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Implementation and effectiveness

of Teleneonatology for neonatal intensive care
unit consultations in the Netherlands: a hybrid
type lll implementation pilot

Josephine HL Wagenaar'%?, Julia Broos®, Ron HT van Beek*, Henrike Pas', Martijn Suurveld', Anne Jacobs,
Fredrik Bodell®, Sylvia A Obermann-Borst®, Florian Cassel', Maaike S. Kleinsmann?, Saba Hinrichs—Krapelsz,
Irwin KM Reiss'® and H Rob Taal""

Abstract

Background Real-time audiovisual communication between healthcare providers (HCP) at different hospitals
(TeleNeonatology) can improve neonatal outcomes, address capacity challenges, and reduce emotional burden on
parents. Despite its potential, TeleNeonatology has yet to be widely implemented in routine clinical care, partly due to
non-optimal integration into care pathways and working routines. To provide insights for further adoption, this study
presents the evaluation of a pilot in the Netherlands.

Methods A prospective hybrid type Il effectiveness-implementation study was conducted in 2024. During the
pilot, a TeleNeo program facilitated both acute and elective communication between Erasmus MC NICU-level IV

and Amphia NICU-level IIl. The TeleNeo program was developed and continuously improved during the pilot using
co-creation with HCP and parents to enable embedding in care pathways and working routines. A mixed-methods
approach was used for evaluation. The primary outcome was a validated 21-item usability questionnaire with five-
points Likert Scale questions for parents (n=50) and HCP (n=85). Implementation determinants were evaluated with
semi-structured interviews and surveys. Effectiveness was measured via parent reported experiences, and clinical
outcomes length-of-stay and transfer rate.

Results Twelve months of implementation led to 99 consultations for 50 patients and families, including 33 acute
patients, possibly in need of an acute transfer. Evaluation showed high feasibility and adoption. Usability was high
among parents (n=26, median score 5 [interquartile rage: 4-5]) and HCP (n=48, median score 5 [interquartile range
4-5)). Parents valued rapid expert availability, involvement in transfer decisions, and experienced shared care between
the NICUs. HCP observed quick and approachable communication, quicker medical decisions, improved quality

of care, and smoother transitions between NICUs. Nurses were able to be more pro-active. In 18% (6/33) of acute

*Correspondence:
H Rob Taal
h.taal@erasmusmc.nl

Full list of author information is available at the end of the article

© The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the

licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http:/creati
vecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1186/s12887-025-05923-y
http://crossmark.crossref.org/dialog/?doi=10.1186/s12887-025-05923-y&domain=pdf&date_stamp=2025-7-26

Wagenaar et al. BMC Pediatrics (2025) 25:574

Page 2 of 12

Digital health

cases transfers were perceived to be prevented. HCP highlighted TeleNeo's influence on the local teams'autonomy,
communication styles, and financial aspects as important barriers in interviews (n=12) and questionnaires (n=65).

Conclusions Pilot implementation showed high feasibility of our TeleNeo program, enabling shared care at the
optimal location for our patients. Our findings will guide a robust strategy for implementation in the Southwest of the
Netherlands, enhancing neonatal care, parental satisfaction and nursing experience.

Keywords Telemedicine, Neonatology, Implementation science, Neonatal intensive care unit, Infant, Co-creation,

Background

Neonatal care in the Netherlands is regionally organized
across three levels of care, ensuring neonates receive
appropriate level of care as close to home as possible.
However, increasing capacity strain, mainly due to nurse
shortages [1], has created challenges in maintaining local
high-quality neonatal care. Furthermore, there is a grow-
ing emphasis on improving both parental experience [2]
and overall quality of care [3]. Addressing these chal-
lenges requires innovative approaches to optimize neo-
natal healthcare delivery.

Telemedicine, defined as the remote delivery of health-
care, is increasingly being used in healthcare delivery [4].
Within neonatal care, TeleNeonatology, offers potential
for improving neonatal care [5]. Studies have demon-
strated that TeleNeonatology, in the form of audio-visual
communication between healthcare providers (HCP),
can help overcome distances and support local patient
management [6—8]. It has been shown to improve the
quality of care by enabling comprehensive visual and
(when necessary) radiological evaluations [9], improve
parental experiences [10], and alleviate capacity strain at
higher-level NICUs [11, 12].

Despite these potential benefits, the adoption and
implementation of TeleNeonatology has not been widely
spread. Telemedicine is generally considered a complex
intervention, because of the need to be embedded into
multiple working routines and match with wishes and
demands from different stakeholders [13]. The success of
implementation of complex interventions, such as Tele-
Neonatology, is challenging and proving effectiveness
is often negatively influenced by multiple interrelated
contextual factors [14, 15]. Important context specific
barriers to successful adoption are lack of resources and
time regulatory frameworks and finances, the attitude of
healthcare professionals towards the intervention, and
non-compatibility with existing working routines and
care pathways [15-19]. Furthermore, as the impact of
implementation is strongly context dependent, complex
innovations cannot be directly transferred from one set-
ting to another without adaptation [20]. Successful imple-
mentation requires four critical components: exploring
local context, involving stakeholders, determining a clear
value proposition, and tailoring the intervention to the

local needs and workflows [20, 21]. Co-creation has been
found to be an effective method to efficiently explore
context and refine interventions with stakeholders to suc-
cessfully embed interventions into existing care struc-
tures [22]. Involving local stakeholders, like physicians,
nursing staff and parents, already from the design phase
onward, helps to create shared understandings and con-
tributes to adoption and sustainable implementation of
technological innovations [23].

Given the potential benefits of TeleNeonatology in
addressing capacity challenges in our region, we under-
took a project to pilot its implementation. Our interest
was to explore both the effectiveness of the intervention
itself, as well as empirically studying its implementation
strategies. By integrating approaches from implementa-
tion science and co-creation we designed a comprehen-
sive pilot implementation to optimize local usability and
sustainable implementation of TeleNeonatology. Using a
hybrid implementation-effectiveness study design [24],
we aimed to evaluate both the implementation strategies
employed during the pilot of our TeleNeonatology pro-
gram and the preliminary effectiveness of TeleNeonatol-
ogy within our region in The Netherlands.

Methods

A hybrid type III implementation-effectiveness design
was used to evaluate the pilot implementation of Tele-
Neonatology, as an obligatory real-time audiovisual add-
on service to the communication between the Amphia
Hospital NICU-level II and the Erasmus MC NICU-level
IV from January 1st 2024 to December 31st 2024. The
full study protocol was published previously [25]. The
implementation process and a summary of the study pro-
tocol are presented in this methods section.

Implementation process

To ensure successful adoption, our implementation
process focused on designing a TeleNeo program that
smoothly integrates into the local neonatal care pathway,
working routines and the parent journey. Therefore, our
process entailed active stakeholder involvement, co-cre-
ation to develop the program together with stakeholders
to create shared understanding, and continuous improve-
ment throughout the pilot [13, 26].
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Initial development of the TeleNeo program and
implementation strategies

Prior to the start of the pilot, following guidance from
implementation sciences [24, 27], we have performed a
stakeholder analysis using the Salience model [28], a lit-
erature review, and context evaluation to explore barriers
and facilitators for TeleNeonatology using the Non-adop-
tion, Abandonment, Scale-up, Spread and Sustainability
(NASSS) framework [21]. Based on the identified barri-
ers and facilitators [25], we developed our TeleNeo pro-
gram and its corresponding implementation strategies in
co-creation with pediatricians, nurses, a representative
from the neonatal patient and parent advocacy organi-
zation, technicians, and managers [26, 29]. In summary,
the TeleNeo program introduced real-time audiovisual
consultations between the NICU-level II and NICU-
level 1V, referred to as TeleNeo consultations. TeleNeo
consultations replaced telephonic consultations between
NICU-level II pediatricians and NICU-level IV neonatol-
ogists, the current standard of care, for acute, or urgent,
situations. A 24/7 availability was guaranteed by three
remote neonatologists (ZTeleNeonatologists) on call. Fur-
thermore, in our region, back transfers from NICU-level
IV to NICU-level II are carried out as soon as a patient
stabilizes (maximum level of respiratory support of con-
tinuous positive airway pressure of 5/6 and no need for
invasive monitoring), and has reached a postmenstrual
age of >30 weeks, and weight of >1000 g. Medical hand-
offs before back transfer are performed by phone and
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on paper between nurses and physicians separately. In
our TeleNeo program, we designed elective, or planned,
consultations including a multidisciplinary handoff with
parents, nurses and physicians before transfer, and joint
daily rounds after transfer (Fig. 1).

Continuous improvement of the TeleNeo program

During the pilot we received personnel’s feedback on,
among others, technical issues, perceived usefulness,
communication and integration into daily work. The
feedback was collected through TeleNeo consultation
surveys, the midpoint evaluation questionnaires after 4
months of the pilot, focus group sessions with nurses and
pediatricians after 4—5 months of the pilot, and informal
talks throughout the pilot. This feedback was discussed
during monthly evaluation sessions with our research
team. Supplemental 1 presents a figure that illustrates the
conceptualization of improvement cycles throughout the
pilot, all modifications made during the pilot and a key
example to illustrate the use of the continuous improve-
ment cycles.

Technology

The Teladoc Lite 4 with Boom Arm from Teladoc Health
(New York, United States) was used as the telemedicine
device during the pilot. This device was chosen based
on previous experience by colleagues [30] and a market
exploration. They preferred this device as it is movable,
has high-quality audio, three high-quality camera’s that

Acute consultations

Consultations to enhance transfers from
NICU level IV to NICU level Il

Physician-physician

Neonatal resuscitation ;
consultation

Unexpected preterm
birth (<32 weeks
gestational age)

All possible

consultation questions

Neonatal resuscitation e.g. respiratory
distress, neurological
evaluation, suspected

sepsis etc.

>32 weeks gestation
age

With indication for

transfer to NICU-level
/v

Fig. 1 Indications for TeleNeo consultations

After transfer from
Erasmus MC to Amphia

Before transfer from
Erasmus MC to Amphia

Multidisciplinary
handoff with parents,

Collaboration during
nurses, and daily rounds

pediatricians
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can be used through the walls of an incubator, the abil-
ity to control the cameras remotely, and to connect other
video sources such as an ultrasound machine or video
laryngoscope.

Outcome measures

A mixed-methods approach was used to evaluate the
implementation and preliminary effectiveness of Tele-
Neonatology [25]. A comprehensive set of outcomes
measures was collected and categorized to (1) imple-
mentation outcomes, summarized as feasibility and mea-
sured by usability, adoption, and appropriateness, (2)
service outcomes, e.g. timeliness and safety, and (3) cli-
ent outcomes, e.g. transfer rates and parental experiences
(Fig. 2). The costs analysis will be discussed in a separate
article.

Participants

All patients meeting indications for TeleNeo consulta-
tions (Fig. 1) were eligible to be included in the pilot. A
sample size calculation was not performed, as the num-
ber of patients is dependent on clinical cases and the
number of consultations was one of the implementation
outcomes. Parents were asked informed consent to com-
plete the adjusted Telehealth Usability Questionnaire
(aTUQ, Supplemental 2). All HCP working with the Tele-
Neo at the Amphia Hospital were invited to participate in
the evaluation questionnaires.

Data collection

Data sources were the electronic health records, ques-
tionnaires for parents and health care personnel, 12
semi-structured interviews with different types of stake-
holders, and call logs from the Teladoc. The question-
naires used were the following (Supplemental 2); (1)
TeleNeo surveys after each consultation to be filled in by
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both the local team and the TeleNeonatologists, (2) an
adjusted version of the aTUQ with 21 5-point Likert scale
questions on usefulness, ease of use, technical aspects,
reliability and satisfaction of TeleNeonatology distributed
to parents after consultations and to personnel at the
midpoint and at the end of the pilot, and (3) a question-
naire designed for HCP at midpoint and at end of pilot
incorporating targeted questions to assess the perceived
usefulness and identify potential barriers for implemen-
tation success.

Patient, parent and HCP data collection was anony-
mized and managed using the CASTOR EDC data col-
lection tool (Philadelphia, United States). Interviews
were transcribed, group sessions were summarized
by meeting notes, and the original recordings were
deleted.

Data collection - changes made to the study protocol

In the protocol we aimed to interview more than one
parent using semi-structured interviews and organize
a focus group session. Unfortunately, we were only
able to interview one parent and have four informal
talks. Furthermore, our aim was to collect surveys to
evaluate transfer experience. Due to organizational
challenges only six questionnaires were completed
and therefore, these results will not be discussed in
this manuscript. Lastly, we aimed to use a retrospec-
tive cohort to compare our clinical course. The retro-
spective cohort should have consisted of patients for
whom a (telephonic) consultation or transfer was con-
ducted between the level-II and level-IV NICU. Since
we were only able to retrieve patients who were trans-
ferred between the NICUs, we decided not to present
this retrospective cohort as a comparator for transfer
rates and length of stay, as it would induce a bias in the
comparison.

plementatio Service e
outcome outcomes O ome
Outcome | Measure Data Source | Outcome | Measure Data Source ||Outcome | Measure Data Source
. Demand patterns|Teladoc call logs Electronic health
Usability Usability aTuQ parents L Transfer rate d
+ aTUQ personnel Timeliness | ntegration into o records
2 nterviews =
# Consultations /|Research team daily work Clinical Length of stay at | Electronic health
Adoption s s . : - fnica both hospitals |records
eligible moments |tracked patients Technical TeleNeo consultation outcomes SPIE Y :
siceived i failures surveys Illness severity .
Fetceived .uupacl TeleNeo consultation Safety . on arrival of Electronic health
on patient (E—— Secondary  |Electronic Health Hpon-alrya records
management [T transfers  |records transport team
Appropria- |
teriess - Interviews Cost « Electronic health Parent Trar{sfer Transfer )
Perceived « Personnel surveys Rl records reported experience  |questionnaire
o Costs minimization - i
usefulness midpoint and end — « Teladoc call logs outcome Quality of care « Interview
of pilot A « Teladoc invoice measures experience - aTUQ

Fig. 2 Outcome measures and data sources categorized to implementation, service, and client outcomes. Abbreviations: aTUQ, adjusted Telehealth
Usability Questionnaire [31]. Secondary transfers were defined as a transfer > 2 h after a TeleNeo consultation where was decided not to transfer. lliness
severity was objectified using the TRIPS-Il score (Transport Risk Index of Physiologic Stability) [32]
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Data analysis

Quantitative data were analyzed descriptively using
Microsoft Excel. Since the aTUQ was distributed at two
different time point with varying respondents, we ana-
lyzed responses from unique participants. For patients
with an indicated change in patient management in the
TeleNeo consultation survey, a group of 3 neonatolo-
gists discussed if TeleNeonatology also influenced their
location of care, i.e. if a NICU-level IV transfer was
prevented.

If a respondent completed the questionnaires twice,
only results at the end of pilot were included in the analy-
sis. Answers to open-ended questions and interview data
were analyzed using reflexive thematic analysis [33].

Patient and public involvement

Neonatal patient and parent advocacy association Care-
4Neo (www.caredneo.nl) was involved in the design and

Table 1 Characteristics of included patients
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conduct of the trial, and in the reporting and dissemina-
tion of the results.

Results

During the 12-months implementation pilot, a total
of 57 patients were eligible for inclusion. Seven eli-
gible patients were not included: five were potential
elective consultations not included due to planning or
communication issues (#=3), technical issues (n=1)
or choice of the treating neonatologist (n=1). The two
missed acute consultations were due to a technical fail-
ure (the device couldn’t be turned on at time of one
consultation) and chosen by the treating neonatologist
because the transport team was already close. A total
of 99 TeleNeo consultations, 55 acute and 44 elective,
were conducted for 50 included patients, with an aver-
age of two teleconsultations per patient (range: 1-9).
Table 1 summarizes the clinical characteristics of the

Acute consultations (N=33)

Elective consultations to enhance back transfers (N=17?)

TeleNeo consultations per patient 101-2]
Characteristics

Gestational age at birth 36+1[33+6-39+1]

Birthweight (grams) 2518 (813)
Sex (female) 20 (60.6%)
Gestational age at first consultation 36+2[34+1-39+1]
Weight at first consultation 2523 (804)
Mortality 1 (3.0%)
TeleNeo consultations
Indication for consultation®
Respiratory distress 22 (66.7%)
Neurological (asphyxia, convulsions) 8 (24.2%)
(Suspected) NEC 4(12.1%)
Severely ill 3(9.0%)
Other 1 (3.0%)
Neonatal resuscitation 0
Not satisfied with consultation® 0 out of 66 (0%)
Technical issues occurred 4(12.1%)
Impact on patient management? 18 (54.5%)
Clinical course
Transferred to the NICU-level IV 25 (75.8%)
Secondary transfers (> 2 h after consultation) 3(12%)
Transfers prevented 6 (18.2%)
TRIPS-II score of transferred patients® 17.5[12.8-22]
Length of stay at NICU-level IV 4[3-7]
Length of stay at NICU-level I 11 [4-21]

101-3]

28+5[27+2-30+4]
1235 (489)

12 (70.6%)
32+5[314+6-36+1]
1956 (674)

0

n/a

2 out of 34 (5.9%)
3(17.6%)
2(11.8%)

n/a
n/a
n/a
n/a
31 [13-46]
29 [18-40]

Data presented as number of patients (%), mean (standard deviation) when normally distributed or median [interquartile range] when skewedness is observed

?For this table we provided characteristics on the 17 patients with only elective consultations

PMultiple indications were registered for five patients

“Dissatisfaction was based on the surveys after each consultations. Since both hospitals record surveys, dissatisfaction was presented for the total number of health

care professionals

€The TRIPS-II Score (Transport Risk Index of Physiological Stability) ranges from 0 to 65 based on temperature, blood pressure, respiratory status and neurological

status, and was validated to predict mortality [32]

daccording to treating physicians as compared to standard of care (telephone consultations)
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included patients and the clinical impact of TeleNeo
consultations. Acute consultations were required for
33 patients, most commonly due to respiratory dis-
tress (n=22/33, 66.7%), for other indications, see Table
1. Elective consultations aimed to enhance back trans-
fers were conducted for 26 patients, with 17 patients
receiving only elective consultations. 87% of the con-
sultations surveys were fully completed (n=87 out of
100 surveys, one from each hospital per patient). Miss-
ing values occurred for the questions: “Are you satis-
fied with the TeleNeo consultation?” (n=2), and “Did a
technical failure occur?” (n=13). Twenty six out of 50
parents (all approached parents consented, with 100%
response rate) completed the aTUQ. For HCP (nurses
and pediatricians), the response rate was 42% (36 out of
85) completing the midpoint questionnaire and 36% (31
out of 87) the end of pilot questionnaire, resulting in 53
unique personnel respondents to the questionnaires and
48 completing the aTUQ. Nurses represented approxi-
mately 60% of the respondents (n=40/67 total respon-
dents and # =30/53 unique respondents). The mean age
of respondents was 43 years, with a self-reported tech-
nical affinity score of 6.8 out 10.

Implementation outcomes
Usability and adoption
Usability was rated high, with a median score of 5 out
of 5 [IQR: 4-5] by both parents and HCP in response
to the question, “In summary, I am satisfied with Tele-
Neo”. Figure 3 presents parental and HCP responses to
all 21 questions of the aTUQ. HCP particularly valued
TeleNeo’s ease to use (statements 4 to 9), all receiving a
mean score of >4.3 out of 5. Statement 20, “I would use
telehealth services again’, scored best with a mean score
of 4.5. Parents additionally appreciated the time saving
aspect of TeleNeo (statement 2, median score of 5 [IQR4-
5]). However, a slight discrepancy emerged regarding the
statement, “I think TeleNeo consultations are the same
as in-person visits’, where HCP gave a median score of
5[IQR: 4-5] and parents rated it lower at 4 [IQR:3-4].
Overall, disagreement with statements was minimal, with
at most three personnel members per question disagree-
ing. Statements regarding technical issues received the
lowers scores and had the fewest respondents, with “neu-
tral” as the median response.

The adoption of TeleNeonatology, defined as the
included number of patients divided by the number of
eligible patients, was high (n=50/57, 87.7%).

Appropriateness of teleneonatology

HCP reported in the TeleNeo consultations surveys
that TeleNeonatology influenced patient management
compared to standard of care in 40% (n=20/50) of all
patients, and in 55% (n=18/33) of patients with acute
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consultations. Additionally, the added value of Tele-
Neonatology was evaluated by 12 interviews and HCP
respondents to the questionnaires at the midpoint
(n=34) and end of the pilot (n=31) (Supplemental 2 and
Fig. 4). The visual information added to consultations via
TeleNeonatology was seen as enhancing clinical assess-
ments compared to telephonic consultations. The easy,
quick, and accessible communication was perceived as
an added value and to improve shared care. This is exem-
plified by questionnaire respondent 22 saying “[Tele-
Neo ensures] faster and better contact with NICU-level
1V, They have a clearer view of the case and seem more
involved.

The majority of HCP agreed (score >4 out 5) with the
statement that TeleNeo improved the quality of care for
patients (28/30 respondents agreed) and parents (27/30
agreed) in both acute and elective consultations, attrib-
uted to faster and more adequate clinical management.
As one HCP (questionnaire respondent 32) noted, “[The
added value of TeleNeo is] rapid and efficient access to
expertise in the right place, providing a comprehensive
view of the patient and enabling timely interventions.
Another (questionnaire respondent 10) stated, “Faster,
better assessment by the remote neonatologist, leading
to a quicker and more adequate treatment plan”. Addi-
tionally, HCP (n=13) mentioned that a potential transfer
reduction was an important added value, °.. this saves the
patient from a tiring journey, and parents can stay in their
familiar’ environment instead of having to go to a level
1V NICU, which in itself is already stressful.”(respondent
49). HCP also noted that TeleNeo improved parental
experience by increasing parental participation in care
and reducing stress related to interhospital transfers.
Particularly, the elective consultations were perceived to
enhance care for parents by 86% (n =24 out of 28) of HCP
(median score of 4 out of 5 [IQR: 4-5]).

Additionally, nearly half of the HCP respondents at
the end of pilot (14 out of 29, median score: 3[IQR: 3—4])
believed that elective consultations reduced time required
during patient admissions, as a substantial amount of
information has already been shared beforehand. Fur-
thermore, questionnaire respondent 81 explained that
TeleNeo leads to a “good experience for parents. Safe care
for the child. [.] It’s comforting for parents to see familiar
faces after a transfer, ones they've already seen through
TeleNeo.”. Respondents also noted smoother transitions
between hospitals for both HCP and parents: “TeleNeo
provides continuity of care and information for both the
patient and the healthcare provider” (respondent 77),
“The remote neonatologist gains insight into the neonate
both before an ICU-indicated intervention and afterward,
ensuring a smoother transition during transport to the
NICU-level IV.”(respondent 13), and “[The added value
of TeleNeo is the] multidisciplinary handoff of patients
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Statements from the adjusted TeleHealth Acceptability
Questionnaire for healthcare personnel (A) and parents (B)

1A. Telehealth improves access to healthcare
1B. Telehealth improves my access to healthcare

2A. Telehealth saves time traveling to a hospital or specialist clinic
2B. Telehealth saves me time traveling to a hospital or specialist clinic

3A. Telehealth provides for healthcare needs m
3B. Telehealth provides for my healthcare needs

4A. Tt was simple to use TeleNeo
4B. It was simple to use TeleNeo

5A. I believe it was easy to learn TeleNeo
SB. I believe it was easy to learn TeleNeo

6A. I believe the user could become productive quickly using TeleNeo
6B. I believe the user could become productive quickly using TeleNeo

7A. The way we interacted with TeleNeo was pleasant
7B. The way we interacted with TeleNeo was pleasant

8A. I like using TeleNeo
8B. I like using TeleNeo

9A. TeleNeo is simple and easy to understand
9B. TeleNeo is simple and easy to understand

10A. TeleNeo is able to do everything I want it to do
10B. TeleNeo is able to do everything I want it to do

11A.1 can easily talk to the patient using TeleNeo
11B. I can easily talk to the clinician using TeleNeo

12A.1 can hear the patient clearly using TeleNeo

12B. I can hear the clinician clearly using TeleNeo =

13A.1 felt I was able to express myself effectively
13B. 1 felt I was able to express myself effectively

14A. Using TeleNeo, I can see the patient as well as if we met in person.
14B. Using TeleNeo, I can see the clinician as well as if we met in person.

15A. 1 think the TeleNeo consultations are the same as in-person visits.
15B. I think the TeleNeo consultations are the same as in-person Vvisits.

16A. Whenever a mistake was made with TeleNeo, it was quickly fixed
16B. Whenever a mistake was made with TeleNeo, it was quickly fixed

17A. Error messages were clear in how to solve the problem
17B. Error messages were clear in how to solve the problem

18A. T feel comfortable communicating using TeleNeo
18B. I feel comfortable communicating with the clinician using TeleNeo

19A. Telehealth is an acceptable way to receive healthcare services
19B. Telehealth is an acceptable way to receive healthcare services

20A. I would use telehealth services again
20B. I would use telehealth services again

21A. In summary, I am satisfied with TeleNeo
21B. In summary, I am satisfied with TeleNeo

0%

B Completely disagree
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Disagree Neutral Agree  ECompletely agree

n=48
n=26
n=46
n=25

n=47
n=26

n=40
n=26

n=42
n=26

n=46
n=25

n=41
n=26

n=42
n=25

n=47
n=26

e—— )4 5
—— =24

n=44
n=26

n=44
n=26

n=43
n=26

n=42
n=26
n=48
n=26

n=14
n=21

n=9
n=16

n=44
n=26

n=48
n=26

n=43
n=26

n=47
n=26

100%

20% 40% 60% 80%

Percentage of respondents

Fig. 3 Responses to adjusted Telehealth Usability Questionnaire from healthcare personnel (n=48) and parents (n=26)

so that parents have already met the new staff in the hos-
pitals and see that the care plan is the same in the other
hospital” (respondent 58).

Lastly, 21 out of 31 HCP at end of pilot, including
18 out of 20 nurses, reported that TeleNeo positively
impacted their job experience, with a median score of
4 out 5 [IQR: 3-5]. Among the responding nurses, 55%
(n=11/20, score=4 out 5) indicated that they could
participate more actively in acute situations and 70%

(n=14/20) felt a greater sense of involvement within the
medical team.

Challenges for implementation

HCP noted perceived challenges for implementation in
interviews (n=12) and the questionnaires at midpoint
(n=34) and end of pilot (n=31). Throughout the pilot,
the primary barrier remained the perceived reduction of
the local teams’ medical autonomy when communication
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occurs in the presence of parents. As explained by question-
naire respondent 67: “Although communication via TeleNeo
is effective, nonverbal cues are difficult to pick up. In other
words, concerns from parents or colleagues are harder to
‘read’ through TeleNeo. Does everyone still feel sufficiently
heard when the physician from NICU-level 1V speaks with
parents? Does a colleague in the NICU-level II dare to
express doubts about the proposed patient management in
the presence of parents or other colleagues?”. Furthermore,
the attitude of healthcare personnel towards change and the
acceptance of a new technology, along with the challenge of
getting all HCP on board were identified as implementation
challenges. Technological aspects, like suboptimal audio
quality, and minor delays in starting consultations due to
getting used to the technology were also highlighted, mainly
at the midpoint evaluation. Regular exposure to TeleNeo
consultations was noted as essential to feel comfortable
using the technology. As interview participant 5 mentioned,
“Maybe it's good to do a demo or training session more often
and also keep repeating it, because it’s a skill you need to
maintain”. This sentiment was echoed by five questionnaire
respondents, four of whom were at the midpoint evaluation.
Moreover, “Defining clear roles for personnel from NICU-
level II and NICU-level IV and how to organize this during
a TeleNeo consultation” (questionnaire respondent 77), was
a challenge for both the interviews participants and ques-
tionnaire respondents, as well as the scheduling of elective
consultations. Some respondents particularly highlighted
the issue of integration into working routines, while oth-
ers focused on the appropriate use-cases and the initiation
of consultations, “It should not become an obligation or a
routine for both teams to use TeleNeo. The initiative should
primarily lie with the doctor (of course, in consultation), but
the doctor should not feel obligated to use it if it is not yet nec-
essary” (questionnaire respondent 63). Lastly, finances and
funding were mentioned as a barrier.

Service outcomes

For 7 out of 99 consultation a technical issue was
observed, mainly caused by problems with the audio
quality. The technical issues did not result in the inabil-
ity to perform a TeleNeo consultation, but a restart was
required for 2 consultations. One third of acute consulta-
tions took place during evening, night or weekend shifts
(18/54, 33%). Consultations took on average 13 min and
19 s, ranging from 3 min to 51 s, the second consultation
for a patient on the same day, to 57 min and 4 s, perform-
ing an INSURE procedure (intubate, surfactant, extu-
bate) supported with TeleNeonatology using a connected
video laryngoscope.

Client outcomes
The NICU transfer rate for acute consultations was 72.7%
(24 out of 33 patients). Expert consensus concluded that
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TeleNeo consultations helped prevent six transfers from
the level II to level IV NICU (18.2%). Among these six
cases, two neonates with a necrotizing enterocolitis
were treated conservatively at the level-II NICU with
the involvement of a pediatric surgeon through Tele-
Neo. The remaining four, all presenting with respiratory
distress, were stabilized through optimizing respiratory
support, preventing the need for intubation and transfer.
The median TRIPS-II score for 25 transferred patients
was 17.5 on a scale from 0 to 65 [IQR: 12.8-22]. During
the year pre-implementation, 23 patients were trans-
ferred from the Amphia NICU-level II to the Erasmus
MC NICU-level IV, with a median TRIPS-II score of 15
[IQR: 11-22], indicating comparable illness severity upon
transfer.

Additionally, for 12 out of 27 remaining acute patients,
HCP noted that patient management was adjusted based
on TeleNeo consultations compared to telephone con-
sultations. Respiratory support was optimized for 10 of
them, improving their clinical stability before transfer.
The timing of transfer was safely extended by one day
for two patients, and back transfer was expedited by one
week for another patient. Furthermore, a fluid bolus was
advised for one patient because of impaired circulation
and sedatives adjustments were made for a patient with
persistent pulmonary hypertension of the neonate.

Lastly, parents reported that TeleNeo consultations
made them feel at ease because the remote neonatologist
could be present quickly and transitions between hospi-
tals were smoother, as explained by one parent: ‘It gives
parents a sense of reassurance. You have the feeling that
you are truly present..

Discussion

The comprehensive pilot implementation of TeleNeo-
natology, evaluated using a hybrid type III implementa-
tion-effectiveness design, demonstrated high feasibility
for both parents and HCP. Over a one-year period, 99
TeleNeo consultations were conducted for 50 patients,
including consultations in acute situations and elective
consultations to enhance back transfers. Our TeleNeo
program was developed and continuously improved with
stakeholders using co-creations. Important perceived
added values included: (1) easy, quick and accessible
communication, (2) high quality visual information that
facilitated faster and more adequate patient manage-
ment, (3) increased parental participation, (4) smoother
transitions between hospitals for both parents and
healthcare personnel, and (5) improved job experience
for nurses. By the end of the pilot, two main challenges
for implementation remained: the perception of reduced
autonomy for local medical teams and its’ impact on
communication styles, and getting the whole team on
board. Based on expert consensus, transfers between the
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NICU-level II and level IV were safely prevented for 18%
of patients needing an acute consultation.

Reflection on implementation challenges

Technological barriers for implementation of TeleNeo-
natology frequently mentioned in literature include
complex technologies, connectivity and audio issues,
organizing frequent training of personnel, and challenges
in keeping new staff informed about the technology [8,
34, 35]. In designing our TeleNeonatology program, we
prioritized user-friendly technology with high-quality
video. Our implementation strategies focused on non-
time consuming and accessible training through an
instruction video and frequent demonstration sessions.
Our results indicate that HCP appreciated the ease of
use and accessible trainings. While some technical issues
were reported, these were mentioned by only a few HCP.
Maintaining familiarity with the technology remained a
challenge, for which repeated simulation-based training
or increased use could be a solution.

Another commonly cited challenge is the negative
attitude of healthcare personnel towards the change or
intervention [8, 34]. To address this, we actively involved
stakeholders from the beginning, ensuring that the
program was either aligned with their expectations or
extensively discussed and justified. As a result, only one
respondent expressed concerns about the added value of
the intervention.

The disruption of new technologies on existing work-
flows is also a well-documented barrier to implemen-
tation [8, 34, 36]. Despite our efforts to integrate the
intervention into current workflows as seamlessly as
possible, this remained a significant challenge at the mid-
point evaluation. The continuous improvement cycles
made it possible to quickly address this by organizing a
multidisciplinary, multi-hospital, co-creation session
where healthcare personnel took the opportunity to sug-
gest improvement strategies. This collaborative approach
proved effective, leading to a smoother integration by the
end of the pilot. This serves as a strong example of how
co-creation can facilitate the integration of an innovation
into care pathways, care journeys and working routines
of a complex medical settings.

A key remaining challenge we identified was the local
teams’ concern about their competence being questioned
or their autonomy being diminished, a barrier also high-
lighted in literature [8, 34]. Although only a few respon-
dents mentioned this in our survey, we recognize it as a
potential trust breaker and, consequently, a deal breaker
for successful implementation. By the end of the pilot,
we developed collaboration contracts to explicitly state
that legal responsibility remains with the local team and
drafted a communication plan to define the role of the
remote TeleNeonatologist. However, trust between HCP
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across different hospital locations remains an essential
foundation for successful implementation and long-term
sustainability [37]. Financial challenges raised by respon-
dents primarily concerned the impact of TeleNeonatol-
ogy on the hospitals’ patient-related revenues and the
need for reimbursement structures to be developed in
order to achieve financially sustainable implementation
and scaling. Therefore, business cases were developed
for both hospitals to support decision making and secure
approval for implementing TeleNeonatology following
the pilot phase. Furthermore, better understand the eco-
nomic implications and distribution of costs and benefits,
the forthcoming economic evaluation will touch upon
four different perspectives: the two hospitals, the health-
care system and the societal perspective.

Reflection on effectiveness of teleneonatology

Regarding the clinical impact of TeleNeonatology,
experts estimated that for 18% of patients a transfer was
prevented by using TeleNeo instead of telephone con-
sultations. As expected, our findings showed smaller
effect compared to studies from Albritton, et al. [11]
and Haynes, et al. [12], who compared TeleNeonatology
to telephonic consultations and reported respectively
odds of transfer of 0.71 for neonatal resuscitations and
0.48 (95% CI 0.26-0.90, the adjusted odds) for NICU
consultations. This difference is not surprising, given
that our pilot implementation included a NICU-level II
setting where two neonatologists are available, several
nurses have had NICU-level IV training, and all HCP are
required to undergo regular Neonatal (Advanced) Life
Support training.

Strengths and limitations

Notable strengths of this pilot included the integration
of different academic expertise, the early engagement of
HCP and parents, and the thorough preparation prior the
start of the pilot. By combining implementation science
and co-creation, we created a well-rounded approach
that supported effective integration within existing work-
flows. Additionally, the comprehensive evaluation and
continuous improvement throughout the pilot provided
us a strong foundation, both in terms of research data
and really understanding the intervention, as well as in
HCP’s perception, ensuring a smooth transition toward
sustainable integration into standard of care [38].

An important limitation of this study is the absence of a
control group for direct comparison. Despite efforts by the
research team, we were unable to retrieve the complete
cohort of patients for whom a telephonic consultation was
performed in the year before implementation. While we
could track patients who were transferred between hospitals
through patient records, telephonic consultations were not
consistently documented, making it impossible to identify
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non-transferred patients retrospectively. Another impor-
tant limitation was the relatively high rate of missing ques-
tionnaire data, both for parents (n=24/50, 48%) and HCP
(n=32/85, 38%). In case of parents, all missing data was due
to the fact that they were not approached for consent. All
approached parents consented and completed question-
naires. Decisions to not approach parents for consent were
primarily attributable to two factors: the illness severity
which the researchers to avoid burdening parents with the
questionnaires, and the early discharge of patients before
researchers found the opportunity to obtain consent. The
relatively high rate of missing parental response may have
introduced a bias, either toward more positive or negative
responses as illness severity could both increase or reduce
the perceived added value of TeleNeonatology. In case of
HCP, the low response rate was for partly due to tempo-
rary factors, such as HCP being on leave, completed clini-
cal rotations, or being students. The non-response may have
introduced bias toward more positive results, as we expect
the non-responders to have more neutral views and there-
fore less motivated to participate. To mitigate this limitation,
we supplemented the questionnaires with live presenta-
tions and informal talks with both pediatricians and nurses,
allowing us to gather additional feedback and suggestions to
improve (see Supplemental 1).

Future steps

To further support the adoption and future scaling of
TeleNeonatology to other hospitals in our region, several
steps are needed. First, conduct an economic evaluation,
including business cases from both hospital perspec-
tives next to the healthcare system and societal per-
spective. Second, collaborate with HCP from the other
regional hospitals to tailor the TeleNeo program to their
specific context. Third, design a robust study protocol,
for instance a stepped-wedge cluster randomized trial,
with sufficiently large sample size and appropriate con-
trol group to evaluate clinical effect on transfer rates and
length-of-stay.

Conclusion

This pilot implementation of a TeleNeo program, audio-
visual communication between a NICU-level IV and
NICU-level II, showed high feasibility. The addition of
visual information and accessible communication during
acute and elective consultations enhanced quality of care,
improved parental and healthcare personnel experience,
facilitated smoother transitions between the hospitals,
and reduced the need for transfer. The comprehensive
implementation process, integrating implementation sci-
ence and co-creation, contributed significantly to inte-
gration of TeleNeonatology into existing workflows and
supported the first steps towards sustainable implemen-
tation and regional scaling.
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