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Abstract 

Background  For decades, antenatal care in high-resource settings has involved 12–14 face-to-face visits across preg-
nancy. The COVID-19 pandemic forced many care providers to rapidly embrace telehealth to reduce face-to-face 
visits. Here we review recent advances in telehealth used to provide antenatal care.

Main body  We conducted a narrative review examining the impact of telehealth on obstetric care. Two broad types 
of telehealth are used in antenatal care. The first is real-time telehealth, where consultations are done virtually instead 
of face-to-face. The second is remote monitoring, where in-clinic physical examinations are replaced with at-home 
alternatives. These can include blood pressure monitoring, fetal heart rate monitoring, and emerging technolo-
gies such as tele-ultrasound. Large cohort studies conducted during the pandemic era have shown that telehealth 
appears not to have increased adverse clinical outcomes for mothers or babies. However, further studies may be 
required to confidently conclude rare outcomes are unchanged, such as maternal mortality, serious morbidity, or still-
birth. Health economic studies suggest telehealth has the potential to reduce the financial cost of care provision. 
Telehealth in antenatal care seems to be acceptable to both pregnant women and healthcare providers.

Conclusion  Adoption of telehealth technologies may improve the antenatal care experience for women and reduce 
healthcare expenditure without adversely impacting health outcomes for the mother or baby. More studies are war-
ranted to confirm telehealth does not alter the risk of rare outcomes such as maternal or neonatal mortality.

Keywords  Telehealth, Pregnancy, Antenatal care, Obstetrics, Cost-effectiveness, Maternal outcomes, Neonatal 
outcomes, Consumer satisfaction, Ambulatory blood pressure monitoring

Background
First developed in the 1800s, antenatal care aims to detect 
and manage pregnancy complications and monitor the 
wellbeing of the mother and baby [1, 2]. Prior to this, 
essentially no additional care was offered to pregnant 
women and many only sought midwifery or obstetric 

care at the onset of labour. The introduction of antenatal 
care was associated with dramatic reductions in maternal 
and neonatal mortality [3, 4]. Following the widespread 
implementation of routine antenatal care across the 
United States in the early 1900s, infant mortality declined 
by over 90% and maternal deaths fell by 99% [5].

In most high-income settings, the traditional model 
of antenatal care involves 12–14 face-to-face vis-
its with physical examination [2]. These examinations 
typically encompass blood pressure monitoring to 
screen for hypertensive disorders, auscultation of the 
fetal heart, and measurement of the symphysis fundal 
height to assess fetal growth (with selective referrals for 
ultrasound).
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In 2020, the onset of the COVID-19 pandemic forced 
many medical specialties to rethink their approach to 
outpatient care in a bid to reduce face-to-face contact. 
This instigated a rapid shift towards telehealth [6–8]. In 
antenatal care, telehealth has various hypothetical ben-
efits, including reduced economic burden and increased 
system efficiency [9]. Importantly, it may be more con-
venient for pregnant women [9]. However, the use of 
telehealth replaces direct physical examination, and this 
raises safety concerns — it may result in a lesser quality 
of clinical care which puts women at increased risk of 
adverse pregnancy outcomes [10]. It is therefore possible 
that the rapid implementation of telehealth could lead to 
complications being missed (or diagnoses delayed), and 
an increased rate of adverse outcomes.

There are no comprehensive, up-to-date reviews of the 
impact of telehealth on antenatal care in high-income 
settings. This review aims to bridge this gap and provide 
a narrative overview of a topical subject. We conducted 
a search of PubMed and MEDLINE in March 2023 for 
the key words ‘antenatal’, ‘obstetrics’, ‘prenatal’, ‘mater-
nity care’, ‘telehealth’, and ‘telemedicine’. Databases were 
searched from inception until 10 March 2023. Our search 
identified 7048 papers. After excluding duplicate records, 
5125 papers were manually screened for inclusion. Com-
plete search strategies are included in Additional file  1: 
Table  S1 and Additional file  2: Table  S2. We aimed to 
review the contemporaneous shift to telehealth with the 
emergence of the COVID-19 pandemic. Therefore, we 
focused our literature search primarily (but not exclu-
sively) on papers published between January 2020 and 
March 2023.

Papers were considered for inclusion if they provided 
data or commentary on one of the following aspects of 
telehealth in antenatal care: models of telehealth, clini-
cal safety, cost-analyses, or consumer satisfaction. Papers 
were grouped according to their theme(s). Results were 
synthesised based on overarching trends, which became 
evident through our review of the literature.

We first describe the different telehealth technologies 
available for antenatal care. We then review the litera-
ture on safety  —  whether the use of telehealth impacts 
the risk of adverse pregnancy outcomes. We finally 
examine health economic analyses and studies assessing 
the acceptability of telehealth to pregnant women and 
healthcare providers.

Models of telehealth in antenatal care
Telehealth in antenatal care can be classified into two 
categories: real-time and remote monitoring. ‘Real-time’ 
telehealth is designed to replace some (but not all) face-
to-face consultations and involves phone calls or video 
conversations between the pregnant woman and their 

clinician [11]. Remote monitoring involves the use of 
technology to replace aspects of the physical examina-
tions that occur during clinic visits, including some fetal 
monitoring and investigations. The most basic types 
are blood pressure monitoring and recording the fetal 
heart rate (via home Doppler) [12]. There are also more 
advanced remote monitoring techniques used to replace 
investigations, such as ‘at home’ cardiotocograph moni-
toring and even an emerging technology called ‘tele-
ultrasound’ to replace in-person ultrasound assessment 
[12, 13].

Currently, the American College of Obstetricians 
and Gynecologists (ACOG) is the only major obstet-
ric authority to have published guidance on the models 
of telehealth. ACOG defines telehealth models as either 
‘synchronous’ (equates to real-time), ‘asynchronous’ 
(sending medical imaging to specialists for later interpre-
tation), or remote monitoring [14].

Real‑time telehealth
The COVID-19 pandemic accelerated the uptake of real-
time telehealth in antenatal care [15–21]. The general 
approach has been to continue the existing number of 
antenatal visits (12–14 appointments) but replace a vari-
able number of in-person visits with virtual ones [15–21]. 
In most models, face-to-face visits are scheduled at key 
gestations across pregnancy. This typically includes the 
first visit, at 28 weeks, and at 36 weeks’ gestation (these 
are milestone visits, where there is often more involved 
planning for pregnancy and birth than other visits). 
Below we describe two models to provide examples, but 
many variations have been reported (see Table 1).

Peahl et al. [17] described the implementation of the 
4-1-4 model at the University of Michigan, tailored for 
low-risk pregnancies [17]. This model involves 4 in-
person visits (the first visit at 8 weeks, then 28, 36, and 
39 weeks’ gestation), 1 ultrasound (19 weeks’ gestation), 
and 4 virtual visits (at 16, 24, 32, and 38 weeks’ gesta-
tion) (Fig.  1). The authors note that pregnant women 
and their practitioners appreciated the benefits of a 
hybrid model [17].

Palmer et  al. [20] implemented a similar model. The 
team devised protocols with a different number of tele-
health visits for low-risk (midwifery-led, shared care, or 
collaborative care) and high-risk pregnancies (obstetric 
specialist-led). Their low-risk model involves 6 telehealth 
(at intake, then 16, 22, 31, 34, and 38 weeks’ gestation) 
and only 3 in-person visits (at 28, 36, and ≥ 40 weeks’ 
gestation) (Fig.  1). Their high-risk model involves 5 tel-
ehealth (midwifery intake, obstetrician intake, and 22, 
31, and 34 weeks’ gestation) and 5 in-person visits (at 16, 
29, 36, 38, and ≥ 40 weeks’ gestation) (Fig. 2) [20]. While 
these models were initially developed to accommodate 
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COVID-19 social distancing requirements, the authors 
note that they will be used at their centre beyond the 
pandemic due to their success [20].

Remote monitoring
We also have the option to integrate remote monitor-
ing technologies to replace direct physical examination, 
so the entire consultation can be virtual. Remote moni-
toring is made possible through the use of wearable or 
portable devices. These collect health and biometric data 
from pregnant women which are transmitted to their 
healthcare providers (Fig. 3). Remote monitoring of vari-
ous parameters such as blood pressure, fetal heart rate, 
and fetal growth (via tape measure) has been shown to 
be as accurate as in-clinic assessment by the health care 
provider [15, 18, 20, 21].

Remote blood pressure monitoring
At-home blood pressure monitoring (or ambulatory 
blood pressure monitoring) is used routinely by other 
disciplines and may be better than in-clinic monitoring at 
detecting masked hypertension and reducing white-coat 
hypertension [24]. This is because it side-steps ‘white-
coat hypertension’, where the blood pressure is artificially 

elevated from baseline due to the stress of visiting the 
clinic.

A systematic review published in 2018 suggested there 
was little difference between in-clinic and at-home blood 
pressure readings during pregnancy [25]. Recent large tri-
als have reported similar findings. In a secondary analysis 
of the OPTIMUM-BP randomised trial (which compared 
self-monitoring of blood pressure with standard care in 
the United Kingdom), Bowen et al. [26] showed that 91 
women with gestational hypertension or preeclampsia 
could successfully record their own blood pressure with 
little variation from in-clinic readings [27]. In the BUMP 
2 randomised trial, which included 850 pregnant women, 
Chappell et al. [28] concluded that blood pressure read-
ings in the home monitoring and usual care (clinic read-
ings) groups were similar.

Fetal heart rate monitoring
Monitoring the fetal heart rate by Doppler, or fetal heart 
rate patterns by cardiotocography, may also be per-
formed remotely. Porter et al. [29] demonstrated the util-
ity of HeraBEAT, a handheld fetal Doppler device which 
can be used by women to find and measure their baby’s 
heartbeat and transmit data to clinicians in real time. The 
device uses a smartphone interface to guide women on 

Fig. 1  Schedule of antenatal visits for low-risk antenatal telehealth models. Schedule of face-to-face and telehealth visits for three antenatal 
telehealth models for low-risk pregnancies (Peahl et al. [17], in green; Palmer et al. [20], in red; Fryer et al. [18], in orange), compared 
with the standard antenatal care schedule (in blue)
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its use. Porter et  al. demonstrated that data from these 
devices were equivalent to those recorded in clinics 
[29]. They suggest that this would allow these devices to 
be used in telehealth consultations, in place of clinician 
measurement. The HeraBEAT device is already available 
to be used in the clinic [30, 31].

However, concerns have been raised about listening to 
the fetal heart rate at home. It has been suggested that 
in the situation of reduced fetal movements, women may 
be falsely reassured by simply detecting a fetal heart-
beat [32]. This may falsely reassure  women and stop 
them  from urgently seeking further  care [32]. In such 
situations, detecting a fetal heartbeat is not sufficient: 
women should have a full cardiotocograph assessment to 
more confidently rule out acute fetal hypoxia [33].

The HeraBEAT device may also be used to record con-
tinuous traces over several minutes, with comparable 
results to cardiotocographs done at a hospital visit [29]. 
Other remote cardiotocograph devices are currently on 
the market [34–36]. One such device, the iCTG from 
Melody International, has been shown accurately to 
monitor fetal heart rate patterns in pregnancies com-
plicated by fetal growth restriction [36]. In the recently 
published HoTeL trial, Bekker et al. [37] randomised 201 
high-risk women to hospital care or remote monitoring 

(at-home cardiotocography using the Sense4Baby system 
[ICT Healthcare Technology Solutions, Netherlands] and 
blood pressure monitoring). Bekker et  al. demonstrated 
that remote monitoring was non-inferior to hospital 
admission for high-risk women (including pregnancies 
complicated by preeclampsia, fetal growth restriction, 
preterm rupture of membranes, gestational diabetes, 
fetal anomalies, and imminent preterm birth) [37].

Given the different indications for fetal Doppler and 
cardiotocograph, women should receive individualised 
counselling on using these devices and use them primar-
ily during telehealth appointments under clinician super-
vision [32].

Self‑measured symphysial fundal height
Palmer et  al. [20] employed self-measured symphysial-
fundal height supported by educational material within 
their telehealth model. Bergman et al. [38] had previously 
demonstrated the feasibility of this technique. Berg-
man et al. found there was greater individual variance in 
measurements from pregnant women than midwives, but 
this could be overcome by asking women to take multiple 
measurements at each visit [38]. During the telehealth 
period, Palmer et al. saw a rate of undetected fetal growth 
restriction of 24% for low-risk pregnancies and 5% for 

Fig. 2  Schedule of antenatal visits for high-risk pregnancy telehealth models. Schedule of face-to-face and telehealth visits for two antenatal 
telehealth models for high-risk pregnancies (Palmer et al. [20], in red; Aziz et al. [15], in yellow), compared with the standard antenatal care schedule 
(in blue)
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high-risk pregnancies. This was not significantly different 
from the conventional care period (24% low-risk and 11% 
high-risk), which indicates that self-measured symphy-
sial-fundal height may be as accurate as in-clinic meas-
urements in detecting poor fetal growth [20].

Tele‑ultrasound
Emerging technology is now allowing ultrasound exami-
nations to be conducted remotely. Known as tele-ultra-
sound, this technology was previously used in rural areas 
so inexperienced sonographers could be supervised 
remotely [39]. In recent years, trials have explored self-
operated tele-ultrasound, where women perform ultra-
sounds on themselves at home and transmit the data to 
their clinical team (see Fig. 4).

Hadar et  al. [40] recently performed an observational 
study of tele-ultrasound, supplying women with self-
operated tele-ultrasound devices to assess their fetus’ 
biophysical profile. Components of the biophysical profile 
include parameters such as fetal tone, breathing, move-
ment, and amniotic fluid volume, which are captured by 
ultrasound. An abnormal biophysical profile has a strong 

association with many adverse perinatal outcomes (sug-
gesting a low score reflects poor fetal health) [41].

Hadar et  al.  used the INSTINCT ultrasound device, 
developed by PulseNmore (Omer, Israel) [40]. The 
device attaches to the woman’s mobile phone so they 
can see the ultrasound images on their screen and 
transmit videos to their clinicians [40]. Women per-
form their first ultrasound under the guidance of an 
experienced technician. They perform the scan in six 
segments to measure the biophysical profile  —  each 
accompanied by an instructional video telling women  
where to place the device and how to move it across the 
abdomen [40]. Women can perform these scans at home 
to monitor fetal wellbeing as often as clinically directed.

Among 100 women undertaking 1360 scans, the 
fetal heart activity was detected successfully 95.3% of 
the time [40]. Success in detecting each component of 
the biophysical profile varied: normal amniotic fluid 
volume (92.2%), body movements (88.3%), fetal tone 
(69.4%), and fetal breathing movements (23.8%) [40, 
41]. Our search identified no studies utilising patient-
operated tele-ultrasound to estimate fetal weight, which 
may be an avenue for future research and development.

Fig. 3  Summary of the main remote monitoring technologies currently used in antenatal care
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Clinical safety
It is important to examine safety outcomes when 
replacing face-to-face visits and physical examinations 
with telehealth. There is concern that this change in 
practice may compromise care, particularly if diagnoses 
are delayed or missed. For example, missing diagnoses 

of preeclampsia or fetal growth restriction could lead  
to rare but serious adverse maternal and perinatal out-
comes, such as eclampsia, maternal morbidity or mortality, 
and stillbirth [42–44]. Appropriately powered studies are 
necessary to ensure that the implementation of telehealth 
does not compromise maternal or neonatal safety.

Fig. 4  Self-recorded tele-ultrasound (adapted from Hadar et al. [40])
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Obstetric outcomes
Preeclampsia and gestational hypertension
In a meta-analysis comparing telehealth (both remote 
monitoring and real-time) with conventional care among 
women with high-risk pregnancies, no increased risk 
of hypertension, preeclampsia, or eclampsia was found 
(odds ratio [OR] 0.90 [95% confidence interval (CI) 0.62, 
1.29], p = 0.59; N = 1 285) [45].

In their large, retrospective analysis of 22,323 preg-
nancies, Palmer et  al. [20] compared conventional care 
(pre-COVID-19) with real-time telehealth and remote 
monitoring (during COVID-19). Reassuringly, they 
observed no difference in rates of preeclampsia for low-
risk (3% vs 3%, p = 0.70) or high-risk (7% vs 9%, p = 0.15) 
women between conventional care and telehealth peri-
ods [20]. The authors also completed a follow-up analy-
sis after 12 months of telehealth in their centre and again 
reported no difference in rates of preeclampsia [46].

Similarly, Duryea et  al. [22] conducted a cohort study 
of 12,067 women and compared pre-pandemic conven-
tional care with pandemic-era telehealth (audio-only 
visits). They saw a slight decrease in rates of gestational 
hypertension (adjusted risk ratio [aRR] 0.93 [95% CI 0.86, 
0.99], p = 0.10) but no change in rates of severe preec-
lampsia (aRR 0.99 [95% CI 0.89, 1.09], p = 0.85) [22].

Taken together with the studies on the accuracy of 
home blood pressure monitoring, it seems the litera-
ture reassuringly suggests monitoring blood pressure 
at home does not compromise the timely diagnosis of 
preeclampsia.

Fetal growth restriction
In their meta-analysis of 230,000 high-risk pregnancies, 
Güneş Öztürk et  al. [45] noted no increase in the rates 
of fetal growth restriction among women who received 
telehealth (real-time or remote monitoring) compared 
with conventional care. However, only two included stud-
ies reported on this outcome and numbers were there-
fore small (OR 1.46 [95% CI 0.59, 2.91], p = 0.51; N = 305). 
Palmer et al. [20] also observed no difference in rates of 
fetal growth restriction (birthweight < 10th centile) in 
low-risk (10% vs 10%, p = 0.71) or high-risk (14% vs 13%, 
p = 0.55) pregnancies after implementing telehealth, 
which included self-measured symphysial fundal height.

Importantly, Palmer et  al. saw no difference in the 
rates of undetected fetal growth restriction in their ini-
tial analysis (defined as the proportion of  babies born 
with a birthweight < 3rd centile after 40 weeks’ gesta-
tion, compared with all babies born <3rd centile after 
32 weeks’ gestation) [20]. They also observed no differ-
ence in the rates of undetected fetal growth restriction 
during their 12-month follow-up analysis for low-risk 

(20.6% telehealth vs 28.6% conventional care, p = 0.12) 
or high-risk (8.5% vs 10.2%, p = 0.72) models [46]. In 
a retrospective study of 2641 women, Soffer et al. [47] 
similarly found no change in the rates of undetected 
fetal growth restriction  (defined as an infant <10th 
centile without an antenatal  diagnosis of fetal growth 
restriction) (61.7% conventional care vs 64.4% tel-
ehealth by phone or video, p = 0.76).  Soffer et  al. also 
noted that the median age of diagnosis did not differ 
between conventional care (36 weeks) and telehealth 
(37 weeks, p = 0.44) [47].

Hence, large cohort studies have reassuringly con-
cluded replacing intensive clinic visits to measure sym-
physial-fundal height with telehealth has not led to 
increased rates of undiagnosed fetal growth restriction.

Preterm birth
Güneş Öztürk et al. reported no increased risk of preterm 
birth across five studies (OR 0.65 [95% CI 0.38, 1.13], 
p = 0.13; n = 928) [45]. In a systematic review (without 
meta-analysis), Ghimire et al. [48] reported no increased 
risk in the rates of preterm birth from four studies exam-
ining real-time telehealth. In the HoTeL randomised trial, 
Bekker et al. [37] reported no increased risk of preterm 
birth among high-risk pregnancies utilising remote mon-
itoring, compared with in-hospital monitoring (risk dif-
ference [RD] −0.090 [95% CI −0.225, 0.045], N = 201).

Although evidence is limited, some studies have indi-
cated that telehealth may even be associated with a 
decreased risk of preterm birth. In their interrupted 
time-series model, Palmer et al. saw a significant reduc-
tion in preterm birth among high-risk pregnancies 
(0.68% reduction each week [95% CI −1.37%, −0.002%], 
p = 0.049) [20]. This association was not present in their 
main analysis, or among low-risk pregnancies [20]. The 
association was also not present in their 12-month fol-
low-up [46]. Duryea et al. observed a similar trend when 
stratifying by number of telehealth visits (10.2% conven-
tional care; 9.1% with 1 telehealth visit; 7.1% with 2 tel-
ehealth visits; 8.1% with 3 telehealth visits; p < 0.001) [22].

It is important to note that both Palmer et al. and Dur-
yea et al. conducted their studies during the COVID-19 
pandemic and compared outcomes with pre-pandemic 
data. It has been established that COVID-19 lockdown 
measures were associated with reduced preterm birth 
rates, which may account for the reductions seen [49, 50]. 
However, in their pre-pandemic meta-analysis of women 
with gestational diabetes, Xie et  al. [51] also found that 
telehealth was associated with a decreased incidence of 
preterm birth (risk ratio [RR] 0.27 [95% CI 0.20, 0.35], 
p < 0.01) [51].
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The reasons for this association, if true, remain unclear. 
Delayed diagnosis and reduced intervention for sus-
pected maternal or fetal compromise is a plausible con-
tributor to a reduction in iatrogenic preterm birth [50]. 
This highlights the importance of including all potential 
downstream outcomes (e.g. stillbirth), when evaluating 
the overall safety and efficacy of telehealth.

Diabetes
Among diabetic women, telehealth is associated with 
similar, or even improved, outcomes. In their meta-anal-
ysis of 5108 women with gestational diabetes, Xie et  al. 
showed that telehealth (real-time or remote monitor-
ing) was associated with improved glycated haemoglobin 
(HbA1c) (mean difference [MD] −0.70% [95% CI −1.05, 
−0.34], p < 0.01), reduced 2-h postprandial blood glucose 
(MD −1.03mmol/L [95% CI −1.83, −0.23], p = 0.01), and 
reduced fasting blood glucose (MD −0.52mmol/L [95% 
CI −0.81, −0.24], p < 0.01) [51]. Diabetic women receiv-
ing telehealth also had lower rates of caesarean section, 
premature rupture of membranes, preeclampsia, and 
polyhydramnios [51]. Systematic reviews from Germany, 
the UK, and Singapore have also shown improved HbA1c 
control among women who used telehealth, while a sys-
tematic review from Denmark showed no difference in 
maternal outcomes [52–55].

In their 12-month follow-up analysis, Palmer and col-
leagues saw that significantly more women were diag-
nosed with gestational diabetes during the telehealth 
period (25.1% low risk; 34.0% high risk) compared with 
conventional care (22.2% low risk [p < 0.001]; 28.7% high 
risk [p < 0.001]) [46]. However, there were no differences 
in the rates of large for gestational age babies, or the 
number of women treated with insulin [46]. COVID-19 
pandemic restrictions in Melbourne (the setting of the 
study by Palmer et al. [46]) have also been shown to be 
associated with increased prevalence of gestational dia-
betes, and this possibly accounts for their findings [56].

Caesarean section
Güneş Öztürk et al. found that telehealth was associated 
with a non-significant reduction in emergency caesar-
ean section rates (OR 0.54 [95% CI 0.29, 1.00], p = 0.05; 
n = 648) [45]. Ghimire et al. reported no increase in cae-
sarean section from four studies, and Duryea et al. found 
no significant difference in caesarean section rates when 
adjusting for race and body mass index in their study 
(aRR 1.03 [95% CI 0.98, 1.09], p = 0.03) [22, 48]. How-
ever, Duryea et  al. did report an increase in the rate of 
primary caesarean section (aRR 1.10 [95% CI 1.01, 1.21], 
p = 0.01) [22]. In the HoTeL randomised trial, Bekker 
et al. reported no increased risk of caesarean section dur-
ing labour (RD −0.010 [95% CI −0.108, 0.088], n = 201), 

when comparing telemonitoring (blood pressure and car-
diotocograph) with hospital admission [37].

Birth interventions
Güneş Öztürk et al. reported that high-risk women who 
received telehealth were more likely to undergo labour 
induction  —  48.5% in the telehealth group compared 
with 35.2% in the control group (OR 1.94 [95% CI 1.26, 
2.99], p = 0.003; N = 356) [45]. While the OR seems high, 
only two studies reported on this outcome, so num-
bers were small. They also reported that women had no 
increased risk of instrumental birth (OR 1.44 [95% CI 
0.95, 2.18], p = 0.09; N = 1020) or episiotomy (OR 1.04 
[95% CI 0.49–2.20], p = 0.93; N = 244) [45]. Duryea et al. 
reported no difference in the rates of spontaneous vagi-
nal birth in their cohort (aRR 0.99 [95% CI 0.96, 1.01], 
p = 0.11) [22].

Birth complications
In their meta-analysis, Güneş Öztürk et  al. reported no 
increased risk of shoulder dystocia (OR 4.13 [95% CI 
0.46, 37.34], p = 0.21; N = 607), major perineal trauma 
(OR 3.00 [95% CI 0.31, 29.48], p = 0.35; N = 278), prema-
ture rupture of membranes (OR 0.88 [95% CI 0.45, 1.72], 
p = 0.71; N = 268), or postpartum haemorrhage (OR 0.53 
[95% CI 0.05, 6.15], p = 0.61; N = 69) for women receiv-
ing telehealth [45]. Duryea et al. saw no difference in the 
incidence of postpartum haemorrhage (aRR 1.04 [95% CI 
0.93, 1.16], p = 0.26) or hysterectomy (aRR 0.53 [95% CI 
0.27, 1.04], p = 0.07) [22]. In fact, they reported a signifi-
cant decrease in the rate of shoulder dystocia (aRR 0.48 
[95% CI 0.26–0.91], p = 0.02) [22].

Maternal mortality
Perhaps because of the rarity of maternal mortality in 
high-income settings, few studies have reported on this 
outcome [57]. A single study of 228,349 high-risk preg-
nancies from Hangzhou, China, reported that telehealth 
(online education) resulted in a lower maternal mortal-
ity rate, compared with standard care (4.19 per 100,000 
vs 5.19 per 100,000; p < 0.05) [58]. This telehealth model 
included online education and advice and was conducted 
before the COVID-19 pandemic [58]. We did not identify 
any other studies from high-income settings examining 
this outcome, highlighting a need for further research.

Fetal and neonatal outcomes
Fetal parameters
Reported fetal and neonatal outcomes are generally 
unchanged with telehealth. In their meta-analysis, Güneş 
Öztürk et al. demonstrated no difference in fetal parame-
ters such as small for gestational age, large for gestational 
age, or fetal macrosomia [45]. Palmer et al. also reported 



Page 11 of 17Atkinson et al. BMC Medicine          (2023) 21:332 	

no difference in rates of macrosomia in low-risk diabetic 
(11% vs 9%, p = 0.10) or high-risk diabetic (16% vs 17%, 
p = 0.79) pregnancies [20]. Bekker et al. also reported no 
increased risk of small for gestational age or congenital 
anomalies [37].

Neonatal outcomes
Güneş Öztürk et al. showed no difference between telehealth  
and conventional care for neonatal complications. These 
included low 5-min Apgar score < 7 (OR 0.54 [95% CI 
0.14, 2.14], p = 0.38; N = 236], respiratory distress syn-
drome (OR 0.65 [95% CI 0.38, 1.13], p = 0.99; N= 928), 
hypoglycaemia (OR 1.18 [95% CI 0.74, 1.87], p = 0.48; 
n = 701), and hyperbilirubinemia (OR 0.86 [95% CI 0.48, 
1.54], p = 0.61; N = 583) [45]. Other studies have sup-
ported these findings, in addition to no increased risk of 
neonatal asphyxia or low umbilical cord pH [20, 22, 37, 
45, 59–62].

Palmer et al. saw no increased risk of Neonatal Inten-
sive Care Unit (NICU) admission among low-risk preg-
nancies (2% vs 2%, p = 0.60); however, there was an 
increased risk among high-risk pregnancies receiving 
telehealth (15% vs 18%, p = 0.01) [20]. Interestingly, this 
result was reversed in their 12-month follow-up, with 
NICU admission declining after telehealth integration 
[46]. Duryea et  al. showed no difference in the rates of 
NICU admission among full-term infants (aRR 1.03 [95% 
CI 0.78, 1.36], p = 0.78), and Güneş Öztürk et  al. dem-
onstrated no difference in NICU or special care nursery 
admissions [22, 45].

Stillbirth and neonatal mortality
There are conflicting reports on the impact of telehealth 
on perinatal deaths. These events are rare, so small num-
bers preclude confident risk assessment. Duryea et  al. 
reported no increased rate of stillbirth with virtual care 
(aRR 0.80 [95% CI 0.50, 1.29], p = 0.32) [22]. However, 
the overall incidence was low (29 [0.5%] in the telehealth 
group vs. 40 [0.6%] in the conventional care group) [22]. 
Palmer et  al. also saw no increase in rates of stillbirth, 
but were again limited by low incidence (11 [1%] in the 
telehealth group vs. 105 [1%] in the conventional care 
group) [20]. They also observed no difference in over-
all stillbirth rates in their follow-up analysis (0.78% vs 
0.81%, p = 0.81) [46].

In a state-wide analysis from Victoria, Australia, during 
the first year of the COVID-19 pandemic, Hui et al. [50] 
found an increased risk of preterm stillbirth (adjusted 
odds ratio [aOR] 1.49 [95% CI 1.08, 2.05], p = 0.015; 
N = 74,834 births). Of note, there were also reduced  
iatrogenic preterm births during COVID lockdown in 
Melbourne (Victoria), Australia [50]. It is plausible then 

that these observations are explained by the fact that 
missed diagnoses reduced timely iatrogenic birth to 
prevent cases of stillbirth. Although they did not exam-
ine the effect of telehealth specifically, there was a rapid 
increase in antenatal telehealth in Australia during the 
study period [50]. This potential association warrants 
further investigation.

In a retrospective analysis of 400 high-risk pregnancies, 
Zizzo et al. [63] reported no neonatal deaths attributable 
to telehealth (all were secondary to other causes). Güneş 
Öztürk et  al. saw no increased risk of neonatal mortal-
ity (OR 0.69 [95% CI 0.17, 2.77], p = 0.60; N = 228,469); 
however, this result was heavily influenced by a single 
population study [45, 58]. Given the rarity of stillbirth 
and neonatal mortality in high-resource settings, further 
investigation is warranted.

In summary, the studies thus far have not found tel-
ehealth is associated with increased risks of adverse 
obstetric or neonatal events. More studies are required to 
investigate rare outcomes.

Cost‑effectiveness
Global cost‑benefit
There are few studies on the cost-effectiveness of ante-
natal telehealth. However, existing research has been 
generally positive. Van den Heuvel et  al. [64] con-
ducted a cost-analysis of their study involving a digital 
health platform and remote monitoring to reduce face-
to-face antenatal visits for women at increased risk 
of preeclampsia. They found their telehealth model 
was associated with an average saving of 19.7% (USD 
$844.30 per woman) when compared with traditional 
antenatal care [64].

In their randomised trial, Bekker et al. [37] found sig-
nificant cost-benefit. High-risk women were randomised 
to receive remote monitoring (blood pressure and cardi-
otocography) or hospital admission. The mean total cost 
per participant for the remote monitoring group was 
$20,393 USD, compared with $28,459 USD for the hospi-
tal group [37]. This decline in costs was largely driven by 
the significant reduction of admitted days for the remote 
monitoring group.

Among pregnant women with pre-existing diabetes, 
Sung et al. [65] demonstrated that telehealth, compared 
with in-person antenatal care, saved an average of $2,798 
per woman. While Theiler et al. [66] found that the OB-
Nest reduced-visit model (8 in-person visits and 6 virtual 
nursing visits) was associated with higher nursing costs, 
the overall cost to providers was reduced. Cost analyses 
of telehealth in other medical specialties have all pointed 
towards cost-benefits [67, 68].
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Consumer satisfaction
Patient satisfaction
Satisfaction with antenatal telehealth among pregnant 
women has been consistently high across various studies. 
In a recent systematic review, Konnyu et  al. [69] exam-
ined 251 pregnant women’s experiences with telehealth. 
The authors identified several themes in their analysis, 
including concerns that telehealth may lead to less timely 
information, concerns about taking on more personal 
responsibility with reduced visit schedules, and con-
cerns about safety [69]. However, they also reported that 
women believed telehealth could be tailored to suit their 
needs better than traditional care [69].

Ghimire et al. [48] conducted a much larger systematic 
review of women’s experiences. Their review included 
23 studies from 2011 to 2021 with over 15,000 preg-
nant women [48]. They identified that women preferred 
video conferencing over telephone; that women preferred 
communicating in their own language; that technology 
needed to be straightforward, flexible, and user-friendly; 
and that women felt telehealth should be cheaper than 
traditional care [48]. Women showed a strong preference 
towards a mixed model of in-person and virtual visits, 
and multiparous women preferred virtual care [48].

Ghimire et al. identified several barriers to care, includ-
ing a lack of consistent and high-speed Internet; low 
technology literacy;  language challenges;  privacy con-
cerns; and lack of empathy [48]. Other studies have also 
noted difficulties with technology and lack of connec-
tion with clinicians as limitations of telehealth [70–83]. 
Enablers identified by Ghimire et  al. included increased 
access to care; reduced absence from work/reduced 
travel time; increased self-management skills; cost-ben-
efits; minimised exposure to COVID-19 pandemic; and 
increased confidence and connection [48].

In their observational study of tele-ultrasound, Hadar 
et  al. [40] examined 100 women’s experience with the 
service. Women were asked to complete a questionnaire 
after the study, and the average rating for user experience 
was 4.4/5 (standard deviation [SD] 0.6), while the average 
rating for user satisfaction was 3.9/5 (SD 1.2), indicating 
that women were generally satisfied with the service and 
found it easy to use [40].

Stress and anxiety among telehealth users
Attending antenatal appointments is an important part of 
the pregnancy journey for expectant parents [84]. A 2022 
thematic analysis of 507 expectant parents conducted in 
the UK showed that parents experienced heightened anx-
iety due to reduced face-to-face contact during the pan-
demic, and that they felt telehealth was less personal and 
did not always adequately address their concerns [85].

Jongsma et al. [73] examined pregnant women’s experi-
ences with remote monitoring for hypertensive disorders 
of pregnancy. Although their cohort was small (N = 52), 
some women reported stress arising from the results of 
home monitoring devices, while others found it reas-
suring [73]. Ghimire et  al. also noted anxiety as one of 
the biggest barriers to participating in virtual antenatal 
care, and Konnyu et  al. noted anxiety as a factor which 
favoured traditional care [48, 69].

Importantly, it seems increased anxiety can be over-
come. Konnyu et  al. reported that women who were 
initially sceptical of telehealth generally had their fears 
alleviated once engaging with this model of care [69]. 
Similarly, Nguyen et al. [86] identified through 25 semi-
structured interviews that women had concerns regard-
ing self-monitoring and accessibility of telehealth, but 
that these were alleviated by attending appointments 
with providers they already knew, highlighting the 
importance of continuity of care.

Furthermore, an increase in anxiety is not universal. 
In qualitative interviews with 18 pregnant women, Mehl 
et  al. [74] found that participants who used telehealth 
could avoid stressors that were associated with in-person 
visits (e.g. travel, childcare, time off work) and thereby 
reduce anxiety. Similarly, in the 2017 BuMP feasibility 
trial, Hinton et al. [87] found that remote blood pressure 
monitoring reduced women’s health anxiety, particu-
larly if they had previous experiences of hypertension or 
preeclampsia. In a cross-sectional study of 403 women, 
Mittone et al. [88] noted that education and income were 
positively associated with telehealth satisfaction, dem-
onstrating the need to support women of disadvantaged 
backgrounds when accessing these services.

These studies highlight the importance of considering 
the potential for maternal anxiety when implementing 
telehealth services. This could be overcome by early edu-
cation about its use, and reassurance about its safety.

Access to health services
Inadequate access to antenatal care is associated with 
adverse maternal and neonatal outcomes [10]. Inade-
quate access to care is significantly associated with social 
determinants  of health, such as socioeconomic status, 
residential area, and education level [89]. There are con-
cerns that telehealth may widen existing inequities, as 
these at-risk groups often also have limited technology 
literacy [90].

Generally, telehealth is shown to increase access to 
antenatal care. An Australian cross-sectional study found 
that pregnant women reported telehealth was more 
accessible than face-to-face, particularly for those in rural 
settings or with childcare responsibilities [91]. However, 
this study excluded women without access to a computer 
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[91]. Studies from other settings have also reported 
improved access [48, 72, 92, 93]. Conversely, Osarhiemen 
et al. [94] identified that while telehealth did not mitigate 
inequities in access, it also did not widen existing dispari-
ties in the USA.

Improved access is not universal, however. Many 
reported barriers to telehealth implementation, such as 
Internet connectivity, lack of privacy, and low technology 
literacy, are more prevalent among already disadvantaged 
groups [75]. Morgan et  al. [75] conducted a survey of 
pregnant women in the USA and found that 10% lacked 
the equipment necessary to complete their telehealth 
visits. Additionally, telehealth is not often covered by 
insurance to the same extent as face-to-face care, creat-
ing a significant financial barrier [95]. Hinton et al. [96] 
interviewed women and healthcare providers and further 
identified digital poverty; domestic violence; low literacy 
levels; sociocultural factors; and language background as 
barriers preventing equitable access to telehealth.

While telehealth has the capacity to improve access to 
antenatal care, it is important to consider inequities faced 
by disadvantaged groups during implementation so as 
not to widen existing disparities.

Provider satisfaction
Telehealth is generally viewed favourably by providers. 
In their systematic review, Konnyu et  al. included 674 
healthcare providers and identified that they valued a 
more flexible, reduced-visit schedule; that they felt tel-
ehealth would be more convenient for pregnant women; 
and that it would allow more clinic time to be dedi-
cated to high-risk pregnancies [69]. Hofman et  al. [97] 
interviewed 56 maternity care providers, who reported 
telehealth to be feasible (94%), appropriate (80%), and 
acceptable (83%). Hargis-Villanueva et  al. [98]  saw that 
89% of providers were highly satisfied with telehealth, 
and 72% would prefer to use it in the future.

Concerns about telehealth have also been raised. In 
their systematic review, Konnyu et al. identified the fol-
lowing concerns: inability to provide timely informa-
tion that women may lack confidence in managing their 
pregnancies independently; and that reduced visits may 
compromise care and psychosocial need [69]. Hofmann 
et al. [97] identified further barriers: lack of equipment, 
inadequate clinic support, and poor image/sound quality. 
In semi-structured interviews with obstetric providers, 
Holman et  al. [99] noted that some providers were also 
concerned that telehealth could widen existing health 
inequities.

Many of these themes mirror pregnant women’s con-
cerns and highlight the need for clinician and patient 
education and support when implementing telehealth 
into models of care.

Strengths and limitations
We did a narrative review instead of a meta-analysis so we 
could cover a broad range of topics. Whilst this is a nar-
rative review, a rigorous and systematic search of the lit-
erature was completed. Over 7000 papers were screened, 
of which over 90 were deemed appropriate for inclusion 
in this review. We have provided a broad overview cover-
ing a wide range of topics, not just examining safety, but 
other important aspects of antenatal care  —  including 
consumer satisfaction, cost-effectiveness, and the vari-
ous models of telehealth. We also focused on papers pub-
lished between 2020 and 2023, making this review timely 
and contemporary.

This review does have some limitations. Most of the 
literature comes from high-income settings. Thus, the 
use of telehealth in low- and middle-income countries is 
not well-represented. Much of the included evidence was 
observational, due to a lack of recent randomised trials. 
Our conclusions may change in the future if this topic 
is revisited when more randomised trials are published. 
We conducted our systematic word search using the bio-
medical databases, MEDLINE and PubMed. It is there-
fore possible that papers listed in other databases may 
have been missed. However, given our review focuses 
on obstetrics, and that over 7000 records were identi-
fied from our search, it is likely that the vast majority of 
relevant evidence has been captured. Additionally, refer-
ence lists of included papers were searched to ensure that 
additional relevant papers were identified. Lastly, we note 
the number of participants was limited in many of the 
papers we reviewed, especially those examining adverse 
events. It is possible many studies so far have lacked the 
power to detect rare adverse outcomes caused by the use 
of telehealth technologies.

Furthermore, an important confounding factor is that 
many recent studies were done during the COVID-19 
pandemic era where many countries had lockdown poli-
cies in place. In particular, many studies have compared 
the incidence of adverse pregnancy outcomes arising 
from telehealth done during the pandemic era to his-
toric cohorts who birthed before the onset of COVID-
19, thus results may have been affected by pandemic 
restrictions. Given these limitations, ongoing surveil-
lance of health outcomes with the use of telehealth will 
be important to do.

Conclusions
As telehealth becomes increasingly common in health-
care, it is important to understand how this can be 
translated into the obstetric context. Antenatal care has 
historically been delivered face-to-face, but the onset 
of the COVID-19 pandemic has facilitated a rapid and 
widespread shift towards telehealth.
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Reassuringly, many studies examining the clinical safety 
of antenatal telehealth (including many done during the 
pandemic era) have not found an associated increase in 
adverse maternal or neonatal outcomes. However, larger 
cohort studies would be useful to exclude the possibil-
ity that telehealth increases the risk of rarer outcomes, 
such as stillbirth or maternal mortality. Telehealth also 
seems to be a cost-effective alternative to traditional care 
models, and possibly even cost-saving. Overall, surveys 
of women and antenatal care providers have shown high 
satisfaction with telehealth.

Although the evidence presented in this review has 
been largely positive, further research is required to 
elucidate the true impact of telehealth on antenatal 
care. It will be important for randomised trials to be 
conducted to strengthen the evidence base and provide 
certainty around this rapid change in practice. Further 
large studies are also required to assess rare outcomes, 
such as maternal and neonatal mortality, and to pro-
vide more clarity about trends that we are starting to 
see  —  including changing rates of caesarean section 
and preterm birth. Ongoing surveillance is also neces-
sary to examine the effect of telehealth outside of the 
pandemic setting.

The landscape of antenatal care is changing. Potential 
advances in antenatal care should be embraced, for the 
benefit of pregnant women and their care providers. Tel-
ehealth may provide a valuable, cost-saving opportunity 
to expand the current antenatal care model, without sac-
rificing safety or consumer satisfaction.

Abbreviations
95% CI	� 95% Confidence interval
ACOG	� American College of Obstetricians and Gynecologists
COVID-19	� Coronavirus disease 2019
HbA1c	� Glycated haemoglobin
MD	� Mean difference
NICU	� Neonatal intensive care unit
OR/aOR	� Odds ratio/adjusted odds ratio
RD	� Risk difference
RR/aRR	� Risk ratio/adjusted risk ratio
SD	� Standard deviation

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12916-​023-​03042-y.

Additional file 1: Table S1. Search Strategy and Search Results – OVID 
Medline Database.

Additional file 2: Table S2. Search Strategy and Search Results – PubMed 
Database.

Acknowledgements
None.

Authors’ Twitter handles
@MercyPerinatal; @UniMelbMDHS; @ProfStephenTong; @jess_aatkinson; @
drsuewalker; @RoxanneHastie.

Authors’ contributions
AL and ST conceived and designed this review. JA completed the literature 
search. ST and JA wrote the first draft, with detailed input from AL. RH and 
SW critically revised the manuscript. All authors read and approved the final 
manuscript. All authors approve the submitted version of the manuscript and 
agree to be personally accountable for their own contributions and ensure 
that questions related to the accuracy or integrity of the work are appropri-
ately investigated, resolved, and the resolution documented in the literature.

Funding
ST (#2017897), AL (#1185467), and RH (#1176922) receive salary support from 
the National Health and Medical Research Council of Australia.

Availability of data and materials
Data sharing is not applicable to this article as no datasets were generated or 
analysed.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 29 March 2023   Accepted: 21 August 2023

References
	1.	 Maloni JA, Cheng CY, Liebl CP, Maier JS. Transforming prenatal care: 

reflections on the past and present with implications for the future. J 
Obstet Gynecol Neonatal Nurs. 1996;25(1):17–23.

	2.	 WHO Guidelines Approved by the Guidelines Review Committee. WHO 
recommendations on antenatal care for a positive pregnancy experi-
ence. Geneva: World Health Organization Copyright © World Health 
Organization 2016; 2016.

	3.	 Emias Geltore T, Laloto Anore D. The impact of antenatal care in 
maternal and perinatal health. In: Empowering Midwives and Obstetric 
Nurses. Edn 1. Edited by Ray A. Rijeka, Croatia: IntechOpen; 2021.

	4.	 Wondemagegn AT, Alebel A, Tesema C, Abie W. The effect of antenatal 
care follow-up on neonatal health outcomes: a systematic review and 
meta-analysis. Public Health Rev. 2018;39(1):33.

	5.	 Hoyert DL, Kochanek KD, Murphy SL. Deaths: final data for 1997. Natl 
Vital Stat Rep. 1999;47(19):1–104.

	6.	 Couch D, Doherty Z, Panozzo L, Naren T, Burzacott J, Ward B, Kippen R, 
Widdicombe D. The impact of telehealth on patient attendance and 
revenue within an Aboriginal Community Controlled Health Organisa-
tion during COVID-19. Aust J Gen Pract. 2021;50:851–5.

	7.	 Morris J. The remote care revolution in the NHS: understanding 
impacts and attitude. London: The Nuffield Trust; 2020.

	8.	 Suran M. Increased use of medicare telehealth during the pandemic. 
JAMA. 2022;327(4):313–313.

	9.	 Gajarawala SN, Pelkowski JN. Telehealth benefits and barriers. J Nurse 
Pract. 2021;17(2):218–21.

	10.	 Manjavidze T, Rylander C, Skjeldestad FE, Kazakhashvili N, Anda EE. 
The impact of antenatal care utilization on admissions to neonatal 
intensive care units and perinatal mortality in Georgia. PLoS One. 
2020;15(12):e0242991.

https://doi.org/10.1186/s12916-023-03042-y
https://doi.org/10.1186/s12916-023-03042-y


Page 15 of 17Atkinson et al. BMC Medicine          (2023) 21:332 	

	11.	 Mechanic OJ, Persaud Y, Kimball AB. Telehealth systems. In: StatPearls. 
Treasure Island: StatPearls Publishing Copyright © 2022, StatPearls 
Publishing LLC.; 2022.

	12.	 Kern-Goldberger AR, Srinivas SK. Telemedicine in obstetrics. Clin Peri-
natol. 2020;47(4):743–57.

	13.	 Recker F, Höhne E, Damjanovic D, Schäfer VS. Ultrasound in telemedi-
cine: a brief overview. Appl Sci. 2022;12(3):958.

	14.	 ACOG Presidential Taskforce on Telehealth. Implementing telehealth 
in practice: ACOG Committee Opinion Summary, Number 798. Obstet 
Gynecol. 2020; 135(2):e73–9.

	15.	 Aziz A, Zork N, Aubey JJ, Baptiste CD, D’Alton ME, Emeruwa UN, Fuchs 
KM, Goffman D, Gyamfi-Bannerman C, Haythe JH, et al. Telehealth for 
high-risk pregnancies in the setting of the COVID-19 pandemic. Am J 
Perinatol. 2020;37(8):800–8.

	16.	 Dosaj A, Thiyagarajan D, ter Haar C, Cheng J, George J, Wheatley C, 
Ramanathan A. Rapid implementation of telehealth services during 
the COVID-19 pandemic. Telemed e-Health. 2020;27(2):116–20.

	17.	 Peahl AF, Smith RD, Moniz MH. Prenatal care redesign: creating flexible 
maternity care models through virtual care. Am J Obstet Gynecol. 
2020;223(3):e381–9.

	18.	 Fryer K, Delgado A, Foti T, Reid CN, Marshall J. Implementation of 
obstetric telehealth during COVID-19 and beyond. Matern Child Health J. 
2020;24(9):1104–10.

	19.	 Tavener CR, Kyriacou C, Elmascri I, Cruickshank A, Das S. Rapid introduc-
tion of virtual consultation in a hospital-based Consultant-led Antenatal 
Clinic to minimise exposure of pregnant women to COVID-19. BMJ Open 
Qual. 2022;11(1):e001622.

	20.	 Palmer KR, Tanner M, Davies-Tuck M, Rindt A, Papacostas K, Giles ML, 
Brown K, Diamandis H, Fradkin R, Stewart AE, et al. Widespread imple-
mentation of a low-cost telehealth service in the delivery of antenatal 
care during the COVID-19 pandemic: an interrupted time-series analysis. 
Lancet. 2021;398(10294):41–52.

	21.	 Nakagawa K, Umazume T, Mayama M, Chiba K, Saito Y, Kawaguchi S, 
Morikawa M, Yoshino M, Watari H. Feasibility and safety of urgently initi-
ated maternal telemedicine in response to the spread of COVID-19: a 
1-month report. J Obstet Gynaecol Res. 2020;46(10):1967–71.

	22.	 Duryea EL, Adhikari EH, Ambia A, Spong C, McIntire D, Nelson DB. 
Comparison between in-person and audio-only virtual prenatal visits and 
perinatal outcomes. JAMA Netw Open. 2021;4(4):e215854.

	23.	 Limaye MA, Lantigua-Martinez M, Trostle ME, Penfield CA, Conroy EM, 
Roman AS, Mehta-Lee SS. Differential uptake of telehealth for prenatal 
care in a large New York City academic obstetrical practice during the 
COVID-19 pandemic. Am J Perinatol. 2021;38(3):304–6.

	24.	 Shimbo D, Artinian NT, Basile JN, Krakoff LR, Margolis KL, Rakotz MK, 
Wozniak G. Self-measured blood pressure monitoring at home: a joint 
policy statement from the American Heart Association and American 
Medical Association. Circulation. 2020;142(4):e42–63.

	25.	 Tucker KL, Bankhead C, Hodgkinson J, Roberts N, Stevens R, Heneghan 
C, Rey É, Lo C, Chandiramani M, Taylor RS, et al. How do home and 
clinic blood pressure readings compare in pregnancy? Hypertension. 
2018;72(3):686–94.

	26.	 Bowen L, Pealing L, Tucker K, McManus RJ, Chappell LC. Adherence with 
blood pressure self-monitoring in women with pregnancy hypertension, 
and comparisons to clinic readings: a secondary analysis of OPTIMUM-BP. 
Pregnancy Hypertens. 2021;25:68–74.

	27.	 Pealing LM, Tucker KL, Mackillop LH, Crawford C, Wilson H, Nickless A, 
Temple E, Chappell LC, McManus RJ. A randomised controlled trial of 
blood pressure self-monitoring in the management of hypertensive 
pregnancy. OPTIMUM-BP: a feasibility trial. Pregnancy Hypertens. 
2019;18:141–9.

	28.	 Chappell LC, Tucker KL, Galal U, Yu LM, Campbell H, Rivero-Arias O, Allen 
J, Band R, Chisholm A, Crawford C, et al. Effect of self-monitoring of blood 
pressure on blood pressure control in pregnant individuals with chronic 
or gestational hypertension: the BUMP 2 randomized clinical trial. JAMA. 
2022;327(17):1666–78.

	29.	 Porter P, Muirhead F, Brisbane J, Schneider B, Choveaux J, Bear N, Carson 
J, Jones K, Silva D, Neppe C. Accuracy, clinical utility, and usability 
of a wireless self-guided fetal heart rate monitor. Obstet Gynecol. 
2021;137(4):673–81.

	30.	 The Therapeutic Goods Administration. ACRA Regulatory Services Pty 
Ltd - HeraBEAT ultrasound fetal heart rate monitor pack - Foetal Doppler 

system. In: Australian Register of Therapeutic Goods Certificate. vol. 2023. 
Canberra: Australian Government Department of Health; 2018.

	31.	 United States Food & Drug Administration. HeraBEAT 510(k) Premarket 
Notification. Maryland, United States: United States Department of Health 
& Human Services; 2019.

	32.	 Chakladar A, Adams H. Dangers of listening to the fetal heart at home. 
BMJ. 2009;339:b4308.

	33.	 ACOG Committee on Practice Bulletins – Obstetrics. Antepartum Fetal 
Surveillance: ACOG Practice Bulletin, Number 229. Obstet Gynecol. 
2021;137(6):e116–27.

	34.	 Mhajna M, Schwartz N, Levit-Rosen L, Warsof S, Lipschuetz M, Jakobs 
M, Rychik J, Sohn C, Yagel S. Wireless, remote solution for home fetal 
and maternal heart rate monitoring. Am J Obstet Gynecol MFM. 
2020;2(2):100101.

	35.	 Schramm K, Lapert F, Nees J, Lempersz C, Oei SG, Haun MW, Maatouk 
I, Bruckner T, Sohn C, Schott S. Acceptance of a new non-invasive fetal 
monitoring system and attitude for telemedicine approaches in obstet-
rics: a case–control study. Arch Gynecol Obstet. 2018;298(6):1085–93.

	36.	 Suemitsu T, Kadooka M, Mitani T, Matsui H, Suzuki M. Telemedicine for 
home care of fetal growth restriction with mobile cardiotocography: a 
case series. Int J Gynecol Obstet. 2023;161:949–55.

	37.	 Bekker MN, Koster MPH, Keusters WR, Ganzevoort W, de Haan-Jebbink JM, 
Deurloo KL, Seeber L, van der Ham DP, Zuithoff NPA, Frederix GWJ, et al. 
Home telemonitoring versus hospital care in complicated pregnancies 
in the Netherlands: a randomised, controlled non-inferiority trial (HoTeL). 
Lancet Digit Health. 2023;5(3):e116–24.

	38.	 Bergman E, Kieler H, Petzold M, Sonesson C, Axelsson O. Self-adminis-
tered measurement of symphysis-fundus heights. Acta Obstet Gynecol 
Scand. 2007;86(6):671–7.

	39.	 Whittington JR, Hughes DS, Rabie NZ, Ounpraseuth ST, Nembhard 
WN, Chauhan SP, Magann EF. Detection of fetal anomalies by remotely 
directed and interpreted ultrasound (teleultrasound): a randomized 
noninferiority trial. Am J Perinatol. 2022;39(2):113–9.

	40.	 Hadar E, Wolff L, Tenenbaum-Gavish K, Eisner M, Shmueli A, Barbash-
Hazan S, Bergel R, Shmuel E, Houri O, Dollinger S, et al. Mobile self-
operated home ultrasound system for remote fetal assessment during 
pregnancy. Telemed e-Health. 2021;28(1):93–101.

	41.	 Baschat AA, Galan HL, Lee W, DeVore GR, Mari G, Hobbins J, Vintzileos 
A, Platt LD, Manning FA. The role of the fetal biophysical profile in 
the management of fetal growth restriction. Am J Obstet Gynecol. 
2022;226(4):475–86.

	42.	 Duley L. The global impact of pre-eclampsia and eclampsia. Semin Peri-
natol. 2009;33(3):130–7.

	43.	 Backes CH, Markham K, Moorehead P, Cordero L, Nankervis CA, Gian-
none PJ. Maternal preeclampsia and neonatal outcomes. J Pregnancy. 
2011;2011:214365.

	44.	 Malhotra A, Allison BJ, Castillo-Melendez M, Jenkin G, Polglase GR, Miller 
SL. Neonatal morbidities of fetal growth restriction: pathophysiology and 
impact. Front Endocrinol. 2019;10:55.

	45.	 Güneş Öztürk G, Akyıldız D, Karaçam Z. The impact of telehealth applica-
tions on pregnancy outcomes and costs in high-risk pregnancy: a 
systematic review and meta-analysis. J Telemed Telecare. 2022;0(0).

	46.	 Thirugnanasundralingam K, Davies-Tuck M, Rolnik D, Reddy M, Mol 
BW, Hodges R, Palmer K. An interrupted time series analysis following 
implementation of telehealth-integrated antenatal care on pregnancy 
outcomes – 12 months on (Lancet Preprint). Available at SSRN: https://​
ssrn.​com/​abstr​act=​41926​82.

	47.	 Soffer MD, Sinnott C, Clapp MA, Bernstein SN. Impact of a hybrid model 
of prenatal care on the diagnosis of fetal growth restriction. Am J Perina-
tol. 2022;39(15):1605–13.

	48.	 Ghimire S, Martinez S, Hartvigsen G, Gerdes M. Virtual prenatal care: a 
systematic review of pregnant women’s and healthcare professionals’ 
experiences, needs, and preferences for quality care. Int J Med Informat-
ics. 2023;170:104964.

	49.	 Philip RK, Purtill H, Reidy E, Daly M, Imcha M, McGrath D, O’Connell NH, 
Dunne CP. Unprecedented reduction in births of very low birthweight 
(VLBW) and extremely low birthweight (ELBW) infants during the COVID-
19 lockdown in Ireland: a ‘natural experiment’ allowing analysis of data 
from the prior two decades. BMJ Glob Health. 2020;5(9):e003075.

	50.	 Hui L, Marzan MB, Potenza S, Rolnik DL, Pritchard N, Said JM, Palmer KR, 
Whitehead CL, Sheehan PM, Ford J, et al. Increase in preterm stillbirths in 

https://ssrn.com/abstract=4192682
https://ssrn.com/abstract=4192682


Page 16 of 17Atkinson et al. BMC Medicine          (2023) 21:332 

association with reduction in iatrogenic preterm births during COVID-19 
lockdown in Australia: a multicenter cohort study. Am J Obstet Gynecol. 
2022;227(3):e417–91.

	51.	 Xie W, Dai P, Qin Y, Wu M, Yang B, Yu X. Effectiveness of telemedicine for 
pregnant women with gestational diabetes mellitus: an updated meta-
analysis of 32 randomized controlled trials with trial sequential analysis. 
BMC Pregnancy Childbirth. 2020;20(1):198.

	52.	 Lau Y, Htun TP, Wong SN, Tam WS, Klainin-Yobas P. Efficacy of Internet-
based self-monitoring interventions on maternal and neonatal outcomes 
in perinatal diabetic women: a systematic review and meta-analysis. J 
Med Internet Res. 2016;18(8):e220.

	53.	 Eberle C, Stichling S. Effects of telemetric interventions on maternal and 
fetal or neonatal outcomes in gestational diabetes: systematic meta-
review. JMIR Diabetes. 2021;6(3):e24284.

	54.	 Ming WK, Mackillop LH, Farmer AJ, Loerup L, Bartlett K, Levy JC, Taras-
senko L, Velardo C, Kenworthy Y, Hirst JE. Telemedicine technologies for 
diabetes in pregnancy: a systematic review and meta-analysis. J Med 
Internet Res. 2016;18(11):e290.

	55.	 Laursen SH, Boel L, Udsen FW, Secher PH, Andersen JD, Vestergaard P, 
Hejlesen OK, Hangaard S. Effectiveness of telemedicine in managing 
diabetes in pregnancy: a systematic review and meta-analysis. J Diabetes 
Sci Technol. 2022;0(0).

	56.	 Rolnik DL, Matheson A, Liu Y, Chu S, Mcgannon C, Mulcahy B, Malhotra A, 
Palmer KR, Hodges RJ, Mol BW. Impact of COVID-19 pandemic restrictions 
on pregnancy duration and outcome in Melbourne, Australia. Ultrasound 
Obstet Gynecol. 2021;58(5):677–87.

	57.	 World Health Organization. Trends in maternal mortality 2000 to 2020: 
estimates by WHO, UNICEF, UNFPA, World Bank Group and UNDESA/
Population Division. Geneva: World Health Organization; 2023.

	58.	 Zhu XH, Tao J, Jiang LY, Zhang ZF. Role of usual healthcare combined with 
telemedicine in the management of high-risk pregnancy in Hangzhou, 
China. J Healthc Eng. 2019;2019:3815857.

	59.	 DeNicola N, Grossman D, Marko K, Sonalkar S, Butler Tobah YS, Ganju N, 
Witkop CT, Henderson JT, Butler JL, Lowery C. Telehealth interventions 
to improve obstetric and gynecologic health outcomes: a systematic 
review. Obstet Gynecol. 2020;135(2):371–82.

	60.	 Sun W, Yu L, Liu S, Chen Y, Chen J, Wen SW, Chen D. Comparison of 
maternal and neonatal outcomes for patients with placenta accreta 
spectrum between online-to-offline management model with standard 
care model. Eur J Obstet Gynecol Reprod Biol. 2018;222:161–5.

	61.	 Kolb H, Stumvoll M, Kramer W, Kempf K, Martin S. Insulin translates unfa-
vourable lifestyle into obesity. BMC Med. 2018;16(1):232.

	62.	 Gao C, Osmundson S, Malin BA, Chen Y. Telehealth use in the COVID-19 
pandemic: a retrospective sudy of prenatal care. Stud Health Technol 
Inform. 2022;290:503–7.

	63.	 Zizzo AR, Hvidman L, Salvig JD, Holst L, Kyng M, Petersen OB. Home 
management by remote self-monitoring in intermediate- and high-risk 
pregnancies: a retrospective study of 400 consecutive women. Acta 
Obstet Gynecol Scand. 2022;101(1):135–44.

	64.	 van den Heuvel JFM, van Lieshout C, Franx A, Frederix G, Bekker MN. 
SAFE@HOME: cost analysis of a new care pathway including a digital 
health platform for women at increased risk of preeclampsia. Pregnancy 
Hypertens. 2021;24:118–23.

	65.	 Sung Y-S, Zhang D, Eswaran H, Lowery CL. Evaluation of a telemedicine 
program managing high-risk pregnant women with pre-existing diabe-
tes in Arkansas’s Medicaid program. Semin Perinatol. 2021;45(5):151421.

	66.	 Theiler RN, Butler-Tobah Y, Hathcock MA, Famuyide A. OB Nest rand-
omized controlled trial: a cost comparison of reduced visit compared to 
traditional prenatal care. BMC Pregnancy Childbirth. 2021;21(1):71.

	67.	 Snoswell CL, Taylor ML, Comans TA, Smith AC, Gray LC, Caffery LJ. Deter-
mining if telehealth can reduce health system costs: scoping review. J 
Med Internet Res. 2020;22(10):e17298.

	68.	 Eze ND, Mateus C, Cravo Oliveira Hashiguchi T. Telemedicine in the OECD: 
an umbrella review of clinical and cost-effectiveness, patient experience 
and implementation. PLoS One. 2020;15(8):e0237585.

	69.	 Konnyu KJ, Danilack VA, Adam GP, Friedman Peahl A, Cao W, Balk EM. 
Changes to prenatal care visit frequency and telehealth: a systematic 
review of qualitative evidence. Obstet Gynecol. 2023;141(2):299–323.

	70.	 Benhamou D, Miled R, Corsia G, Horlin AL, Kantor E, Legouez A, Medioni 
P. Antenatal telehealth for anaesthesia consultations at the time of 

lockdown during the first COVID-19 wave in Paris(✰). J Gynecol Obstet 
Hum Reprod. 2022;51(1):102238.

	71.	 Holcomb D, Faucher MA, Bouzid J, Quint-Bouzid M, Nelson DB, Duryea 
E. Patient perspectives on audio-only virtual prenatal visits amidst the 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic. 
Obstet Gynecol. 2020;136(2):317–22.

	72.	 Jeganathan S, Prasannan L, Blitz MJ, Vohra N, Rochelson B, Meirowitz N. 
Adherence and acceptability of telehealth appointments for high-risk 
obstetrical patients during the coronavirus disease 2019 pandemic. Am J 
Obstet Gynecol MFM. 2020;2(4):100233.

	73.	 Jongsma KR, van den Heuvel JFM, Rake J, Bredenoord AL, Bekker MN. 
User experiences with and recommendations for mobile health technol-
ogy for hypertensive disorders of pregnancy: mixed methods study. JMIR 
Mhealth Uhealth. 2020;8(8):e17271.

	74.	 Mehl SC, Short WD, Powell P, Haltom TM, Davis S, Belfort MA, Ball RH, Lee TC,  
Keswani SG, King A. Impact of telemedicine on prenatal counseling at a 
tertiary fetal center: a mixed methods study. J Surg Res. 2022;280:288–95.

	75.	 Morgan A, Goodman D, Vinagolu-Baur J, Cass I. Prenatal telemedicine 
during COVID-19: patterns of use and barriers to access. JAMIA Open. 
2022;5(1):ooab116.

	76.	 Quinn LM, Olajide O, Green M, Sayed H, Ansar H. Patient and professional 
experiences with virtual antenatal clinics during the COVID-19 pandemic 
in a UK tertiary obstetric hospital: questionnaire study. J Med Internet Res. 
2021;23(8):e25549.

	77.	 Rasekaba T, Nightingale H, Furler J, Lim WK, Triay J, Blackberry I. Women, 
clinician and IT staff perspectives on telehealth for enhanced gestational 
diabetes mellitus management in an Australian rural/regional setting. 
Rural Remote Health. 2021;21(1):5983.

	78.	 Stanhope KK, Piper K, Goedken P, Johnson T, Joseph NT, Ti A, Geary F, 
Boulet SL. Quality and satisfaction with care following changes to the 
structure of obstetric care during the COVID-19 pandemic in a safety-net 
hospital in Georgia: results from a mixed-methods study. J Natl Med 
Assoc. 2022;114(1):94–103.

	79.	 Sullivan MW, Kanbergs AN, Burdette ER, Silberman J, Dolisca S, Scarry J, 
Soffer M, Kaimal A, Bryant Mantha A, Bernstein SN. Acceptability of virtual 
prenatal care: thinking beyond the pandemic. J Matern-Fetal Neonatal 
Med. 2021;35(25):8472–5.

	80.	 Thompson T-A, Seymour JW, Melville C, Khan Z, Mazza D, Grossman 
D. An observational study of patient experiences with a direct-to-
patient telehealth abortion model in Australia. BMJ Sex Reprod Health. 
2022;48(2):103–9.

	81.	 Smith VJ, Marshall A, Lie MLS, Bidmead E, Beckwith B, Van Oudgaarden 
E, Robson SC. Implementation of a fetal ultrasound telemedicine 
service: women’s views and family costs. BMC Pregnancy Childbirth. 
2021;21(1):38.

	82.	 Altman MR, Mohammed SA, Eagen-Torkko MK, Kantrowitz-Gordon I, 
Gavin AR. Losing connection: experiences of virtual pregnancy and post-
partum care during the COVID-19 pandemic. J Perinat Neonatal Nurs. 
2023;37(1):44–9.

	83.	 Davis A, Bradley D. Telemedicine utilization and perceived quality of vir-
tual care among pregnant and postpartum women during the COVID-19 
pandemic. J Telemed Telecare. 2022;0(0).

	84.	 Skelton E, Webb R, Malamateniou C, Rutherford M, Ayers S. The impact 
of antenatal imaging on parent experience and prenatal attachment: a 
systematic review. J Reprod Infant Psychol. 2022. https://​doi.​org/​10.​1080/​
02646​838.​2022.​20887​10.

	85.	 Aydin E, Glasgow KA, Weiss SM, Austin T, Johnson MH, Barlow J, Lloyd-Fox 
S. Expectant parents’ perceptions of healthcare and support during 
COVID-19 in the UK: a thematic analysis. J Reprod Infant Psychol. 2022. 
https://​doi.​org/​10.​1080/​02646​838.​2022.​20755​42.

	86.	 Nguyen M-LT, Garcia F, Juarez J, Zeng B, Khoong EC, Nijagal MA, Sarkar 
U, Su G, Lyles CR. Satisfaction can co-exist with hesitation: qualitative 
analysis of acceptability of telemedicine among multi-lingual patients 
in a safety-net healthcare system during the COVID-19 pandemic. BMC 
Health Serv Res. 2022;22(1):195.

	87.	 Hinton L, Tucker KL, Greenfield SM, Hodgkinson JA, Mackillop L, McCourt 
C, Carver T, Crawford C, Glogowska M, Locock L, et al. Blood pressure self-
monitoring in pregnancy (BuMP) feasibility study; a qualitative analysis 
of women’s experiences of self-monitoring. BMC Pregnancy Childbirth. 
2017;17(1):427.

https://doi.org/10.1080/02646838.2022.2088710
https://doi.org/10.1080/02646838.2022.2088710
https://doi.org/10.1080/02646838.2022.2075542


Page 17 of 17Atkinson et al. BMC Medicine          (2023) 21:332 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	88.	 Mittone DF, Bailey CP, Eddy EL, Napolitano MA, Vyas A. Women’s satisfac-
tion with telehealth services during the COVID-19 pandemic: cross-
sectional survey study. JMIR Pediatr Parent. 2022;5(4):e41356.

	89.	 Feijen-de Jong EI, Jansen DE, Baarveld F, van der Schans CP, Schellevis FG, 
Reijneveld SA. Determinants of late and/or inadequate use of prenatal 
healthcare in high-income countries: a systematic review. Eur J Public 
Health. 2012;22(6):904–13.

	90.	 Harris A, Jain A, Dhanjani SA, Wu CA, Helliwell L, Mesfin A, Menga E, 
Aggarwal S, Pusic A, Ranganathan K. Disparities in telemedicine literacy 
and access in the United States. Plast Reconstr Surg. 2023;151(3):677–85.

	91.	 Kluwgant D, Homer C, Dahlen H. “Never let a good crisis go to waste”: 
positives from disrupted maternity care in Australia during COVID-19. 
Midwifery. 2022;110:103340.

	92.	 Dixon-Shambley K. GABBE PT: using telehealth approaches to address 
social determinants of health and improve pregnancy and postpartum 
outcomes. Clin Obstet Gynecol. 2021;64(2):333–44.

	93.	 Reisinger-Kindle K, Qasba N, Cayton C, Niakan S, Knee A, Goff SL. Evalua-
tion of rapid telehealth implementation for prenatal and postpartum care 
visits during the COVID-19 pandemic in an academic clinic in Springfield, 
Massachusetts, United States of America. Health Sci Rep. 2021;4(4):e455.

	94.	 Osarhiemen OA, Robinson MA, Zhao Z, Ding T, Crants S, Carpenter HL, 
Lister RL. Assessing access to obstetrical care via telehealth in the era of 
COVID-19. Am J Obstet Gynecol. 2022;226(3):429–32.

	95.	 Melvin SC, Wiggins C, Burse N, Thompson E, Monger M. The role of public 
health in COVID-19 emergency response efforts from a rural health 
perspective. Prev Chronic Dis. 2020;17:E70.

	96.	 Hinton L, Dakin FH, Kuberska K, Boydell N, Willars J, Draycott T, Winter 
C, McManus RJ, Chappell LC, Chakrabarti S, et al. Quality framework for 
remote antenatal care: qualitative study with women, healthcare profes-
sionals and system-level stakeholders. BMJ Qual Saf. 2022. https://​doi.​org/​
10.​1136/​bmjqs-​2021-​014329.

	97.	 Hofmann G, Hampanda K, Harrison MS, Fasano M, Nacht A, Yeoman M. 
Virtual prenatal and postpartum care acceptability among maternity care 
providers. Matern Child Health J. 2022;26(7):1401–8.

	98.	 Hargis-Villanueva A, Lai K, van Leeuwen K, Weidler EM, Felts J, Schmidt 
A, Franklin WJ, Lindblade C, Martin GC, Patil AS, Goncalves LF. elehealth 
multidisciplinary prenatal consultation during the COVID-19 pandemic: 
enhancing patient care coordination while maintaining high provider 
satisfaction. J Matern-Fetal Med. 2022;35(25):9765–9.

	99.	 Holman C, Glover A, McKay K, Gerard C. Telehealth adoption during 
COVID-19: lessons learned from obstetric providers in the Rocky Moun-
tain West. Telemed Rep. 2023;4(1):1–9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1136/bmjqs-2021-014329
https://doi.org/10.1136/bmjqs-2021-014329

	Telehealth in antenatal care: recent insights and advances
	Abstract 
	Background 
	Main body 
	Conclusion 

	Background
	Models of telehealth in antenatal care
	Real-time telehealth
	Remote monitoring
	Remote blood pressure monitoring
	Fetal heart rate monitoring
	Self-measured symphysial fundal height
	Tele-ultrasound


	Clinical safety
	Obstetric outcomes
	Preeclampsia and gestational hypertension
	Fetal growth restriction
	Preterm birth
	Diabetes
	Caesarean section
	Birth interventions
	Birth complications
	Maternal mortality

	Fetal and neonatal outcomes
	Fetal parameters
	Neonatal outcomes
	Stillbirth and neonatal mortality


	Cost-effectiveness
	Global cost-benefit

	Consumer satisfaction
	Patient satisfaction
	Stress and anxiety among telehealth users
	Access to health services

	Provider satisfaction

	Strengths and limitations
	Conclusions
	Anchor 37
	Acknowledgements
	References


