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BACKGROUND

METHODS

CONCLUSIONS
Pregnant women can successfully use the fully remote, wireless, self-
administered, INVU™ monitoring platform to collect routine data for prenatal 
care.

The self-administered INVU™ platform overcomes many known limitations of 
other FHR monitoring techniques:

INVU™ produces a highly accurate separation of the FHR from the 
maternal signal thus significantly reducing the undesirable false-alarms.

INVU™  offers a protocol-driven approach to home monitoring, ensuring 
that the usage is subjected to physician guidelines only.

It is known that some FHR monitoring technologies, such as CTG, have a 
lower reliability in patients with high obesity. INVU™ has overcome this 
challenge and enables successful monitoring of high-BMI patients at 
home (or in the clinic).

The INVU™ platform can potentially shift care away from the clinic and realize 
benefits for the pregnant woman, the healthcare provider, and health systems, 
specifically, increased patient convenience and peace of mind, improved 
physician operational efficiency, and improved compliance.
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Figure 2- the training module in the mobile app of the pregnant woman. A step-by-step description of the training process.

Figure1. 

The INVU™ monitoring platform (above) comprises a wearable sensor band (below), and is accompanied by a BP 
cuff, both passively collects multiple sources of physiological signals from fixed locations and transmits the data 
for cloud computing to deliver a variety of clinical endpoints including FHR, MHR, UA and BP measurements. Two 
mobile apps, tailored to either the healthcare provider or the pregnant woman, enable remote monitoring.
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Telehealth can be applied for many aspects of maternity care, including 
online communication with providers, virtual prenatal and postnatal care 
visits, at-home monitoring, and consultation with specialists. 

Considering the COVID-19 pandemic, there is an increased need for and 
use of telehealth, to maintain distance between providers and patients in 
appropriate situations and reduce virus transmission.

Fetal heart rate (FHR) and blood pressure (BP) are routine aspects of 
prenatal monitoring from 12 weeks gestational age. However, there are 
many challenges with implementing true remote FHR monitoring, including 
obtaining a robust FHR signal when self-applying a hand-held doppler, 
separating the FHR signal from contaminating maternal cardiac signals, and 
ensuring proper use in accordance with the written instructions . 

We have developed an accurate, protocol-driven, platform for remote self-
collection of vitals during pregnancy through wireless wearable devices, 
including a self-administered, FDA-cleared INVU™ sensor band (Nuvo 
Group) for prenatal monitoring, accompanied by peripheral devices based 
on utility needs, such as BP cuffs for remote PNV.

Here we report on 2 studies related to patient use of the prenatal monitor: 
1) a human factors/usability validation study for the patient-facing 
components, and 2) a multi-center study to evaluate if FHR, MHR, and 
BP monitored remotely with the self-administered device could provide 
clinically reliable data

The INVU™ sensor band is composed of a wireless, wearable sensor band containing 4 
acoustic and 8 bioelectric sensors to record the maternal and fetal phonocardiograms and 
electrocardiograms, respectively (Figure 1-B, figure 3), and accompanied by a stand-alone 
blood pressure monitor (UA-651BLE, A&D Medical). The platform also contains a cloud-
based application that performs FHR and MHR detection; a mobile application used by the 
pregnant woman (Figure 1-A); and a web-based application where the healthcare provider 
can view the FHR and MHR recorded by the sensor band, and the BP data.

The healthcare provider defines the woman’s care plan (i.e., the number and length of 
monitoring sessions, and the gestational week at which to begin monitoring) through the 
mobile application

Study 1 – A human factors validation study - enrolled 15 pregnant women (≥32  weeks; 
weight<350 pounds), to complete expected scenarios for remote monitoring with INVU™.

Study 2 – Clinical Validation of Data- a 2-center, prospective, open-label study of clinical 
data usability was conducted with 13 pregnant women (≥24+2 weeks; BMI<48.2). After an 
in-clinic training session, participants self-applied the sensor band at home and initiated 
fetal heart rate (FHR) and maternal blood pressure (BP) monitoring (1/day for 5 days). 
After completing all sessions, clinical personnel determined if all the monitoring data 
captured (FHR, maternal heart rate, and BP) were acceptable for clinical utility for a routine 
prenatal visit (Y/N).

Following the abovementioned studies, we have added a training module via the mobile 
app for the pregnant woman, to enable her an easier and smoother self administration of 
the product. These training sessions guide the pregnant woman towards optimizing her 
performance and finding the optimal position for the monitor device according to her 
physiological profile. Figure 2 elaborates the step-by-step animation-based instructions 
explaining how to prepare for a session, wear the band, and run practice(not clinical)-
sessions.

93.3% (14/15) of participants in the human factors study completed 
monitoring session tasks as expected, with 1 non-critical error. 

All participants successfully ran a monitoring session by self-administering the 
INVU™ sensor band to capture FHR.

In the clinical data usability study, 96.9% (62/64) of home monitoring sessions 
were deemed clinically acceptable.

Blood pressure monitoring data was deemed clinically acceptable from 98.5% 
of blood pressure monitoring sessions through the prenatal monitor platform.

Clinically acceptable data were also obtained in this study from a patient with 
severe obesity.

Figure 3- A participant with self-applied FHR/MHR monitoring sensor band. 

Table 1 - Demographic and Baseline Characteristics of Study 2 (Clinical Acceptability)

Subject ID Age, 
years

Gestational 
age at 

enrollment, 
weeks+days

Pre-
pregnancy 
weight, lbs

Pre-
pregnancy 
BMI, kg/m2

Race, 
ethnicity

Medical 
condition

High-risk 
pregnancy

STUDY SITE 1

HFHS1 26 24+2 364 48.0 Black Chronic 
hypertension Yes

HFHS2 26 38+3 123 21.8 Caucasian NR No

HFHS4 33 25+5 108 20.1 Asian Antiphospholipid 
syndrom Yes

HFHS5 26 36+4 140 23.0 Caucasian Asthma No

HFHS6 29 31+6 133 23.6 Caucasian NR No

HFHS7 36 35+2 147 25.2 Caucasian Systemic lupus 
erythematosus Yes

HFHS8 31 28+4 140 24.0 Hispanic MR No

HFHS9 43 35+3 160 22.3 Caucasian NR Yes

Mean 31.3 32+0 165.7 27.6

SD 5.6 5+0 72.5 8.2

STUDY SITE 2

Ax1 33 24+6 156 26.9 Caucasian NR No

Ax2 28 31+4 114 22.1 Caucasian NR No

Ax4 33 29+5 157 28.7 Caucasian NR No

Ax7 33 32+3 120 22.5 Caucasian NR No

Ax8 35 34+0 141 23.4 Caucasian NR No

Mean 32.1 30+4 137.6 24.7

SD 2.6 3+4 20.0 2.9

OVERALL
MEAN 31.7 31+3 154.1 25.5

Abbreviations: BMI, body mass index; NR, none reported

Figure 4-  
A. Screenshot of the healthcare provider-facing web application displaying fHR, mHR and maternal uterine activity
    (MUA; this datum was not present at the time of the study and is not FDA-approved yet).

B. Screenshot of the patient-facing mobile application displaying the average FHR and MHR of the entire session and  
     kicks added by the pregnant woman during the monitoring session.
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