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Abstract

Telehealth is an alternative care delivery model to in-person
care. It uses electronic information and telecommunication
technologies to provide remote clinical care to patients,
especially those living in rural areas that lack sufficient
access to health care services. Like other areas of care
affected by the COVID-19 pandemic, the prevalence of
telehealth has increased in prenatal care. This study reports
on telehealth use in prenatal care at a large academic medical
center in Middle Tennessee, USA. We examine the electronic
health records of over 2500 women to characterize 1) the
volume of prenatal visits participating in telehealth, 2)
disparities in obstetric patients using telehealth, and 3) the
impact of telehealth use on obstetric outcomes, including
duration of intrapartum hospital stays, preterm birth,
Cesarean rate, and newborn birthweight. Our results show
that telehealth mainly was used in the second and third
trimesters, especially for consulting services. In addition, we
found that certain demographics correlated with lower
telehealth utilization, including patients who were under 26
years old, were Black and/or Hispanic, were on a state-
sponsored health insurance program, and those who lived in
urban areas. Furthermore, no significant differences were
found on preterm birth and Cesarean between the patients
who used telehealth in their prenatal care and those who did
not.
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Introduction

Telehealth is broadly defined as the delivery and facilitation of
health and health-related services using electronic information
and telecommunication technologies. [1] It has brought
healthcare to patients living in rural areas that lack sufficient
access to in-person health care services.[2] Telehealth has
further played a role in supporting health care during disasters
when travel is limited and in-person care is disrupted. [3;4]
The range and use of telehealth services have increased dra-
matically over the past several decades. A wide variety of ser-
vices now benefit from telehealth, including long-distance
clinical care, patient and professional health-related education,
and health administration. [1] In the U.S., the number of pa-
tients who used telehealth technology has also grown by 20
times in a five-year span (2013 — 2018), and this number
reached an unprecedented 50 million in 2020. [5;6]

The 2019 novel coronavirus (COVID-19) was declared by the
World Health Organization (WHO) as a public health emer-

gency of international concern on January 30th, 2020. [7] Af-
ter the WHO officially classified COVID-19 as a pandemic,
[8] the number of infections in the U.S. grew exponentially.
[9] Due to rapid viral transmission [10], lack of effective anti-
viral treatments, and the potential for long-term sequelae from
viral infection [11], the CDC recommended that healthcare
providers expand telehealth service to its patient population.
[12] The American College of Obstetricians and Gynecol-
ogists (ACOG) has published President Task Force on Tele-
health. [13] The ACOG encouraged telehealth use in routine
prenatal care, consultation services (e.g., psychiatry, endocri-
nology, and nephrology), and postpartum blood pressure mon-
itoring. [13] Telehealth represents an alternative care model
for pregnant women to continue prenatal care while mitigating
viral exposure risk.

Various studies [14-18] have shown that telehealth has been
incorporated into obstetric care at an accelerated rate. These
studies also serve as initial investigations on how telehealth
was implemented in the obstetric setting [14-18] and what
possible barriers were in its implementation [19-23]. There are
several aspects of telehealth in prenatal care that have yet to
be addressed in these studies. Therefore, we leverage electron-
ic health records at a large academic medical center to investi-
gate several open issues on telehealth use in prenatal care.

First, what in-person prenatal visits can be replaced with tele-
health? Existing studies provide guidance [15-17] about the
implementation of telehealth in prenatal care from a theoreti-
cal perspective, but this guidance is not validated by the actual
telehealth use.

Second, what are the access barriers to telehealth in prenatal
care? Even though telehealth increases access to care for ob-
stetric patients, the rapid transition to telehealth can exacer-
bate health disparities [19], known as a digital divide [24;25].
Potential access barriers to telehealth, including low language
proficiency, device unavailability, and non-reimbursement for
telehealth in certain types of insurance, have not been system-
atically investigated in prenatal care.

Third, how does telehealth impact maternal outcomes? Both
care providers and patients are concerned about the impact of
telehealth on care quality [26;27]; however, few studies pro-
vide clear answers.

Methods

We begin this section with a description of the prenatal tele-
health dataset investigated in this study. Next, the data is ana-
lyzed to characterize: 1) trends of telehealth use during
COVID-19 pandemic, 2) the volume of prenatal visits using
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telehealth, 3) socioeconomic disparities in the patient popula-
tion using telehealth, and 4) the impact of telehealth on obstet-
ric outcomes.

Dataset

The Department of Obstetrics and Gynecology at Vanderbilt
University Medical Center (VUMC) provides prenatal care
and delivery services to over 4,500 women per year in metro-
politan Nashville and surrounding areas. Telehealth for preg-
nant patients began in the final week of March as the govern-
ment widely recognized the COVID-19 pandemic. Its continu-
ing use was suggested through the early summer as the out-
break in Tennessee grew. As such, the study period is from
March 23%, 2020 to July 2", 2020.

The Epic EHR system at VUMC, which serves as the central
source of documentation for patient care, records prenatal en-
counters and patient information. We collect the information
for 2,521 women in this system. The EHR documents patient
demographics (age, BMI, race, and ethnicity), residential ad-
dress, and types of health insurance. We discretize maternal
age into four groups: 1) younger than 17, 2) 17 to 25, 3) 26 to
35, and 4) over 35. If a pregnant woman is younger than 17
years old or older than 35 years old, her pregnancy is consid-
ered high risk [28].

In addition, we assign each patient to an urbanization level
based on their residential county according to the six-level
urban-rural classification scheme for U.S. counties and coun-
ty-equivalent entities developed by the National Center for
Health Statistics [29]. The most urban category consists of
central counties of large metropolitan areas (denoted as 1),
whereas the most rural category consists of nonmetropolitan
non-central counties (denoted as 6). Lastly, the insurance type
is represented as one of five types: 1) commercial (e.g., Aetna,
United Healthcare, or Blue Cross Blue Shield), 2) Medicare,
3) Medicaid, 4) state-level insurance (e.g., TennCare for resi-
dents in the State of Tennessee), and 5) some other form of
governmental insurance.

All prenatal care encounters were retrieved from the Epic
EHR system. Each encounter includes the date of service, visit
types (telehealth or non-telehealth), gestational age in weeks,
and purpose of visits. In addition, any patient who used tele-
health at any point of their prenatal care was assigned to the
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telehealth group. Lastly, we extract outcome information in
the delivery encounter for each patient. The outcomes of inter-
est include duration of intrapartum hospital stays (LOS in
days), preterm birth (gestational age < 37 weeks), Cesarean
section, and newborn birthweight in kilograms (kg).

Trends of Prenatal Telehealth Use

To study the trend of telehealth use in prenatal care during the
study period, we measure the number of telehealth visits per
day.

Prenatal Telehealth Visits

We divide prenatal visits into routine prenatal care and con-
sulting. Next, the entire prenatal journey is segmented into
three trimesters bases on gestational age, first trimester (1 — 12
weeks), second trimester (13 — 26 weeks), and third trimester
(after 26 weeks). Finally, we calculate the number of tele-
health visits in routine prenatal care and consulting services in
each trimester, respectively.

Sociodemographic Disparities by Telehealth Use

To investigate whether there exist disparities in prenatal tele-
health use, we compare socioeconomic factors between tele-
health and non-telehealth groups. For each factor, the two
proportion Z test is used for the confirmation of the signifi-
cances in the disparities. We take one of these socioeconomic
factors, ethnicity, as an example. Non-Hispanic is chosen as a
reference, and we investigate whether patients who were His-
panic and had undecided ethnicity had a different telehealth
usage, compared to non-Hispanic patients (reference).

Impact of Telehealth on Obstetric Outcomes

We also examine the impact of telehealth on obstetric out-
comes. First, case (telehealth) and control groups (non-
telehealth) are matched using propensity score matching on
age, race, ethnicity, and prenatal conditions, including hyper-
tensive disorder, gestational diabetes, and infections of geni-
tourinary tract in pregnancy. We then compare the obstetric
outcomes between telehealth and non-telehealth groups, in-
cluding LOS, preterm birth rate, Cesarean rate, birthweight in
kg.
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Figure 1 The number of telehealth encounters over the course of the study period
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Results

Telehealth Use Trend

Figure 1 shows the number of telehealth encounters for prena-
tal care during the study period. Telehealth visits rapidly esca-
lated in the week of March 23", peaked during the week of
April 7%, and slowly reduced after the week of June 29", This
reflected the trend of telehealth in the first few months of the
COVID-19 pandemic.

Routine Prenatal Visits and Consulting Services with
Telehealth Use

Figure 2 depicts the number of telehealth visits by types in
different trimesters. In the first trimester, the number of con-
sulting visits with telehealth was slightly larger than that of
routine prenatal care. This trend reversed in the second and
third trimesters. We also observe that many more routine visits
used telehealth in the second and third trimesters. Further-
more, compared to the first trimester, pregnant patients expe-
rienced many more telehealth visits in the second and third
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Sociodemographic Disparities by Telehealth Use

The statistical summary of socioeconomic factors in both tele-
health and non-telehealth groups is tabulated in Table 1. P-
values in bold indicate that there was a significant difference
in telehealth use compared with the reference group.
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Figure 2. Purpose of telehealth visits by trimester

trimesters.

Table 1 A comparison of telehealth and non-telehealth groups on sociodemographic factors

(OR: odds ratio; CI: confidence interval; bold font indicates statistical significance of 0.05 after Bonferroni correction)

Patients with Patients lacking
. , . i
Variable Category Patients te‘le‘ehealth telehealth visits OR (95% CI) p-value
visits
<17 15 (100%) 2 (13.33%) 13 (86.67%) 0.54 (0.08 —2.00) | 0.5394
N 17 - 25 (reference) | 668 (100%) | 156 (23.35%) | 512 (76.65%) 1 N.A.
(3
& 26 -35 1452 (100%) | 594 (40.91%) | 858 (59.09%) 2.27(1.85-2.80) | <0.0001
>36 386 (100%) | 186 (48.19%) | 200 (51.81%) 3.05(2.33-3.99) | <0.0001
Non-Hispanic 2098 (100%) | 853 (40.66%) | 1245 (59.34%) 1 N.A.
. (reference)
Ethnicity | piqpanic 376 (100%) | 71 (18.88%) | 305 (81.12%) 0.34(0.26 — 0.44) | <0.0001
Undecided 47 (100%) 14 (29.79%) | 33 (70.21%) 0.62(0.32—1.15) | 0.1331
White (reference) | 1551 (100%) | 683 (44.04%) | 868 (55.96%) 1 NA.
R Black 442 (100%) | 132 (29.86%) | 310 (70.14%) 0.54 (0.43-0.68) | <0.0001
ace
Asian 126 (100%) | 44 (34.92%) | 82 (65.08%) 0.68 (0.46 - 0.99) | 0.0498
Other 402 (100%) | 79 (19.65%) | 323 (80.35%) 0.31(0.24 - 0.40) | <0.0001
1 (the urbanist) o o o
(roforonce) 1313 (100%) | 415 (31.61%) | 898 (68.39%) 1 N.A.
2 884 (100%) | 337 (38.12%) | 547 (61.88%) 133 (1.11 - 1.59) | 0.0016
Urbanization |3 201 (100%) | 113 (56.22%) | 88 (43.78%) 2.78 (2.05-3.76) | <0.0001
level 4 18 (100%) 12 (66.67%) | 6 (33.33%) 427 (1.63-12.55) | 0.0016
5 65 (100%) 38 (58.46%) | 27 (41.54%) 3.04(1.83-5.10) | <0.0001
6 (the most rural) | 40 (100%) 23 (57.5%) 17 (42.5%) 2.92(1.54-5.63) | <0.001
Commercial o N o
(roforonce) 1141 (100%) | 552 (48.38%) | 589 (51.62%) 1 N.A.
TennCare 890 (100%) | 255 (28.65%) | 635 (71.35%) 0.43 (0.36-0.52) | <0.0001
Insurance | Medicare 20 (100%) 12 (60.00%) | 8 (40.00%) 1.59 (0.65 —4.14) | 0.3026
type Medicaid 9 (100%) 6 (66.67%) 3(33.33%) 2.08(0.53—10.48) | 0.2741
t(gher Governmen- | 45> (100%) | 89 (22.14%) | 313 (77.86%) 0.30 (0.23-0.39) | <0.0001
Other 59 (100%) 24 (40.68%) | 35(59.32%) 0.73(0.43-1.24) | 0.2483




506 C. Gao et al. / Telehealth Use in the COVID-19 Pandemic: A Retrospective Study of Prenatal Care

There are several findings worth highlighting. First, prenatal
visits were more likely to be delivered via telehealth for wom-
en aged 26-35 and over 35 (Odds Ratio 95% Confidence in-
terval OR [95% CI]: 2.27 [1.85 — 2.80] and 3.05 [2.33 —3.99],
respectively), comparing to the younger women (17 — 25).
Second, Hispanics used telehealth less than non-Hispanics
(OR [95% CI]: 0.34 [0.26 — 0.44]). Similarly, telehealth was
used by women who were Black or of other race (non-White,
non-Asian, non-Black) significantly less than White women
(OR [95% CI]: 0.54 [0.43 — 0.68] and 0.31 [0.24 — 0.40]).
Third, telehealth services were more likely to be utilized by
pregnant women who lived in rural areas (urbanization level
(OR [95% CI]): 2 (1.33 [1.11 — 1.59]); 3 (2.78 [2.05 — 3.76]); ;
4 (4.27 [1.63 — 12.55]); 5 (3.04 [1.83 — 5.10]); 6 (2.92 [1.54 —
5.63))) than those who lived in large metropolitan areas. Final-
ly, it was less likely for women with TennCare (state-level

Medicaid) and other governmental insurances (OR [95% CI]:
0.43 [0.36 — 0.52] and 0.30 [0.23 — 0.39], respectively) to have
prenatal care visits via telehealth than those who were com-
mercially insured.

Impact of Telehealth on Obstetric Outcomes

As shown in Table 2, there was no significant difference in
LOS and baby birthweight between the telehealth group and
matched non-telehealth group. In addition, although patients
in the telehealth group had a higher rate of preterm births and
Cesarean section than those in the matched non-telehealth
group, the differences were not significant (p-value: 0.7602
and 0.0998, respectively).

Table 2. Comparison of obstetric outcomes between telehealth and non-telehealth groups

Patients with one or more Matched patients lacking any _value
telehealth prenatal visits telehealth prenatal visits p
Number of patients 938 938 -
LOS
Mean (IQ) 3.0(2.1-3.3) 29(21-32) 0.4983
Preterm birth
<37 weeks 153 (16.3%) 127 (13.5%) 0.7602
> 37 weeks 785 (83.7%) 811 (86.5%)
Cesarean 398 (42.4%) 362 (38.6%) 0.0998
Birthweight in kg
Mean 3.188 3.161 0.3905
19Q) (2.860 —3.600) (2.842 —3.620)

Discussion

This study examined telehealth use for obstetric patients in
their prenatal care at a large academic hospital during the
COVID-19 pandemic. There are several findings worth not-
ing. First, the daily number of telehealth visits shows that tele-
health was rapidly implemented for prenatal care in the early
stage of the pandemic and its use decreased slowly after that.
Second, most prenatal telehealth visits exist in routine care
and consulting services in the second and third trimesters.
Third, our investigation also suggested that certain sociodem-
ographic factors were associated with a lower rate of tele-
health use. In particular, we found this to be the case for
younger patients, Black, of other race (non-White, non-Black,
and non-), Hispanic, with TennCare (state-level Medicaid in-
surance), or who lived in large metropolitan areas. Lastly,
telehealth visits were as effective as in-person visits since
there was no significant difference in the four obstetric out-
comes between telehealth and non-telehealth groups.

The results have several notable implications for the promo-
tion of telehealth in the post-COVID-19. First, they suggest
that there are disparities in the implementation of telehealth. It
is important to follow-up on this finding and investigate what,
if any, access barriers exist for patients who did not use tele-
health. For example, Hispanic patients may be reluctant to use
telehealth services due to low English language proficiency or
telehealth services without involving clinicians who speak
their language. TennCare, the state of Tennessee's managed
Medicaid agency, has covered telehealth services since the
beginning of the pandemic, and most TennCare-insured pa-
tients are from low-income households; therefore, there are
several potential access barriers to telehealth, including Inter-

net and device availability and low technology proficiency. As
such, efforts need to be made to

ensure that TennCare patients can access telehealth without
these barriers.

Second, the findings suggest that there is an opportunity to
promote telehealth to obstetric patients who live in metropoli-
tan areas (the city of Nashville in this study). Among the larg-
est population (52.1%) of the studied patients who live in the
metropolitan area, only less than one third (31.61%) of them
used telehealth in their prenatal care, comparing to a higher
adoption rate (55%) for patients who live in more rural areas.

Third, family members and pregnant women have concerns
about the care quality of telehealth visits. [26 - 27] Yet we
observed that there were no statistically significant differences
in the obstetric outcomes for patients who were managed via
telehealth or in person.

Still, there are several limitations to this pilot study. First, this
investigation only reflects telehealth usage at the VUMC, an
academic medical center that provides prenatal care for high-
risk pregnancy patients in middle Tennessee and nearby areas,
such that the findings may not generalize for other healthcare
systems. Second, we analyzed potential telehealth visits from
a space of two types of visits (routine prenatal care and con-
sult) by three trimesters, which were still at a coarse-grained
level. An ideal analysis would be conducted at the level of
gestational weeks. Additionally, we did not investigate the
satisfaction of clinicians and patients regarding telehealth use
in prenatal care. Thus, it is challenging for this study to rec-
ommend when telehealth should be used in prenatal care.

Third, although our analysis results indicated that certain sub-
populations were less likely to use telehealth, we did not ad-
just patients’ health conditions in these comparisons. In addi-
tion, more social determinants of health need to be incorpo-
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rated in this study, including years of education, lifestyle
choices, and poverty levels.

Conclusions

Telehealth was rapidly implemented and played an adequate
role in prenatal care, especially in the second and third tri-
mesters. Patients who had telehealth visits in their prenatal
care experienced comparable obstetric outcomes as those who
did not. However, there were disparities in telehealth use. Fur-
ther study was suggested to identify access barriers for the
underserved patient population.
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