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Abstract
Objective: This study explores a hybrid approach to maternal-fetal care for gestational 
diabetes (GD), integrating virtual visits seamlessly with in-clinic assessments. We 
assessed the feasibility, time efficiency, patient satisfaction, and clinical outcomes to 
facilitate wider adoption of maternal-fetal telemedicine.
Methods: We conducted a 4-week prospective study involving 20 women with GD 
at ≥32 weeks of pregnancy, alternating between remote and in-clinic weekly visits. 
Remote assessments began with women self-measuring vital signs and using a digital 
urine dipstick. The remote encounter started with a midwife performing anamnesis 
and remotely connecting women to the fetal nonstress test. A physician concluded 
the meeting with remote sonographic assessment of amniotic fluid maximal vertical 
pocket that together with the nonstress test provided the modified biophysical 
assessment as well as a video encounter and ongoing glycemic control assessment. 
We assessed the feasibility of remote visits, compared visit durations, evaluated 
women's satisfaction using the Telehealth Usability Questionnaire, examined glucose 
documentation adherence during hybrid care compared with the following period 
until birth, and assessed GD-related clinical outcomes.
Results: Remote visits had a success rate of 97.4% (38 of 39), with significantly shorter 
durations compared with in-clinic visits (median 59.0 min vs. 159.0 min, P < 0.001). 
Women expressed high satisfaction (6.6 of 7), and adherence with recording fasting 
glucose values during the study period was significantly higher than the following 
period until birth (92.2% vs. 61.8%, P = 0.001). Notably, none required induction 
of labor for glycemic control imbalance, and there were no cases of macrosomia, 
shoulder dystocia, or neonatal hypoglycemia.
Conclusion: The hybrid approach to maternal-fetal care for GD demonstrated 
feasibility, safety, time efficiency, improved patient satisfaction, and enhanced 
glycemic control adherence.

K E Y W O R D S
adherence, digital intervention, glycemic control, telemedicine, ultrasound

mailto:
https://orcid.org/0000-0001-8816-2562
https://orcid.org/0000-0003-0587-5802
https://orcid.org/0000-0001-7534-0518
https://orcid.org/0000-0002-0775-9015
https://orcid.org/0000-0002-1746-0025
https://orcid.org/0000-0003-1603-3862
https://orcid.org/0000-0001-9092-4570
mailto:michalaxelrod2805@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fijgo.16148&domain=pdf&date_stamp=2025-01-24


2  |    AXELROD et al.

1  |  INTRODUC TION

Maternal-fetal medicine has unique challenges in fully integrating 
remote care compared with other clinical disciplines such as internal 
medicine and psychiatry.1 Therefore, current use is mainly limited to 
individual aspects of care such as remote surveillance of maternal 
blood pressure, ongoing glycemic control, and fetal monitoring epi-
sodes. Therefore, remote care remains the exception rather than the 
rule and is utilized only by a few early adopters.2–4

Seminal studies have established the feasibility of replacing each 
component of in-clinic visits with remote care digital technologies. 
Maternal evaluation entails monitoring vital signs,5–8 conducting 
routine urine analysis,9 ongoing glycemic control in the case of dia-
betes,10–13 and physician-patient video communication.14 Fetal eval-
uation involves essential procedures such as fetal monitoring and 
ultrasound examinations.15–17 Moreover, we have previously demon-
strated the feasibility of remote capture of the modified biophysical 
profile (mBPP) integrating remote fetal monitoring with remote ul-
trasound measurement of the deepest amniotic fluid pocket.18

However, achieving widespread adoption by mainstream pro-
viders (the early majority of pragmatists) requires establishing an 
evidence-based approach that includes a thorough and comprehen-
sive assessment of both maternal and fetal aspects.19,20 In addition, a 
hybrid approach providing some in-clinic visits can address the need 
for human face-to-face contact between providers and patients, as 
well as facilitate periodical assessments that cannot be performed 
remotely, such as sonographic fetal growth assessment. Optimally, 
home care may also improve patients' engagement and adherence 
with evidence-based protocols and even improve some clinical 
outcomes.21–24

Among the pregnant population, women with gestational diabe-
tes (GD) constitute a compelling subset for studying maternal-fetal 
telemedicine implementation. The notable incidence of this condi-
tion (7–10%),25,26 the need for close glucose level monitoring from 
diagnosis throughout pregnancy,27 and frequent clinic visits that 
might culminate in up to twice-weekly maternal and fetal assess-
ment starting at 32 weeks of gestation28 makes this specific popula-
tion optimal for investigating and implementing remote care system.

Therefore, we sought to determine the feasibility, time effi-
ciency, satisfaction, adherence, and clinical outcomes of hybrid re-
mote and in-clinic maternal-fetal surveillance for women with GD.

2  |  METHODS

2.1  |  Study population

We conducted a prospective clinical study following women with GD 
carrying a singleton pregnancy at or beyond 32 weeks of gestation. 
Participants were recruited at a single tertiary university-affiliated 
medical center between January 2022 and July 2022.

We selected 32 weeks of gestational age and beyond as the entry 
criterion for our study, based on recommendations in the literature 

advocating for the initiation of regular fetal monitoring for women 
with GD (class A2 GD [A2GD]) starting at this stage of pregnancy.28 
In addition, patients with class A1 GD (A1GD) were managed in the 
same way to ensure generalizability of the results. This approach 
aligns with our local practice and considers the limitations of the 
monitoring belt, which was validated for use starting at 32 weeks.

Inclusion criteria were: (1) maternal age between 18 and 50 years; 
(2) gestational age ≥32 + 0 at time of the study's first visit; (3) sin-
gleton gestation; (4) diagnosis of GD (A1GD/A2GD)28; (5) location 
within a 30-min drive from the medical center at the time of the 
remote assessment; (6) ability to understand English and Hebrew, 
required for reading the equipment instructions; and (7) enrollment 
in the medical center's app-based system for ongoing glucose and 
blood pressure surveillance.

Exclusion criteria were: (1) prepregnancy body mass index (BMI) 
≥40 or ≤15 kg/m2; (2) major maternal medical illness associated with 
increased risk for adverse pregnancy outcomes (e.g., pre-GD, sys-
temic lupus erythematosus, chronic hypertensive disorder, cardiac 
disease, renal insufficiency); (3) need for in-clinic visits more than 
once every 2 weeks despite virtual care; (4) hospitalization during 
the study; (5) preterm labor (defined as regular painful contractions 
with cervical dilatation ≥2 cm), active vaginal bleeding, or ruptured 
amniotic membranes; (6) consistent reduction in fetal movement 
sensation; (7) fetal growth restriction, defined as an estimated fetal 
weight (EFW) <10th percentile; (8) known major fetal anomaly; and 
(9) known oligohydramnios, defined as an amniotic fluid index (AFI) 
<5 cm or maximal vertical pocket (MVP) <2 cm. Women who met 
one of the exclusion criteria after being recruited into the study 
were excluded from the study and moved to routine in-clinic fol-
low-up or hospitalization as needed.

2.2  |  Screening and recruitment

Women attending the antepartum high-risk pregnancy clinic 
were screened based on the above-described eligibility criteria. 
Potentially eligible women were provided with a comprehensive 
explanation of the study details and offered to participate. Those 
interested voluntarily signed an informed consent form, registered 
for the service application developed by our team on the Datos Ltd. 
platform, and were trained in operating the necessary equipment for 
remote visits. To ensure that participants could complete the study 
visits as outlined in the protocol, we capped enrollment at 35 weeks. 
This cutoff reduced the risk of missed visits due to spontaneous 
labor or the need for induction, which become more likely at later 
gestational ages.

All participants received a dedicated mobile device (Samsung 
Galaxy) equipped to support the various applications needed for 
the remote visits, as well as a cellular data plan, fetal monitor de-
vice (INVU by Nuvo), fetal ultrasound probe (PulseNmore Ltd), blood 
pressure cuff, and two digital home urine test kits (Healthy.io Ltd). 
Prior to the first remote visit, all participants were trained by a mid-
wife (E.G.) using the remote ultrasound probe, the remote fetal belt, 
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    |  3AXELROD et al.

the digital urine dipstick kit, and the digital GD app. The patients 
were required to complete a self-examination to the midwife's satis-
faction as part of the training.

2.3  |  Patient journey

The patient journey consisted of alternating in-clinic and remote 
weekly visits for a duration of 4 weeks (Figure  1a). After these 
4 weeks we did not continue remote visits; however, participants 
were instructed to diligently continue recording their daily glucose 
measurements using the designated application provided by the 
service. From enrollment until labor, regardless of the completion of 
remote visits, patients who had insufficient documentation of glucose 
levels for more than 24 h received reminders via phone or message. 
Participants with uncontrolled glucose were instructed to start insulin 
or oral antidiabetic treatment or adjust the treatment dose as required.

During the in-clinic visits, routine comprehensive assessments 
were conducted, including vital signs monitoring, urine dipstick anal-
ysis, fetal monitoring, fetal ultrasound using the biophysical profile 
(BPP) methodology and EFW, and a physician-patient encounter 
(Figure 1b). The remote visits started with self-documenting of vital 
signs and glycemic control using the Datos Ltd. app, performing a 
urine test independently using a smartphone device and receiving 
immediate test results, facilitated through the Healthy.io test kit and 

platform. The remainder of the visit, including anamnesis, assess-
ment of fetal heart rate (nonstress test [NST]) using the INVU de-
vice by Nuvo, and measurement of the MVP by ultrasound using the 
PulseNmore system to generate an mBPP, was conducted through 
virtual communication with the healthcare provider (partly by video 
through the Datos Ltd. platform; Figure 1b).

A midwife observed real-time assessment of fetal monitor-
ing and a physician remotely assessed online fetal ultrasound, en-
abling prompt and accurate evaluation of the fetal condition and 
subsequent referral for further examination if deemed necessary. 
We did not monitor uterine activity as part of this study protocol. 
We informed participants that in case of technically insufficient or 
clinically nonreassuring maternal or fetal evaluation they may be 
called for additional in-clinic evaluation. For cases requiring addi-
tional evaluation of the fetal heart rate tracing, we defined three 
possible scenarios: (1) repeating the assessment at home; (2) self-
transportation to the clinic for in-person evaluation; and (3) urgent 
referral via ambulance. Participants returned the study equipment 
during their fourth in-clinic visit.

2.4  |  Outcomes

We defined the primary outcome as the feasibility of conducting 
a remote visit encompassing all its components as determined in 

F I G U R E  1  (a) Hybrid care protocol of weekly visits. (b) Visit components. BPP indicates biophysical profile; EFW, estimated fetal weight; 
mBPP, modified biophysical profile; MVP, maximal vertical pocket; NST, nonstress test.

In-Clinic Visit                            Remote Visit

Screening
and

Enrollment

1 visit:
Remote

2 visit:
In-clinic

3 visit:
Remote

4 visit:
In-clinic

(a)

(b)
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real time by the maternal-fetal medicine clinic attending, in accord-
ance with the established clinical standard of care (as described in 
Figure  1b). We measured the total duration of each remote visit 
from the initiation of fetal monitoring to the conclusion of the 
video call. We measured the duration of the in-clinic visits accord-
ing to the door-to-door time. We assessed adherence to recording 
glucose values (regardless of their balance) in our application on 
the Datos Ltd. platform. The data were examined in the division 
for fasting measurements only and for all glucose measurements 
throughout the day including fasting and postprandial glucose 
measurements, during the hybrid care period and until delivery. 
We also assessed GD-related clinical outcomes (macrosomia – 
birth weight >4 kg, high-grade [3 or 4] perineal tears. shoulder 
dystocia, respiratory distress syndrome, hypoglycemia, and any 
neonatal complications).

2.5  |  Patient questionnaires

The assessment of the telehealth intervention's usefulness, effective-
ness, reliability, and patient satisfaction was conducted by independ-
ent filling of the Telehealth Usability Questionnaire (TUQ), Six Simple 
Questions (SSQ) survey, and Net Promotor Score (NPS) at the end of 
the fourth and final research visit (Appendices S1–S3).29,30

2.6  |  Data collection and analysis

We collected demographic data, as well as birth and postpartum data 
from the electronic health records (EHRs). Visits were also documented 
in the EHR and data were captured from it. Data about vital signs 
and glucose monitoring were extracted from the Datos Ltd. system. 
Additional data were captured from the remote equipment used in the 
study (monitor and ultrasound). Deidentified data for study purposes 
were captured using REDCap software (Vanderbilt University).

The primary analysis involved mainly descriptive statistics to 
summarize the data. Categorical and ordinal variables are pre-
sented as the number of respondents (percentage) in each category. 
Quantitative variables were described using median and minimum–
maximum due to the small sample size. A comparison of the duration 
of the visits (between remote visits and in-clinical visits) as well as a 
comparison of adherence with the documentation of glucose levels 
(during hybrid care and follow-up until delivery) were performed by 
univariate analysis using the paired Wilcoxon test due to the small 
sample size and the nonnormally distributed quantitative variables. 
These statistical approaches enabled the examination of relation-
ships and differences within the data.

A two-sided P value <0.05 was considered statistically significant. 
Statistical analyses were performed using SPSS version 27 (IBM).

As previously mentioned, informed consent was collected from 
all participants. The study design and protocol were reviewed and 
approved by Sheba Medical Center institutional review board (trail 
reference number 8581-21-SMC).

3  |  RESULTS

3.1  |  Demographics

We enrolled 20 women with GD. The demographics of the women 
participating in the study are shown in Table 1. At enrollment, the 
median maternal age was 34.0 years (24.0–46.0 years) with a median 
BMI of 28.7 kg/m2 (24.0–41.2 kg/m2). Most participants were in 
their second pregnancy (median gravidity 2.0 [1–4]) and had a 
median gestational age of 33 + 0 weeks (32 + 0–35 + 0 weeks) at the 
first (remote) visit. Eleven (55.0%) women were initially diagnosed 
with A2GD and were treated with diabetes medications. The rest 
of the women (9 [45.0%]) were diagnosed with A1GD and achieved 
glycemic control by diet alone.

3.2  |  Feasibility: completion of all remote visit 
components

Eighteen of 20 (90.0%) patients completed two full home visits. 
One participant withdrew consent after the first virtual visit. 
Another patient was referred for further in-clinic evaluation due to 
technical difficulties in completing the fetal monitoring. A defect 
was observed in the monitoring belt buckle used during that 
encounter and may have been the cause of the failure. Overall, 38 of 
39 (97.4%) remote visits concluded in comprehensive maternal and 
fetal assessment including mBPP to the physician's satisfaction. In 
practice, except for the single referral to repeat monitoring at the 
clinic, all the components of the remote visit (urine test, vital signs, 
fetal monitoring, fetal ultrasound, glucose monitoring, and video 
encounter) were interpretable and fully completed. Furthermore, 
normal MVP and AFI measurements were recorded for all patients 
during remote and in-clinic visits, respectively. In addition, normal 
EFW measurements were documented for all in-clinic visits.

TA B L E  1  Demographics and clinical characteristics of enrolled 
women.

Variable (N = 20)

Age, years 34.0 (24.0–46.0)

BMI, kg/m2 28.7 (24.0–41.2)

Gestational age at first visit, weeks 33 + 0 (32 + 0–35 + 0)

Gravidity 2.0 (1–4)

Nulliparity 8 (40.0)

GD type

A1GD 9 (45.0)

A2GD 11 (55.0)

Current smoker 0 (0.0)

Hypothyroidism 3 (15.0)

Note: Data are presented as number (percentage) or median 
(minimum–maximum).
Abbreviations: A1GD, class A1 gestational diabetes; A2GD, class A2 
gestational diabetes; BMI, body mass index; GD, gestational diabetes.
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    |  5AXELROD et al.

3.3  |  Visits duration

Total remote visit length was significantly shorter (60.5 min 
[42.0–125.0 min]) compared with the in-clinic visit (170.0 min 
[140.0–209.0 min], P < 0.001). The second remote visit duration 
was significantly shorter than the first remote visit (55.0 min [37.0–
125.0 min] vs. 66.0 min [44.0–169.0 min], P = 0.036). The median 
duration of ultrasound use was 5.0 min (1.0–65.0 min), while fetal 
monitoring was performed for a median time of 25.0 min (20.0–
580.0 min) when the required minimum was defined as 20 minutes 
based on our department protocol (Table 2).

3.4  |  Glucose monitoring adherence

As described in the Methods section, the study participants were 
asked to record glucose levels daily through a Datos application, 
both during the hybrid care period and afterwards until deliv-
ery. Adherence to recording fasting (92.23%) and all-day (fasting 
and postprandial; 80.06%) glucose values during the hybrid care 

period was high. Adherence decreased significantly both for fast-
ing (61.81%) and all-day (fasting and postprandial; 51.50%) measure-
ments in the period between the end of the hybrid care until birth 
(P = 0.001; Table 3). None of the participants required induction of 
labor for glycemic imbalance.

3.5  |  Delivery and neonatal outcomes

Delivery and neonatal outcomes are presented in Table 4. Birth weight 
ranged from 2700 to 3830 g. There were no cases of macrosomia, 
high-grade perineal tears, shoulder dystocia, hypoglycemia of the 
newborn, or respiratory distress syndrome.

TA B L E  2  Visits duration.

Visit type Metric First visit (min) Second visit (min) All visits (min) P value

Remote visit Total duration 66.0 (44.0–169.0) 55.0 (37.0–125.0) 59.0 (37.0–169.0) 0.036 (first vs. 
second)

Ultrasound duration 5.0 (1.0–65.0) 5.0 (2.0–27.0) 5.0 (1.0–65.0) 0.659 (first vs. 
second)

NST duration 26.0 (20.0–80.0) 25.0 (20.0–79.0) 25.0 (20.0–80.0) 0.794 (first vs. 
second)

In-clinic visit Total duration 173.0 (136.0–268.0) 158.0 (124.0–247.0) 159.0 (124.0–268.0) 0.794 (first vs. 
second)

Comparison Remote vs. in-clinic 
total visit duration

<0.001.

Note: Data are presented as median (minimum–maximum).
Abbreviation: NST, nonstress test.

TA B L E  3  Adherence to glucose levels documentation.

Type of GD
Time of 
day

Hybrid care 
period

Post-hybrid 
care period P value

A1GD Fasting 88.21 66.04 0.050

All day 74.99 59.41 0.028

A2GD Fasting 95.84 58.00 0.018

All day 84.62 44.38 0.005

Total Fasting 92.23 61.81 0.001

All day 80.06 51.50 <0.001

Note: All-day glucose documentation includes fasting and three 
postprandial readings per day. Data are percentages of recorded values 
relative to expected entries.
Abbreviations: A1GD, class A1 gestational diabetes; A2GD, class A2 
gestational diabetes; GD, gestational diabetes.

TA B L E  4  Delivery and neonatal outcomes.

Variable (N = 19)

Labor induction 8 (42.1)

Mode of delivery

Normal vaginal delivery 11 (57.9)

Operative vaginal delivery 1 (0.1)

Cesarean section 7 (36.8)

Gestational age delivery, weeks 39 + 0 (38 + 0–40 + 0)

Birth weight, g 3110.0 (2700.0–3830.0)

Macrosomia 0 (0.0)

Shoulder dystocia 0 (0.0)

Apgar at 1 min 9.0 (7.0–9.0)

Apgar at 5 min 10.0 (10.0–10.0)

NICU admission 0 (0.0)

Respiratory distress syndrome 0 (0.0)

Hypoglycemia 0 (0.0)

Neonatal complications 0 (0.0)

Note: Data are presented as number (percentage) or median 
(minimum–maximum).
Abbreviation: NICU, neonatal intensive care unit.
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3.6  |  Patient questionnaires

The TUQ indicated high usability of the telehealth system (6.6 of 
7). Interestingly, the domain that received the lowest score was 
reliability (average 5.9 of 7), specifically question 17 (“The system 
gave error messages that clearly told me how to fix problem”), which 
scored an average of 5.2 of 7. Most of the women indicated that 
they would recommend the research equipment to friends and 
family, with the following NPS: INVU device (average 9.4 of 10), 
PulseNmore ultrasound (9.94 of 10), and Healthy.io kit (10 of 10). All 
women declared that they would choose the same type of care for 
their next pregnancy according to the six SSQ (Table S1).

3.7  |  Adverse and safety events

No adverse events or safety incidents occurred during the use of the 
research equipment.

4  |  DISCUSSION

4.1  |  Principal findings

This prospective study, to our knowledge, is the first to demonstrate 
that comprehensive remote maternal-fetal care consisting of all 
aspects of the in-clinic visit, is feasible and time-efficient. Moreover, 
we demonstrated that the hybrid remote care approach is associated 
with improved patient satisfaction and better maternal adherence to 
glycemic control.

4.2  |  Results in the context of what is known

To extend the findings of previous studies, our primary outcome was 
the feasibility of completing a comprehensive remote visit, covering 
all maternal and fetal components, in a manner comparable to an 
in-clinic visit and satisfactory to the physician.1 The majority of the 
remote visits in our study achieved the study protocol's goals. In only 
one of the visits, a remote interpretable NST was not obtained. The 
participant's BMI was 40 (the upper limit of our BMI eligibility criteria) 
and she was at 32 weeks of gestation (the lower limit of our gestational 
age eligibility criteria). Two weeks later, at 34 weeks of gestation, an 
interpretable NST was obtained for the same participant. Hamm 
et al.15 studied the same remote fetal monitoring device, allowing a 
higher BMI up to 50, and obtained an interpretable NST in 123 of 131 
(93.95%) cases. However, they did not detail the association between 
BMI or gestational age with difficulty in obtaining remote NSTs or 
exploring other components of remote assessment.

The abbreviated duration of remote visits, when contrasted with 
in-clinic visits, aligns with anticipated time efficiency. This reduction is 
attributed to saving time on transport and parking as well as intervals 
between the various visit segments—onboarding, a nurse evaluation, 

NST, ultrasonography, and physician assessment. As we proceed from 
the pilot setting to the service setting, we expect waiting times be-
tween visit segments of the remote visits to increase. However, the in-
terludes experienced during remote consultations offer a more optimal 
utilization of time, given that women can remain in their domestic or 
professional settings, rather than the confines of a clinical waiting area. 
It is noteworthy that the duration of the subsequent remote visit was 
markedly reduced compared with the initial visit, suggesting a learning 
curve not only for the staff but also for the participants.

Although normal MVP and AFI measurements were recorded 
for all visits in this study, questions remain regarding the role of 
MVP in evaluating polyhydramnios, which is more prevalent in the 
GD population. Some evidence suggests that the MVP method 
may overestimate polyhydramnios; however, further data are 
needed to confirm this finding.31 We chose to use MVP measure-
ment for remote visits in this protocol due to its relative ease for 
the physician in extracting MVP through the remote ultrasound 
performed by the patient. This choice is also supported by the 
lower associated risk compared with oligohydramnios32 and the 
reassurance provided by additional weekly NSTs and biweekly AFI 
measurements.

During the 4-week study period, we observed strong adherence 
to glucose monitoring protocols. Interestingly, adherence signifi-
cantly declined when patients transitioned back to exclusive in-
clinic weekly assessments until birth, despite continued use of the 
same digital app for glycemic control and reminders issued after 24 h 
of insufficient glucose documentation. While the digital diabetes 
application can be used independently of the remote service, the 
heightened patient engagement during the hybrid care period may 
be attributed to the immediate feedback during remote visits and 
the empowerment derived from home care and active participation 
in the remote assessment process.

Furthermore, our study did not report any instances of labor in-
duction due to glycemic imbalance, nor did we observe cases of mac-
rosomia, shoulder dystocia, or neonatal hypoglycemia. However, it is 
important to approach these clinical findings with caution because 
of the limited cohort size, absence of a control group, and potential 
influence of eligibility criteria such as patient adherence and BMI 
restrictions up to 40.

The relationship between the effect of glucose level balance 
and clinical outcomes is a subject of debate in the literature. Our 
findings align with Kantorowska et al., who demonstrated that re-
mote monitoring was superior to traditional methods for managing 
diabetes in pregnancy, resulting in improved maternal and neonatal 
outcomes.11 Conversely, a recent meta-analysis showed no signifi-
cant differences in balance and clinical outcomes.33 However, it is 
crucial to note that most studies focusing on remote monitoring of 
glucose levels do not incorporate the comprehensive approach to 
remote monitoring utilized in our study, which may introduce bias 
into the results. Therefore, extensive randomized controlled trials 
are necessary to thoroughly investigate this matter.

Remote fetal monitoring was operated by a certified midwife. A 
physician conducted the rest of the visit, consisting of the remote 
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ultrasonographic assessment and video encounter. In practice, this 
can also be optimized by “working at the top of the license”—a cer-
tified midwife for fetal monitoring and the patient encounter, an ul-
trasound technician for completing the ultrasound, and OB/GYN or 
maternal-fetal medicine expert involvement only in complex cases.

The landmark HOTEL (Hospital Care versus Telemonitoring in 
High Risk Pregnancy) trial showed that telemonitoring for compli-
cated pregnancies might be as safe as hospital admission. Notably, 
while not reaching statistical significance, there was one instance 
of fetal mortality in the telemonitoring group of the HOTEL study, 
compared with none in the hospital group.21,22 Our approach inte-
grates remote sonography, incorporating the mBPP. While the NST 
reflects the immediate fetal condition, amniotic fluid volume signifies 
long-term status. Miller et al., in a study of 56 617 antepartum tests, 
found that the false-negative rate of the mBPP was lower than that 
of NST alone compared favorably with the false-negative rates of the 
contraction stress test and the complete BPP, with a false-negative 
rate for fetal death within a week at 0.8 per 1000.34 Therefore, our 
approach encompassing fetal ultrasonography in the remote visits 
offers a reliable and effective means of monitoring fetal well-being.

High satisfaction was demonstrated among the study partic-
ipants, with a certain reservation in the domain of reliability that 
referred to the systems interface limitations. This emphasizes the 
importance of user training at onboarding, a user-friendly interface 
for all technologies, and online technical support for a seamless re-
mote patient journey.23

4.3  |  Clinical and research implications

Remote care will play an increasingly important role in maternal-
fetal medicine if this model of care is further established and 
implemented.

In this pilot study, we selected a sample size of 20 participants, 
yielding 77 total encounters (39 remote and 38 in-clinic visits), to 
provide initial insights into the feasibility, efficiency, and patient sat-
isfaction of a hybrid telemedicine model for GD care. The sample 
size was chosen to enable practical, yet meaningful, evaluation of 
the model within the constraints of a pilot setting, allowing us to 
identify preliminary trends and challenges that could inform larger, 
statistically powered studies in the future.

Future investigations may extend these findings to real-world 
evidence, explore economic considerations, and include randomized 
controlled trials to examine the clinical benefits of the improved 
adherence.

4.4  |  Strengths and limitations

The strengths of the study are the prospective design, the 
comprehensive remote assessment leveraging an ensemble 
of cutting-edge digital technologies, and the linkage between 
individual remote visits and participants' adherence to an ongoing 

digital intervention. However, some limitations should be noted. 
The relatively small pilot sample size and the stringent eligibility 
criteria, implemented to ensure participant safety, may limit the 
generalizability of the findings. Furthermore, due to the prospective 
nature of the study, detailed information on participants' prior 
antenatal care, methods of glycemic control, and obstetric history 
was not collected, which may constrain the interpretation of specific 
outcomes.

5  |  CONCLUSIONS

This pilot study suggests that a hybrid approach to maternal-fetal 
medicine, which integrates clinic visits with comprehensive virtual 
visits, may be feasible and safe. The findings indicate potential 
benefits in terms of time efficiency, patient satisfaction, and 
adherence to glycemic control, although further research with larger 
sample sizes, a more diverse cohort, and a control group is needed to 
fully assess the safety and efficacy of this approach.
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