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Abstract

Objective: To evaluate the safety and efficacy of premature
infant treatment managed by hybrid telemedicine versus
conventional care.

Methods: Prospective, noninferiority study comparing out-
comes of premature infants at Comanche County Memorial
Hospital’s (CCMH) Level I neonatal intensive care unit
(NICU) with outcomes at OU Medical Center’s (OUMC) Level
IV NICU. All 32-35 weeks gestational age (GA) infants ad-
mitted between May 2015 and October 2017 were included.
Infants requiring mechanical ventilation >24 h or advanced
subspecialty care were excluded. Outcome variables were:
length of stay (LOS), respiratory support, and time to full per
oral (PO) feeds. Parents at both centers were surveyed about
their satisfaction with the care provided. Between-group
comparisons were performed by using Chi-square or Fisher’s
exact test. LOS was assessed for normality by using the
Shapiro-Wilk test, and robust regression was used to con-
struct a multivariable regression model to test the indepen-
dent effect of location on LOS. All analyses were performed by
using SAS v. 9.3 (SAS Institute, Cary, NC).

Results: Data from 85 CCMH and 70 OUMC neonates were
analyzed. CCMH neonates had significantly shorter LOS,
reached full PO feeds sooner, and had fewer noninvasive
ventilation support days. Location had a significant indepen-
dent effect (p=0.001) on LOS while controlling for GA, gender,
race, surfactant use, inborn/outborn status, and 5-min APGAR
scores. CCMH patients had reduced LOS of 3.01 days (95%

confidence interval 1.1-4.8) than OUMC patients. Eighty-five
surveys at CCMH and 66 at OUMC were analyzed. Compared
with CCMH, OUMC parents reported more travel distance
difficulties. 92.5% reported telemedicine experience as good or
excellent, whereas 1.5% reported it as poor.

Conclusion(s): Hybrid telemedicine is a safe and effective way
to extend intensive neonatal care to medically underserved
areas. Parental satisfaction with use of hybrid telemedicine is
high and comparable to conventional care.

Keywords: telemedicine, pediatrics, e-health, telehealth,

telecommunications, NICU

Introduction
he preterm birth rate in the United States increased to
9.85% in 2016, a 3% rise from 2014 (9.57%). Most of
this increase was among infants born late preterm, up
from 6.87% to 7.09%." Although most hospitals have
facilities to deliver babies, only a few have the capability to
provide specialized care to neonates.”

The concept of perinatal regionalization was introduced a
few decades ago in an effort to provide high-quality, risk-
appropriate care to the mother-infant dyad. It is unfortunate
that the evidence basis for implementing the perinatal region-
alized system has lagged behind the development of such sys-
tems.? Since then, several studies have demonstrated decreased
mortality rates among very low-birth-weight infants who are
delivered and treated at higher levels of neonatal care (Level III
or higher).*”® The effect of perinatal regionalization on late
preterm infants is not known. It is unclear where moderately
and late preterm infants should receive their neonatal care.’

The American Academy of Pediatrics has published
guidelines defining the levels of neonatal care and required
personnel. These guidelines added in-house neonatal services
to the scope of Level Il neonatal intensive care units (NICUs).'°
Unavailability of neonatologists poses a challenge to the effec-
tive implementation of these guidelines. A recently published
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descriptive analysis of current perinatal resources showed that
there are 12.0 neonatologists per 10,000 live births in the
United States. Oklahoma is 1 of the 13 states in which less than
80% of women of reproductive age have access (defined as
living within 50 miles) to an NICU.'" Consequently, many
neonates, including moderately ill late preterm infants, are
often transferred to regional Level IV NICUs. This results in
mother-infant separation and potential breastfeeding dis-
ruption, high transportation costs, the emotional costs of
limited visitation, and family stress. Therefore, there has been
a recent interest in utilizing alternatives to patient transport
for coordination of patient care. One promising alternative is
the use of technology, such as telemedicine, which could al-
low patients to remain at a local, less specialized center and
still have access to a physician with subspecialty expertise.

Telemedicine use in critical care settings is mostly limited to
pediatric and adult populations.'?™'® The use of telemedicine
in the neonatal population is limited to consultation, tele-
echocardiography, retinopathy of prematurity screening,
neonatal resuscitation program education, postdischarge
follow-up, and family involvement.'®"** To date, few studies
report telemedicine use as a primary means of providing care
to premature infants in the NICU.?>?* Our current prospective
study was designed to evaluate the safety and efficacy of the
treatment of premature infants managed by a hybrid tele-
medicine system in a satellite Level II NICU at Comanche
County Memorial Hospital (CCMH) in Lawton, Oklahoma,
compared with conventional management provided to a
similar population in a regional Level IV NICU at OU Medical
Center (OUMC) in Oklahoma City.

Methods

This study is a prospective noninferiority design that was
conducted in NICUs at OUMC and CCMH. OUMC is a tertiary
care facility with a Level IV NICU (92 beds) that provides
continuous intensivist coverage, including daily bedside
rounds. CCMH is a community-level medical facility, located
90 miles southwest to OUMC that offers Level II NICU care (8
beds). Infants in the CCMH NICU are managed by using a hybrid
telemedicine system. Regulatory approval was separately ob-
tained through the Institutional Review Board at the University
of Oklahoma Health Sciences Center (OUHSC) for OUMC and
the internal research committee for CCMH, Lawton.

Neonates between 32 and 35 weeks gestational age (GA),
admitted to either CCMH or OUMC between May 2015 and
October 2017, were included. To ensure that patients at these
units were comparable in all respects other than travel dis-
tance, only families living >1h away were included at OUMC
and only families living <1h away were included at CCMH.

USE OF TELEMEDICINE IN NICU

This was done to have an ideal control population at OUMC
that was geographically similar to the population at satellite
NICU and to get the true effect of telemedicine use on parental
satisfaction.

Those neonates needing more than 24h of mechanical
ventilation or requiring advanced subspecialty care were ex-
cluded. Also, patients who were transferred between CCMH
and OUMC were excluded due to logistical issues as the study
was looking at a comparison of care between two centers.

Distance health care services were made available to CCMH
patients by using a telemedicine communication system
meeting the stringent clinical practice guidelines of the
American Telemedicine Association.”® This complex com-
munication system included a Polyc0m® (Pleasanton, CA)
videoconferencing base (HDX 7000) directly connected to the
CCMH hospital server. This server was configured to meet
federally mandated Health Insurance Portability and Ac-
countability Act (HIPAA) requirements. Between-site com-
munication was accomplished by using secure fiber optic lines
and routed through a secure, HIPAA-compliant network lo-
cated at OUHSC. These fiber optic lines were direct dedicated
lines utilized as a dedicated link to the hospital server at
CCMH, from where the signal was transmitted through a se-
cure fiber optic connection to the campus at OUMC and routed
through the OUMC secure network to the individual neona-
tologist’s secure laptop or desktop. The Polycom unit was
configured to support high-definition, two-way audiovisual
signals by using a high-speed Ethernet connection.

Before each telemedicine session, neonatologists were
contacted by a neonatal nurse practitioner (NNP) physically
located at CCMH. Once contacted, the remote intensivist
at OUMC initiated a videoconference call by using the
Polycom interface. The NNP then accepted input from the
system, which initiates full operation mode. The mobile
telemedicine cart was then moved from bed-to-bed as the
off-site provider and local NNP conducted bedside rounds.
The NNP physically present at the bedside then presented
relevant patient information to the remote intensivist at
OUMC, including information on all impacted organ sys-
tems, as part of the standard rounding practice. At this time,
the off-site physician, assisted by an NNP, examined the
infant via the telemedicine cart and participated by asking
questions and making clinical recommendations as needed.
The team then devised a plan for the day for each patient. As
is standard of care, either during typical in-person rounds or
during rounds conducted via telemedicine, parents are en-
couraged to attend and actively participate in these daily
patient visits. In addition to using the telemedicine system
for daily rounding, the NNP may use alternate means of
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contacting the intensivist as questions or issues arise. These
alternative communication avenues include telephone, text,
or e-mail message. Daily plan for the patients is documented
by the NNP in the Electronic Medical Record system on
a daily basis and is signed out to the incoming NNP dur-
ing handover report. Physicians have remote access to NNP
documentation.

Primary outcome measures included patients’ length of stay
(LOS), type and duration of respiratory support, and time to
full per oral (PO) feedings measured in days. Data were col-
lected by chart review. The LOS was reflective of total hospital
stay, as both centers have infants rooming in the day before
discharge as part of their standard practice. Comparisons were
done by stratifying GA in three groups: 32 weeks (32-32 6/7),
33 weeks (33-33 6/7), and 34 weeks (34-35 0/7). Between-
group comparisons were performed by using Chi-square or
Fisher’s exact test, as appropriate for the type of data ana-

lyzed. The LOS was assessed for normality by using the
Shapiro-Wilk test. Robust regression was used to construct a
multivariable regression model to test the independent effect
of location on LOS while controlling for GA, gender, race,
surfactant use, inborn/outborn status, and 5-min Apgar
scores. Apgar scores at 1 min were excluded due to the high
correlation with Apgar scores at 5min (0.75, p<0.0001).
Surfactant use was used as a surrogate to match for severe
respiratory distress. Chi-square or Fisher’s exact test was used
with a significance level of 0.05. All analyses were carried out
by using SAS v. 9.3 (SAS Institute, Cary, NC).

Previous experience with this population indicated and
expected mean LOS of 15 days with a standard deviation of
4 days.”* A sample of 230 (115 telemedicine, 115 reference)
will have 80% power to establish noninferiority in LOS for the
telemedicine group by using a noninferiority margin of 0.1,
which indicated a 10% difference in LOS.

NICU Satisfaction Survey

Statement
I was able to communicate routinely with the | Strongly . Strongly
neonatologist. Agree Agree | Neutral | Disagree | pje agree
My privacyand confidentiality were respected :
YP Y ; ; oy ; 53 Strongly Strongly
and protected during my infant’s hospital 5 :
stay Agree Agree | Neutral | Disagree | Disagree
I was comfortable with the physical exams
; ; . Strongly Strongly
completed on my infant during hospital ; :
stay Agree Agree | Neutral | Disagree | Disagree
I had difficulty making it to the hospital Strongly Strongly
i : 5 Agree | Neutral | Disagree :
routinely due to travel distance. Agree 8 v 1sag Disagree
Please indicate time you spent to travel to Less More More More More
be with your baby. than3o | than3o | than6o | thango | thanizo
minutes | minutes | minutes | minutes | minutes
What percent of the time of infant’s Less More
hospital stay were you able to participate in Mo than 0% than Almost
the daily rounds with the physician? 25% 3 50% all
Was telemedicine used for rounds with the " 6 - Greater
neonatologist during your infant’s 3 & 7 than 10
e No Times Times Times times
hospitalization?
If you answered no to the above question, you have completed the survey. Otherwise, please answer the following 3 questions.
The pict lity during Tel dici Vi y
- i e R pgg};. Poor Fair Good Excellent
rounds was good.
Th d lity during Tel dici Ve ;
EAOEIAL GUAECY i Tl caExtIcuns: pgg);. Poor Fair Good | Excellent
rounds was good.
How was your overall experience with gery Pesi Fair Gooil Bscellaiit
Telemedicine use oor
Additional Comments:
Thank you for participating in this survey. Please fold the survey and place in the attached envelope. The nurse at the bedside will collect it.

Fig. 1. NICU satisfaction survey. NICU, neonatal intensive care unit.
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Prospective Telemedicine Study

32 0/7 weeks to 35 0/7 weeks
Gestation

OUMC (Level 4 NICU)

CCMH (Level 2 NICU)

Total Screened - 810

Total Screened- 110

EXCLUDED - 740
Drove < 1 Hour to NICU — 485
Congenital Anomaly- 15
Social issues / Language Barrier -29
Prolonged ventilation-38

Complex Disease — 14

EXCLUDED - 25
Drove > 1 Hour to NICU — 4
Transfer to Level 4- 1
Admission as back transfer - 2
Social issues / Language Barrier- 5

No family contact - 13

Consented and
L Enrolled

Back Transferred to CCMH - 16
No family contact - 143

Consented and

70

Enrolled I

85

Fig. 2. Study population flowchart diagram. CCMH, Comanche County Memorial Hospital; NICU, neonatal intensive care unit; OUMC,

Oklahoma University Medical Center.

Parents at both centers were surveyed about their satis-
faction with the care provided by utilizing a 10-question
survey (Fig. 1). The final three survey questions addressed
satisfaction with the technical aspects of telemedicine and
were answered only by parents who were exposed to tele-
medicine during their stay. The survey consisted of five-point
Likert scale questions with response options of strongly agree,
agree, neutral, disagree, and strongly disagree. The survey was
given to parents before discharge.

In addition, transport cost savings were calculated by
multiplying the total number of study patients at the satellite
Level I NICU by standard transport cost per patient. The
transport cost per patient was calculated as Base Cost ($3,352)
+ Mileage Cost ($23.91 per nautical mile x distance between
the two hospitals). Base and mileage costs were for Rotor
transport by company Air Methods®, Colorado.

Results

Study population flowchart diagram is demonstrated in
Figure 2. At the interim analysis, primary outcome measure
was statistically significantly shorter at CCMH compared with
OUMC ensuring noninferiority conclusion; therefore, the
study was stopped at that point. One hundred fifty-five ne-
onates, 85 at CCMH and 70 at OUMC, met inclusion/exclusion
criteria and were included in the analysis. Approximately
28% of CCMH neonates were less than 33 weeks GA, com-
pared with 34% of neonates at OUMC. Table I The demo-
graphic characteristics of these groups are provided in

Table 2. About 92% of enrolled infants at CCMH were in-
born, compared with 80% at OUMC. Prematurity, hyperbilir-
ubinemia, respiratory distress syndrome, and hypoglycemia
were the four most common diagnoses at both centers. CCMH
neonates had significantly shorter hospital stays, reached full
PO feeds sooner, and required fewer days on noninvasive
ventilation support (Table 3). LOS was not normally distrib-
uted, so the multivariable regression model was created by
using robust regression methods. Location had a significant
independent effect (p=0.001) on the LOS while controlling
for GA, race, gender, severe respiratory distress syndrome or
surfactant use, 5-min Apgar scores, and inborn/outborn sta-
tus. Specifically, participants at CCMH had a reduced LOS of
3.01 days (95% confidence interval 1.1-4.8) compared with
those at OUMC. Table 4 Data from 85 surveys at CCMH and 66

Table 1. Number of Neonates Stratified by Gestational
Age for Each Center

GA (WEEKS) CCMH, N (%) OUMC, N (%)
32 11 (12.94) 12 (17.14) 0.1345
33 17 (20.00) 22 (31.43)
34 57 (67.06) 36 (51.43)
Total 85 70

CCMH, Comanche County Memorial Hospital; GA, gestational age; OUMC,
Oklahoma University Medical Center.
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Table 2. Demographic Characteristics of Patients at
Each Center

Table 3. Outcome Measures

GA (WEEKS) CCMH, ouMC,
PARAMETER CCMH, N (%) | OUMC, N (%) (CCMH/OUMC) (M) MEAN (SD) | MEAN (SD)
Race LOS (days)
African American 21 (24.71) 5 (5.71) 0.0015* 32 Weeks (11/12) 17.55 (4.82) 19.75 (4.11) 0.2503
American Indian 6 (7.06) 5(7.14) 33 Weeks (17/22) 12.71 (4.37) 16.05 (4.40) 0.0182*
Hispanic 6 (7.06) 3 (4.29) 34 Weeks (57/36) 9.63 (4.36) 13.39 (6.56) 0.0053*
Caucasian 36 (42.35) 50 (71.43) Overall average (85/70) 11.27 (5.15) 15.31 (6.00) <0.0001*
Others 16 (18.83) 8 (11.43) Days on noninvasive ventilation
Gender 32 Weeks (9/6) 1.81 (1.13) 4.8 (4.95) 1.0000
Male 55 (65) 39 (56) 0.2541 33 Weeks (11/13) 2.54 (2.94) 3.41 (3.26) 0.4869
Female 30 (35) 31 (44) 34 Weeks (32/13) 2.18 (1.93) 461 (8.16) 0.2442
Birth location Overall average (52/32) 2.20 (2.05) 4.16 (5.85) 0.1685
Inborn 78 (92) 56 (80) 0.0332* Days on oxygen
Outborn 7 (8) 14 (20) 32 Weeks (6/5) 6.76 (11.27) 4.49 (3.93) 1.0000
*p<0.05. 33 Weeks (7/11) 2.67 (3.32) 2.04 (3.93) 0.0853
CCMH, Comanche County Memorial Hospital; OUMC, Oklahoma University
e 34 Weeks (23/10) 2.59 (1.99) 499 (7.12) 0.9844
edical Center.
Overall average (36/26) 3.3 (5) 3.65 (5.37) 0.1967
Time to reach full feeds (days)
at OUMC were analyzed. Compared‘ with .CCMH patients, 32 Weeks (7/11) 457 (2.23) 5.50 (1.75) R,
OUMC parents reported more travel difficulties, and they had
lower participation in rounds (Fig. 3). Participation in rounds B Wiads (11122 ) 200 (&) 02819
was also used as a surrogate measure for parental visitation. 34 Weeks (36/27) 372 (1.92) 4.00 (2.39) 0.6364
Overall, 92.5% of the CCMH parents reported the telemedicine Overall average (54/60) 487 (8.41) 4.63 (2.62) 0.0853
experience as good or excellent, whereas 1.5% reported it as Time to reach full PO feeds (days)
poor (Fig. 4). Lastly, we estimated that the transport cost 2 ook ) 073 ] p- 006"
savings were $475,000 [no. of patients enrolled in the study at s Wilt 7 e 1o B4 ;
satellite Level II NICU (85) x The transport cost per patient: 33 Weeks (17/22) 9.94 (9.67) 1286 (537) 0.0083"
Base Cost ($3,352) + Mileage Cost ($23.91 per nautical 34 Weeks (57/36) 6.42 (4.56) 10.03 (8.95) 0.0624
milex 91 miles)]. Overall average (83/70) 7.43 (6.30) 1220 (7.77) | <0.0001%

Discussion

This prospective study results showed that patient outcome
measures of infants managed by the hybrid telemedicine
system at a satellite Level II NICU were not inferior to those of
conventional management provided to similar infants at a
regional Level IV NICU. Parents also reported a high level of
satisfaction with technical aspects of telemedicine. There were
no differences noted in the degree of parental satisfaction with
the other aspects of care when the care was provided by using
telemedicine versus conventional care. LOS was the main
primary outcome measure and was noted to be shorter for
infants who received care at the satellite Level II NICU via
telemedicine than for similar infants who received care at the
regional Level IV NICU.
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*p<0.05.

CCMH, Comanche County Memorial Hospital; GA, gestational age; LOS, length
of stay; OUMC, Oklahoma University Medical Center; PO, per oral; SD, standard
deviation.

A few factors may result in the shorter LOS at this satellite
Level II NICU. First, this hybrid telemedicine setup allowed
families to spend more time with their babies due to fewer
travel difficulties, as infants were managed at a local hospital
closer to home. Higher family participation permitted longer
mother-infant bonding, which likely was an influencing
factor for the infant’s ability to reach full PO feedings sooner,
therefore necessitating a shorter LOS. Second, we speculate
that nursing assignments at the Level IV NICU could be
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Table 4. Multiple Linear Regression for Length of Stay

USE OF TELEMEDICINE IN NICU

EXPLANATORY
VARIABLES ESTIMATE SE 959% CI CHI-SQUARE Pr > CHisa

Intercept 1 122.1797 19.0883 84.7673 159.5920 40.97 <0.0001
Gestational weeks 1 -3.2315 0.5716 —4.3518 —2.1112 31.96 <0.0001
Race 6 NS
Sex

Female 1 0.0933 0.9037 —1.6780 1.8646 0.01 09178

Male 0 Reference
Inborn or outborn

Inborn 0.8774 1.3149 —1.6998 3.4546 0.45 0.5046

Outborn 0 Reference
APGAR score at 5min 1 0.2829 0.3613 —0.4253 0.9911 0.61 0.4337
Location

CCMH 1 -3.0156 0.9491 —4.8758 =1.11555 10.10 0.0015

oumc 0 Reference
Surfactant dose

No 1 —2.0807 1.2058 —4.4439 0.2826 2.98 0.0844

Yes 0 Reference
Scale 1 4.2379

CCMH, Comanche County Memorial Hospital; Cl, confidence interval; OUMC, Oklahoma University Medical Center.

Parental Satisfaction with Care

Communication with Neonatologist

Comfort with Exam

Confidentiality

Transportation Difficulty

Drive Time > 60minutes

Participation in Rounds

0% 20%
m Level IV NICU (N=66)

40% = 60%

m Level Il NICU (N=85)

80%

100%
% P<0.05

120%

Fig. 3. Parental satisfaction with care at both centers. NICU, neonatal intensive care unit. Color

images are available online.

another reason. There are times
when the nursing assignment at
the Level IV NICU could include
taking care of a high acuity patient
at the same time as another patient
who is a “feeder and grower.”
This approach could result in less
attention, from a nursing stand-
point, to work on the growth and
discharge planning needs of the
late premature infant. The lower
acuity assignments at Level II
permit nursing to work on the
growth and discharge planning
needs of late premature infants.
In a recently published study,
our group reported similar fa-
vorable outcome measures with
telemedicine use.* Our previous
study was retrospective and did
not assess parental satisfaction or
transport cost savings. To our
knowledge, there is only one re-
ported prospective trial on the use
of telemedicine for rounding in
NICU.? This study demonstrated
that telemedicine can be utilized
by neonatologists to perform
daily patient rounds in the neo-
natal intensive care unit as long
as direct bedside care providers are
available. It was conducted at an
academic institution where there
was 24/7 access to a resident and
neonatologist, if needed. The
neonatologist was also available
in-house at night. This feasibility
study tested whether telemedicine
rounds are effective and showed
that there were no significant dif-
ferences in outcome measures when
telemedicine care was utilized. The
authors concluded that although
they do not envision the use of this
system in academic settings where
neonatologists are present 24/7, the
technology has clear potential in
settings where there is a lack of
access to neonatologists in person.

MARY ANN LIEBERT, INC. o VOL. 26 NO. 2 e FEBRUARY 2020 TELEMEDICINE and e-HEALTH 181




MAKKAR ET AL.

Parental Satisfaction with Technical Aspects
100%

90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Picture quality Sound quality

m Good/Excellent mFair mPoor/Very Poor

Our next objective is to do a
detailed cost analysis to report the
financial feasibility of the im-
plementation of this system. We
speculate that the reduced LOS
would result in significant hos-
pital cost savings.

Conclusions

We conclude that this hybrid
telemedicine system is a safe and
cost-effective way to extend in-
tensive care to late premature ne-
onates in medically underserved
areas. Parental satisfaction with

Overall experience

Fig. 4. Parental satisfaction with technical aspects of telemedicine. Color images are available

online.

Bourque and Hwang recently wrote an interesting summary
of the utilization of NICU care among infants of varying birth
weights and GAs.’ The author stated that there is sufficient
evidence that very low-birth-weight infants have better out-
comes when they are delivered and treated at higher levels of
neonatal care (Level III/IV), but less is known about where
moderately and late preterm infants should receive their neo-
natal care. Harrison et al. also reported that there the NICU is
underused for very low-birth-weight infants and overused for
infants >1,500 g, based on NICU bed supply.?® To date, there are
no studies comparing the outcome measures of care provided to
late premature infants at Level II versus Level IV NICUs.

Although our results were reassuring, the study has some
limitations. One such limitation was the small sample size.
Although the power analysis called for the enrollment of
230 study participants, the inclusion/exclusion criteria re-
sulted in only 155 neonates being eligible for inclusion in
the data analysis. Given that at the interim analysis, primary
outcome measure was statistically significantly shorter at
CCMH compared with OUMC ensuring noninferiority con-
clusion, we did not feel that we should further extend the
study in the hopes of meeting this number. Future studies
will need to be done, with a larger subject sample, to fully
address this issue. Due to the nature of the study, we were
not able to randomize patients. However, we made attempts
to match for acuity to compare medically similar patients at
both centers, utilizing stringent inclusion/exclusion criteria.
Based on transport cost savings, we concluded that the
system is cost effective. However, we did not evaluate de-
tailed hospital costs per site.
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the use of hybrid telemedicine was
particularly high, due to reduc-
tions in transportation difficulties,
as the infants were able to stay at a
local hospital without compromising the quality of care.
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