future care. Study outcomes of high-level evidence studies are
scarce. Despite possible challenges for implementation, tele-
ultrasound is very likely to disperse globally as a result of
progress in digital health care. Particularly, the COVID-19
pandemic had a profound influence on the urgent need for
innovation in health care provision. Future—high-quality-
research should focus on medical outcomes as well as patient

experiences and costs to further evaluate health care innovation
in pregnancy monitoring.

Acknowledgments

The authors have nothing to report.

Ethics Statement

The authors have nothing to report.

Consent

The authors have nothing to report.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The authors have nothing to report.

References

1. World Health Organization, Global diffusion of eHealth: Making
universal health coverage achievable. Report of the third global survey on
eHealth [Internet] (Geneva: World Health Organization, 2016), https://
www.who.int/goe/publications/global_diffusion/en/.

2. A. R. Kern-Goldberger and S. K. Srinivas, “Telemedicine in Obstet-
rics,” Clinics in Perinatology 47, no. 4 (2020): 743-757, https://doi.org/10.
1016/j.c1p.2020.08.007.

3. J. F. M. Van Den Heuvel, T. K. Groenhof, J. H. W. Veerbeek, et al.,
“eHealth as the Next-Generation Perinatal Care: An Overview of the
Literature,” Journal of Medical Internet Research 20, no. 6 (2018): €202,
https://doi.org/10.2196/jmir.9262.

4. W. Gyselaers, D. Lanssens, H. Perry, and A. Khalil, “Mobile Health
Applications for Prenatal Assessment and Monitoring,” Current Phar-
maceutical Design 25, no. 5 (2019): 615-623, https://doi.org/10.2174/
1381612825666190320140659.

13 of 15

S5USD 1T SUOLULLIOD) A 11810 3| |dde s Ag pausenob afe sajoie YO ‘asn Jo sainJ Joj Akeiq1TauljuQ AS[IAA UO (SUOIIIPUOD-pUe-SWLS)/WO0D A | 1M Afed U1 Uo//:Sdny) SUORIpUOD pue W | 8Yl 89S *[5202/90/8T] Uo Akidiauluo A|IM ‘6299 Pd/Z00T 0T/10p/wod A1 Im: ARlq Ul uo uABgo//sdny wol) papeojumod ‘0 ‘€220.60T


https://www.who.int/goe/publications/global_diffusion/en/
https://www.who.int/goe/publications/global_diffusion/en/
https://doi.org/10.1016/j.clp.2020.08.007
https://doi.org/10.1016/j.clp.2020.08.007
https://doi.org/10.2196/jmir.9262
https://doi.org/10.2174/1381612825666190320140659
https://doi.org/10.2174/1381612825666190320140659

5. L. Mertz, “Ultrasound? Fetal Monitoring? Spectrometer? There’s an
App for That!: Biomedical Smart Phone Apps Are Taking Healthcare by
Storm,” IEEE Pulse 3, no. 2 (2012): 16-21, https://doi.org/10.1109/mpul.
2011.2181019.

6. C. Lewis, “A Tele-Ultrasound Needs Analysis in Queensland,”
2_Supplement, Journal of Telemedicine and Telecare 11 (2005): 61-64,
https://doi.org/10.1258/135763305775124696.

7. G. S. Collins, J. B. Reitsma, D. G. Altman, and K. G. M. Moons,
“Transparent Reporting of a Multivariable Prediction Model for Indi-
vidual Prognosis or Diagnosis (TRIPOD): The TRIPOD Statement,”
European Urology 67, no. 6 (2015): 1142-1151, https://doi.org/10.1016/;.
eururo.2014.11.025.

8. J. R. Whittington, D. S. Hughes, N. Z. Rabie, et al., “Detection of Fetal
Anomalies by Remotely Directed and Interpreted Ultrasound (Tele-
ultrasound): A Randomized Noninferiority Trial SMFM Fellowship
Series Article 113,” American Journal of Perinatology 39, no. 02 (2022):
113-119, https://doi.org/10.1055/s-0041-1739352.

9. V. J. Smith, A. Marshall, M. L. S. Lie, et al., “Implementation of a
Fetal Ultrasound Telemedicine Service: Women’s Views and Family
Costs,” BMC Pregnancy and Childbirth 21, no. 1 (2021): 38, https://doi.
0rg/10.1186/s12884-020-03532-4.

10. A. C. Ferreira, E. Araujo Junior, W. P. Martins, et al., “The Journal
of Maternal-Fetal & Neonatal Medicine Trans-Pacific Tele-Ultrasound
Image Transmission of Fetal Central Nervous System Structures,”
Journal of Maternal-Fetal and Neonatal Medicine 28, no. 14 (2014):
1706-1710, https://doi.org/10.3109/14767058.2014.966674.

11. P. Smith and E. Brebner, “Tele-Ultrasound for Remote Areas,”
2_Supplement, Journal of Telemedicine and Telecare 8 (2002): 80-81,
https://doi.org/10.1177/1357633x020080s237.

12. B. A. McCrossan, A. J. Sands, and F. A. Casey, “Fetal Diagnosis of
Congenital Heart Disease by Telemedicine,” Cardiology in the Young 20
(2010): 71-72, https://www.embase.com/search/results?subaction=
viewrecord&id=L70234873&from=export.

13. S. J. Adams, B. E. Burbridge, A. Badea, et al., “A Crossover Com-
parison of Standard and Telerobotic Approaches to Prenatal Sonogra-
phy,” Journal of Ultrasound in Medicine 37, no. 11 (November 2018):
2603-2612, https://doi.org/10.1002/jum.14619.

14. F. Y. Chan, B. Soong, D. Watson, and J. Whitehall, “Realtime Fetal
Ultrasound by Telemedicine in Queensland. A Successful Venture?,”
Supplement 2, Journal of Telemedicine and Telecare 7 (2001): 7-11,
https://doi.org/10.1258/1357633011937290.

15. B. Soong, F. Y. Chan, S. Bloomfield, M. Smith, and D. Watson, “The
Fetal Tele-Ultrasound Project in Queensland,” Australian Health Review
25, no. 3 (2002): 67-73, https://www.embase.com/search/results?
subaction=viewrecord&id=L35617731&from=export.

16. P. Arbeille, J. Ruiz, P. Herve, M. Chevillot, G. Poisson, and F. Per-
rotin, “Fetal Tele-Echography Using a Robotic Arm and a Satellite
Link,” Ultrasound in Obstetrics and Gynecology 26, no. 3 (2005): 221-226,
https://doi.org/10.1002/u0g.1987.

17. J. Brown and B. Holland, “Successful Fetal Tele-Echo at a Small
Regional Hospital,” Telemedicine Journal and e-Health 23, no. 6 (June
2017): 485-492, https://doi.org/10.1089/tm;j.2016.0141.

18. N. Z. Rabie, A. T. Sandlin, S. Ounpraseuth, et al., “Teleultrasound
for Pre-Natal Diagnosis: A Validation Study,” Australasian Journal of
Ultrasound in Medicine 22, no. 4 (August 2019): 248-252, https://doi.
org/10.1002/ajum.12175.

19. E. Hadar, L. Wolff, K. Tenenbaum-Gavish, et al.,, “Mobile Self-
Operated Home Ultrasound System for Remote Fetal Assessment Dur-
ing Pregnancy,” Telemedicine Journal and e-Health 28, no. 1 (2022): 93—
101, https://doi.org/10.1089/tmj.2020.0541.

20. C. A. Pontones, A. Titzmann, H. Huebner, et al., “Feasibility and
Acceptance of Self-Guided Mobile Ultrasound Among Pregnant Women

in Routine Prenatal Care,” Journal of Clinical Medicine 12, no. 13 (2023):
4224, https://doi.org/10.3390/jcm12134224.

21. O. Nir, G. Dvir, E. Galler, et al., “Integrating Technologies to Pro-
vide Comprehensive Remote Fetal Surveillance: A Prospective Pilot
Study,” International Journal of Gynecology & Obstetrics 164, no. 2
(2023): 662-667, https://doi.org/10.1002/ijgo.15018.

22. C.Omere, D. A. Goncharov, C. Pedroza, et al., “Randomized Trial of
Fundal Height vs Point-of-Care Ultrasound During Routine Antenatal
Visits,” American Journal of Obstetrics & Gynecology MFM 4, no. 2
(March 2022): 100563, https://doi.org/10.1016/j.ajogmf.2022.100563.

23. S. Knights, S. Prasad, E. Kalafat, et al., “Impact of Point-of-Care
Ultrasound and Routine Third Trimester Ultrasound on Undiagnosed
Breech Presentation and Perinatal Outcomes: An Observational Multi-
centre Cohort Study,” PLoS Medicine 20, no. 4 (April 2023): 1004192,
https://doi.org/10.1371/journal.pmed.1004192.

24. A. Sayasneh, J. Preisler, A. Smith, et al., “Do Pocket-Sized Ultra-
sound Machines Have the Potential to Be Used as a Tool to Triage Pa-
tients in Obstetrics and Gynecology?,” Ultrasound in Obstetrics and
Gynecology 40, no. 2 (2012): 145-150, https://doi.org/10.1002/uog.11184.

25. M. Skendi, R. Liard, C. Besacier, et al., “Intrauterine Pregnancy
Detection and Gestational Age Assessment During Early Pregnancy by a
Handheld Point-of-Care Ultrasound Device Compared to a High-End
Ultrasound System. An Accuracy and Reliability Study,” POCUS Jour-
nal 7, no. 2 (2022): 225-231, https://doi.org/10.24908/pocus.v7i2.15458.

26. S. Galjaard, S. Baeck, L. Ameye, T. Bourne, D. Timmerman, and R.
Devlieger, “Use of a Pocket-Sized Ultrasound Machine (PUM) for
Routine Examinations in the Third Trimester of Pregnancy,” Ultrasound
in Obstetrics and Gynecology 44, no. 1 (July 2014): 64-68, https://doi.org/
10.1002/u0g.13285.

27. C. B. Leggett, M. Naqvi, T. F. Esakoff, M. A. Diniz, and M. S. Wong,
“Incorporating Personal-Device-Based Point-Of-Care Ultrasound into
Obstetric Care: A Validation Study,” American Journal of Obstetrics and
Gynecology 226, no. 4 (April 2022): 552.e1-552.e6, https://doi.org/10.
1016/j.2j0g.2021.11.031.

28. A. F. Haragan, T. C. Hulsey, A. F. Hawk, R. B. Newman, and E. Y.
Chang, “Diagnostic Accuracy of Fundal Height and Handheld
Ultrasound-Measured Abdominal Circumference to Screen for Fetal
Growth Abnormalities,” American Journal of Obstetrics and Gynecology
212, no. 6 (June 2015): 820.e1-820.e8, https://doi.org/10.1016/j.ajog.
2015.03.042.

29. R. Corroenne, M. Chesnais, C. Khawand, et al., “Physicians’ Per-
ceptions of the Daily Use of a Handheld Ultrasound Device in the Labor
Room,” Journal of Gynecology Obstetrics and Human Reproduction 52,
no. 7 (2023): 102618, https://doi.org/10.1016/j.jogoh.2023.102618.

30. N. Kozuki, L. C. Mullany, S. K. Khatry, et al., “Accuracy of Home-
Based Ultrasonographic Diagnosis of Obstetric Risk Factors by Primary-
Level Health Workers in Rural Nepal,” Obstetrics & Gynecology 128, no.
3 (September 2016): 604-612, https://doi.org/10.1097/a0g.000000000
0001558.

31. B. Amoah, E. A. Anto, P. K. Osei, K. Pieterson, and A. Crimi,
“Boosting Antenatal Care Attendance and Number of Hospital De-
liveries Among Pregnant Women in Rural Communities: A Community
Initiative in Ghana Based on Mobile Phones Applications and Portable
Ultrasound Scans,” BMC Pregnancy and Childbirth 16, no. 1 (2016): 141,
https://doi.org/10.1186/512884-016-0888-x.

32. K. Jemal, D. Ayana, F. Tadesse, et al., “Implementation and Eval-
uation of a Pilot Antenatal Ultrasound Imaging Programme Using Tele-
Ultrasound in Ethiopia,” Journal of Telemedicine and Telecare 30, no. 6
(July 2024): 1005-1016, https://doi.org/10.1177/1357633X221115746.

33. S. Vinayak, J. Sande, H. Nisenbaum, and C. P. Nolsge, “Training
Midwives to Perform Basic Obstetric Point-of-Care Ultrasound in Rural
Areas Using a Tablet Platform and Mobile Phone Transmission
Technology—A WFUMB COE Project,” Ultrasound in Medicine and

14 of 15

Prenatal Diagnosis, 2024

S5USD 1T SUOLULLIOD) A 11810 3| |dde s Ag pausenob afe sajoie YO ‘asn Jo sainJ Joj Akeiq1TauljuQ AS[IAA UO (SUOIIIPUOD-pUe-SWLS)/WO0D A | 1M Afed U1 Uo//:Sdny) SUORIpUOD pue W | 8Yl 89S *[5202/90/8T] Uo Akidiauluo A|IM ‘6299 Pd/Z00T 0T/10p/wod A1 Im: ARlq Ul uo uABgo//sdny wol) papeojumod ‘0 ‘€220.60T


https://doi.org/10.1109/mpul.2011.2181019
https://doi.org/10.1109/mpul.2011.2181019
https://doi.org/10.1258/135763305775124696
https://doi.org/10.1016/j.eururo.2014.11.025
https://doi.org/10.1016/j.eururo.2014.11.025
https://doi.org/10.1055/s-0041-1739352
https://doi.org/10.1186/s12884-020-03532-4
https://doi.org/10.1186/s12884-020-03532-4
https://doi.org/10.3109/14767058.2014.966674
https://doi.org/10.1177/1357633x020080s237
https://www.embase.com/search/results?subaction=viewrecord%26id=L70234873%26from=export
https://www.embase.com/search/results?subaction=viewrecord%26id=L70234873%26from=export
https://doi.org/10.1002/jum.14619
https://doi.org/10.1258/1357633011937290
https://www.embase.com/search/results?subaction=viewrecord%26id=L35617731%26from=export
https://www.embase.com/search/results?subaction=viewrecord%26id=L35617731%26from=export
https://doi.org/10.1002/uog.1987
https://doi.org/10.1089/tmj.2016.0141
https://doi.org/10.1002/ajum.12175
https://doi.org/10.1002/ajum.12175
https://doi.org/10.1089/tmj.2020.0541
https://doi.org/10.3390/jcm12134224
https://doi.org/10.1002/ijgo.15018
https://doi.org/10.1016/j.ajogmf.2022.100563
https://doi.org/10.1371/journal.pmed.1004192
https://doi.org/10.1002/uog.11184
https://doi.org/10.24908/pocus.v7i2.15458
https://doi.org/10.1002/uog.13285
https://doi.org/10.1002/uog.13285
https://doi.org/10.1016/j.ajog.2021.11.031
https://doi.org/10.1016/j.ajog.2021.11.031
https://doi.org/10.1016/j.ajog.2015.03.042
https://doi.org/10.1016/j.ajog.2015.03.042
https://doi.org/10.1016/j.jogoh.2023.102618
https://doi.org/10.1097/aog.0000000000001558
https://doi.org/10.1097/aog.0000000000001558
https://doi.org/10.1186/s12884-016-0888-x
https://doi.org/10.1177/1357633X221115746

Biology 43, no. 10 (October 2017): 2125-2132, https://doi.org/10.1016/j.
ultrasmedbio.2017.05.024.

34. A. Vyas, K. Moran, J. Livingston, et al., “Feasibility Study of Mini-
mally Trained Medical Students Using the Rural Obstetrical Ultrasound
Triage Exam (ROUTE) in Rural Panama,” World Journal of Emergency
Medicine 9, no. 3 (2018): 216, https://doi.org/10.5847/wjem.j.1920-8642.
2018.03.009.

35. A. Dougherty, M. Kasten, M. DeSarno, et al., “Validation of a
Telemedicine Quality Assurance Method for Point-of-Care Obstetric
Ultrasound Used in Low-Resource Settings,” Journal of Ultrasound in
Medicine 40, no. 3 (March 2021): 529-540, https://doi.org/10.1002/jum.
15429.

36. Y. Kodaira, L. Pisani, S. Boyle, et al., “Reliability of Ultrasound
Findings Acquired With Handheld Apparatuses to Inform Urgent Ob-
stetric Diagnosis in a High-Volume Resource-Limited Setting,” Inter-
national Journal of Gynecology & Obstetrics 153, no. 2 (May 2021): 280-
286, https://doi.org/10.1002/ijgo.13475.

37. M. Toscano, T. J. Marini, K. Drennan, et al., “Testing Telediagnostic
Obstetric Ultrasound in Peru: A New Horizon in Expanding Access to
Prenatal Ultrasound,” BMC Pregnancy and Childbirth 21, no. 1 (2021):
328, https://doi.org/10.1186/s12884-021-03720-w.

38. C. Kim, K. Wagle, B. Shrestha, et al., “Perceptions of Service Pro-
viders, Service Recipients and Female Community Health Volunteers on
a Rural Obstetric Ultrasound Program in Rural Nepal: A Qualitative
Study,” BMC Pregnancy and Childbirth 23, no. 1 (2023): 1-13, https://
doi.org/10.1186/512884-023-05876-z.

39. F. Recker, E. Weber, B. Strizek, U. Gembruch, S. C. Westerway, and
C. F. Dietrich, “Point-of-Care Ultrasound in Obstetrics and Gynecol-
ogy,” Archives of Gynecology and Obstetrics 303, no. 4 (2021): 871-876,
https://doi.org/10.1007/s00404-021-05972-5.

40. S. Galjaard, S. Baeck, L. Ameye, T. Bourne, D. Timmerman, and R.
Devlieger, “Use of a Pocket-Sized Ultrasound Machine (PUM) for
Routine Examinations in the Third Trimester of Pregnancy,” Ultrasound
in Obstetrics and Gynecology 44, no. 1 (2014): 64-68, https://doi.org/10.
1002/uo0g.13285.

41. J. O. Swanson, R. O. Nathan, D. L. Swanson, et al., “Use of Ultra-
sound and mHealth to Improve Perinatal Outcomes in Low and Middle
Income Countries,” Seminars in Perinatology 43, no. 5 (2019): 267-272,
https://doi.org/10.1053/j.semperi.2019.03.016.

42. M. N. Bekker, M. P. H. Koster, W. R. Keusters, et al., “Articles Home
Telemonitoring Versus Hospital Care in Complicated Pregnancies in the
Netherlands: A Randomised, Controlled Non-Inferiority Trial (HoTeL),”
Lancet Digital Health 5, no. 3 (2023): e116-e124, https://doi.org/10.1016/
$2589-7500(22)00231-x.

43. E. Kalafat, C. Benlioglu, B. Thilaganathan, and A. Khalil, “Home
Blood Pressure Monitoring in the Antenatal and Postpartum Period: A
Systematic Review Meta-Analysis,” Pregnancy Hypertension 19 (January
2020): 44-51, https://doi.org/10.1016/j.preghy.2019.12.001.

44. E. C. Constantinescu, C. Nicolau, and A. Siftoiu, “Review Recent
Developments in Tele-Ultrasonography,” Current Health Sciences Jour-
nal 44, no. 2 (2018): 101-106.

45. M. Erlick, T. Marini, K. Drennan, et al.,, “Assessment of a Brief
Standardized Obstetric Ultrasound Training Program for Individuals
Without Prior Ultrasound Experience,” Ultrasound Quarterly 39, no. 3
(September 2023): 124-128.

Supporting Information

Additional supporting information can be found online in the Sup-
porting Information section.

15 of 15

S5USD 1T SUOLULLIOD) A 11810 3| |dde s Ag pausenob afe sajoie YO ‘asn Jo sainJ Joj Akeiq1TauljuQ AS[IAA UO (SUOIIIPUOD-pUe-SWLS)/WO0D A | 1M Afed U1 Uo//:Sdny) SUORIpUOD pue W | 8Yl 89S *[5202/90/8T] Uo Akidiauluo A|IM ‘6299 Pd/Z00T 0T/10p/wod A1 Im: ARlq Ul uo uABgo//sdny wol) papeojumod ‘0 ‘€220.60T


https://doi.org/10.1016/j.ultrasmedbio.2017.05.024
https://doi.org/10.1016/j.ultrasmedbio.2017.05.024
https://doi.org/10.5847/wjem.j.1920-8642.2018.03.009
https://doi.org/10.5847/wjem.j.1920-8642.2018.03.009
https://doi.org/10.1002/jum.15429
https://doi.org/10.1002/jum.15429
https://doi.org/10.1002/ijgo.13475
https://doi.org/10.1186/s12884-021-03720-w
https://doi.org/10.1186/s12884-023-05876-z
https://doi.org/10.1186/s12884-023-05876-z
https://doi.org/10.1007/s00404-021-05972-5
https://doi.org/10.1002/uog.13285
https://doi.org/10.1002/uog.13285
https://doi.org/10.1053/j.semperi.2019.03.016
https://doi.org/10.1016/s2589-7500(22)00231-x
https://doi.org/10.1016/s2589-7500(22)00231-x
https://doi.org/10.1016/j.preghy.2019.12.001

	The Potential of Tele‐Ultrasound, Handheld and Self‐Operated Ultrasound in Pregnancy Care: A Systematic Review
	1 | Introduction
	2 | Methods
	2.1 | Eligibility Criteria, Information Sources, Search Strategy
	2.2 | Data Extraction and Analysis

	3 | Results
	3.1 | Study Selection
	3.2 | Study Characteristics and Quality Assessment
	3.3 | Tele‐Ultrasound Services
	3.4 | Patient‐Operated Ultrasound
	3.5 | Handheld Ultrasound Devices
	3.6 | Low‐ and Middle‐Income Countries
	3.7 | Patient and Caregiver Experiences

	4 | Discussion
	4.1 | Principal Findings
	4.2 | Comparison With Previous Literature
	4.3 | Study Limitations and Strengths
	4.4 | Implications and Conclusion

	5 | Conclusions
	Acknowledgments
	Ethics Statement
	Consent
	Conflicts of Interest
	Data Availability Statement


