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collaborations

Franziska Lezius'", Karin Steinecke', Anne Herholz'?, Stephen Schiitirhuis®, Andreas Edel’, Michaela Niebank’,
Nicolai Andrees®, Claudia D. Spies', Bjérn Weiss' and U START TICU consensus group

Abstract

Background Telemedicine is a suitable vehicle to facilitate collaboration among hospitals across borders, with the
COVID-19 pandemic paving the way for rapidly growing tele-intensive care (TICU) networks, aiming to improve
quality of care. Hitherto there are no validated instruments to assess and evaluate performance in international TICU
collaboration.

Methods We conducted a prospective, structured survey development study with a single-step online expert
consensus approach and a pilot application.

Results We propose a 26-indicator TICU-Feedback-Tool assessing user-friendliness, subjective benefit and usability,
acceptance and potential for improvement in TICU networks. The instrument is suitable for self-reporting by online
questionnaire.

Conclusion We suggest a pilot version of a feedback questionnaire for quality management in (inter-)national TICU
networks that will be subject to revisions in the future.
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Introduction

Telemedicine has evolved quickly over the past decade.
It has been established in various areas ranging from
clinical applications to grant access to specialty care
in remote areas [1, 2] to tele-educational training pro-
grams to share medical expertise with colleagues [3, 4].
The Covid-19 pandemic tremendously accelerated the
needs in combined effort in the management of critically
ill patients in intensive care units (ICU) worldwide [5, 6].
Tele-intensive care units (TICU) have demonstrated to
be a suitable vehicle to facilitate collaboration regionally
[7] as well as across borders [8, 9] aiming to improve the
quality in critical care.

To ensure satisfying standards in telemedicine (e.g.
technically and clinically), recurrent assessments of the
tele-medical services are essential to enforce progress. A
variety of feedback instruments proved useful in different
tele-medical contexts [10, 11]. The instruments evaluate
different areas of interest in tele-medical collaboration i.e.
usability, satisfaction, acceptance and process. The design
of these questionnaires is diverse including Yes/No-ques-
tions, scales, multiple choice and open-ended questions.
A wide variety of specialties including surgical, medical
and emergency services is covered in in- and outpatient
settings. The questionnaires address different partici-
pants predominantly patients and caregivers or medical
personnel and are developed for use in various countries

Extended version of tele-intensive care feedback-
instrument

Pre-selection of 35 out of 50 indicators by 2
intensive care specialists in 3 core sections :
user-friendliness, subjective benefit assessment
and usability, acceptance and improvement

Online expert consensus survey by 20 intensive
care specialists

Pilot version of TICU-Feedback tool:
3 indicators for user-friendliness
16 indicators for subjective benefit assessment and
usability
7 indicators for acceptance and improvement

Fig. 1 Development of TICU-Feedback-Tool
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internationally. Yip et al. [12], Bakken et al. [13] and
Buysse et al. [14] for example suggested questionnaires
addressing patients with diabetes in outpatient care to
rate the satisfaction with telemedicine, its usefulness, the
communication with peers and professionals via tele-
medical devices as well as telemonitoring health effects
in their treatment. Morgan et al. [15] developed a survey
to evaluate the satisfaction with telemedicine of patients
and their caregivers in a rural memory clinic population
whereas Parmanto et al. [16] proposed a questionnaire to
assess usability of telehealth implementation and services
addressing both clinicians and their clients.

Tele- intensive care networks, however, may differ from
other tele-medical settings in multiple aspects. Techni-
cal performance in intensive care units can be challeng-
ing due to unstable access to the internet or interference
with a multitude of technical (medical) applications.
Benefit and acceptance are typically rated by medi-
cal staff as patients are often unable to self-report. Col-
laboration may be time critical due to rapid changes in
medical condition. Shortage of staff and heavy workload
demand a comprehensive but concise questionnaire, aim-
ing to cover the most crucial areas of tele-intensive care
collaboration.

Therefore, we suggest a TICU-Feedback-Tool as an
instrument to assess (a) interprofessional user-friendli-
ness, (b) subjective benefit and usability, (c) acceptance
and potential areas of improvements in TICU networks.

Methods

We carried out a prospective, structured survey develop-
ment study with a single-step online consensus approach
and a pilot application within our international TICU
network from August 16, 2023 to November 2, 2023.
The study was approved by the local ethics committee of
Charité — Universititsmedizin Berlin (registered under
No. EA2/163/23).

The proposed tool roots in an extended version
of a feedback instrument (unpublished) used in a
national TICU network study (clinical trials’ identifier:
NCTO03671447). The initial extended feedback instru-
ment was developed by a team of specialist intensiv-
ists experienced in TICU collaboration and specialists
for public health with expertise in survey development
aiming to assess the technical and medical performance
in TICU networks in general as well as its use and sig-
nificance in crisis management during the COVID-19
pandemic.

The following steps were conducted to develop the
TICU-Feedback-Tool (Fig. 1): pre-selection of indicators
by two intensive care specialists (FL, KS) from extended
50-item feedback instrument, online expert consen-
sus survey by 20 intensive care specialists to rate the
core questions regarding “importance” and “reliability



Lezius et al. BMC Health Services Research (2025) 25:412

for self-reporting” (Table S1, supplement 1) and subse-
quently pilot application of the tool completed by 20 par-
ticipants from our international TICU network.

In the pre-selection of indicators, we excluded (i) all
indicators that were specific to the setting of the initial
regional study carried out during the COVID-19 pan-
demic namely indicators referring to crisis management
or the use of telemedicine over the course of the study
period and (ii) a few indicators that were of explicit inter-
est in regional rather than international networks e.g.
transfers of patients between hospitals. All indicators i.e.
35 that were considered to be of general interest for TICU
collaboration were included in the consensus survey.
Categorizations of the indicators was preserved therefore
identical to the extended questionnaire except for one
additional category referring to crisis management dur-
ing the COVID-19 pandemic which we excluded entirely.

In the consensus survey the participating intensive care
specialists were given two options to rate the “impor-
tance” and the “reliability for true self-reporting” of each
indicator as either “high” or “low” Before entering the
survey, participants received a comprehensive written
instruction on the purpose of the questionnaire and the
two features for assessment (“importance” and’reliability
for true self-reporting”) (supplement 2: instructions for
participants). The aim was to find (i) the most important
questions to evaluate satisfaction with the tele-medical
consultations and the technical user friendliness and (ii)
to decide whether questions will be answered truthfully.
The threshold to include a question in the pilot version of
the tool was defined by 75%-agreement for “importance
high” “Reliability for true self-reporting” was rated “high
versus low” for all indicators (Table S1, supplement 1) but
prioritizing “importance” of an indicator over “reliability
for true self-reporting” in this pilot version of the assess-
ment instrument, exclusion of indicators was solely based
on importance.

Subsequently following the consensus process we car-
ried out a pilot application of the tool within our interna-
tional network addressing all medical staff i.e. physicians
and nurses regularly collaborating in TICU consulta-
tions. Medical personnel from eight different hospitals in
four countries were invited to participate. The principal
aim of the pilot application was the psychometric evalua-
tion of the scale.

The consensus survey as well as the pilot application
were conducted as an online questionnaire in English
language using the statistical survey web app LimeSur-
vey. As language proficiency in English was ensured all
participants received the same survey. Respondents’ con-
sent was obtained by actively agreeing on study and data
protection information before entering the questionnaire.
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Statistical analysis

Data was analyzed with SPSS Statistics 27. Due to the
exploratory nature of this survey, statistical analysis was
conducted using methods of descriptive statistics.

In the consensus survey, we report the absolute and
relative frequencies of participants who rated the pre-
selected items as highly important, as well as those who
rated the 'reliability for true self-reporting' as high. Addi-
tionally, for all core sections, we present the mean per-
centages of participants who rated the 'reliability for true
self-reporting' as high across all indicators within each
core section as a summary measure for each core section.

After the consensus survey, the pilot version of the
feedback tool was evaluated in a pilot application. For
all selected indicators, we report absolute and relative
frequencies for each category of the underlying 5-point
Likert scale. To get a preliminary understanding of the
feedback tool’s psychometric properties, we computed
(unstandardized) Cronbach’s alpha, including 95% con-
fidence intervals, as a measure of internal consistency
to evaluate the correlation between items within the
same subsection. Cronbach’s alpha was interpreted as
acceptable for values greater than 0.7 and good for val-
ues greater than 0.8. To assess the extent to which each
item measures the underlying core section, separability
(corrected item-total correlation) was calculated for each
item [17-21]. The cut off for separability was set at 0.3
differentiating between high versus low correlation of
each item with the respective category [20].

Results

Survey development

All forty-six intensivists within our network who had
significant experience in telemedicine and were board
certified specialists in their country, were invited to par-
ticipate. 20 (43%) of them completed the consensus ques-
tionnaire. The 20 participating intensivists were from
nine different hospitals; there was one specialist from
South Africa and 19 from Germany, eight (40%) were
female. Seventeen (85%) intensive care specialists had a
professional medical background in anesthesiology and
three in internal medicine.

In total 24 (71%) out of 35 indicators in all catego-
ries were selected by the consensus survey, meeting the
prerequisite of a>75% threshold for “importance high”
(Table S1, supplement 1). Table S2 (supplement 3) shows
all indicators finally included in the pilot version of the
TICU-Feedback-Tool. All but one question ie. “What
points would you like to change about the tele-medical
visits for further improvement?” are rated by a 5-point
Likert scale ranging from “strongly disagree” to “strongly
agree”.

The first core section “user-friendliness” is entirely
derived from the well-known “System usability scale
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(SUS)” [22] to allow comparability with other tele-med-
ical devices and prior studies. In this first category, 7
(70%) out of 10 questions were rated with less than 75%
approval for “importance high” The mean percentage for
“reliability for true self reporting high” across all indica-
tors in the core section “user-friendliness” was 72% (SD
14.0%).

The second core category “subjective benefit assess-
ment and usability” comprises six sub-sections namely
subjective benefit assessment: benefit for patients and
benefit for medical staff, trust and working relationship,
interaction with patients, technical performance and
overall impression. In this core section, 16 (100%) out of
16 indicators were consented with>75%. The mean per-
centage for “reliability for true self reporting high” for
all indicators in this respective category was 76.9% (SD
15.7%).

In the third core category “acceptance and improve-
ment’, five (56%) out of nine indicators from the follow-
ing two sub-sections “attitude of the "users" towards
tele-medical rounds” and “potential for improvement”
were approved by the consensus survey. Despite the fact
that four indicators were rejected by the consensus pro-
cess, only two (22%) questions were excluded from the
pilot version of the tool. The two following questions in
this category were not approved by the consensus survey
with the required > 75% of agreement of high importance,
but were nevertheless included in the pilot version of the
TICU-Feedback-Tool:

« I have ethical concerns about tele-medical visits
« I have data protection concerns about tele-medical
visits

This third core section “acceptance and improvement”
showed a mean percentage of 67% (SD 9.1%) for “reliabil-
ity for true self reporting high”

Pilot application

As a pilot application, the questionnaire was completed
by 20 participants namely medical personnel from eight
different hospitals in four countries collaborating via
regular tele-medical consultations within our interna-
tional TICU network. Table 1 shows the results of the
pilot application displayed by single indicators. All indi-
cators i.e. 25 that are rated on a 5-point Likert scale are
displayed in Table 1, the last question referring to the
potential for improvement is the single open-ended ques-
tion of the survey, therefore ratings of separability are
not applicable. Cronbach’s alpha was analyzed by sub-
sections with core category one “user-friendliness” (0.75,
95% CI [0.477, 0.894]) and two “subjective benefit assess-
ment and usability” (0.85, 95% CI [0.725, 0.928]) show-
ing results of close to 0.8 or above and subcategory three
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“acceptance and improvement” showing a Cronbach’s
alpha of 0.51 (95% CI [0.078, 0.779]). Separability per
item was calculated, with the following two indicators
in subsection two, and three indicators in category three
displaying results <0.3: “If necessary, tele-medical visits
were arranged at short notice” (0.26), “I was always able
to address any uncertainties or treatment errors openly”
(0.18), “In principle, I have a positive attitude towards
tele-medical consultations using the device” (0.07),
“Overall, I am satisfied with tele-medical rounds” (0) and
“All in all, I think the tele-medical visits work well” (0.18).

Discussion

Tele-intensive care networks are prospering (inter-)
nationally aiming to facilitate collaboration between hos-
pitals and to improve quality of care [4, 7, 9]. To ensure
high quality tele-intensive care services and to promote
continuous needs-adapted progress we propose a pilot
version of a TICU-Feedback-Tool to monitor user-friend-
liness, subjective benefit and usability, acceptance and
potential for improvement.

The tool is based on an extended feedback instrument
used in a previous study of a national TICU network.
Despite not being formally validated, this initial feedback
instrument has proved its value specific to telemedicine
in critical care settings. Standardization for international
use and practicability in busy work environments, how-
ever, was needed. Pre-selection of indicators was con-
ducted by two intensive care specialists followed by one
round of an expert consensus to identify the indicators
for the pilot version of the tool. In line with standard
recommendations in consensus decisions we opted for a
panel of experts rather than a representative sample [23].
Therefore, board certification in intensive care medicine
and extensive experience in TICU collaboration was
an obligation to participate in the consensus and set a
sound standard to grant appropriate qualification. Con-
trarily, it also limited the number of experts and resulted
in a rather homogenous group of participants regard-
ing nationality and professional medical background.
Whereas we chose the threshold of 75% to define con-
sensus congruent with the majority of consensus sur-
veys [24], the single round consensus process may have
influenced the selection of indicators and subsequently
the applicability for international use additionally.
The response rate of 43% is in line with prior research.
Response rates<50% are often reported in consensus
decisions [25] and are commonly seen in online surveys,
including surveys addressing health professionals [26,
27]. Moreover, previous research suggests an adequate
response rate for surveys of>40% [28] and indicates
that an increase in survey’ recipients does not generate
a higher response rate [27]. Hence our response rate of
43% is acceptable.
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Table 1 Pilot application
Indicators Strongly Disagree  Neutral  Agree Strongly Separability
disagree agree
I think | would like to use this system/tele-medical device frequently 2 (10%) 1(5%) 6 (30%) 11 (55%) 068
I thought the system/tele-medical device was easy to use 1 (5%) 7 (35%) 12 (60%)  0.80
| felt very confident using the system/tele-medical device 2 (10%) 10 (50%) 8 (40%) 039
Patient safety was improved/increased by the tele-medical visits 1 (5%) 3(15%) 11 (55%) 5(25%) 0.63
The patients' quality of care was improved by the tele-medical visits 1 (5%) 11 (55%9 8 (40%) 067
The telemedical visits positively contributed to error avoidance/error 1 (5%) 2 (10%) 14 (70%) 3(15%) 033
prevention in the treatment of my patients
| felt well supported in taking difficult decisions by tele-medical visits 11 (55%) 9 (45%) 0.70
There was always enough time to discuss my concerns during tele- 9 (45%) 11(55%9 037
medical visits
If necessary, telemedical visits were arranged at short notice 1 (5%) 11 (55%) 8 (40%) 0.26
By taking part in tele-medical visit, | was able to refresh or acquire 11 (55%) 9 (45%) 0.40
important medical knowledge
I was always able to address any uncertainties or treatment errors 1(5%) 12 (60%) 7 (45%) 0.18
openly
limplemented the treatment plans as discussed in tele-medical visits 2 (10%) 14 (70%) 4 (20%) 0.55
The collaboration with the tele-medical specialist was always friendly 3 (15%) 17 (85%)  0.38
and constructive
During the rounds, the tele-medical specialist treated my patients 1 (5%) 1 (5%) 2 (10%) 16 (80%)  0.30
respectfully
My patients accepted the tele-medical specialist very well 3(15%) 8 (40%) 9 (45%) 0.73
The picture quality was good and error free 1 (5%) 14 (70%) 5(25%) 0.68
The sound quality was good and error-free 2 (10%) 13 (65%) 5 (25%) 0.60
From the technical side communication with the tele-medical physician 1 (5%) 10 (50%) 9 (45%) 0.36
functioned well
The tele-medical rounds helped me in treating my patients 1 (5%) 9 (45%) 10 (50%)  0.54
In principle, | have a positive attitude towards tele-medical consulta- 9 (45%) 11 (55%) 007
tions using the device
| have ethical concerns about tele-medical visits 5 (25%) 8 (40%) 4 (20%) 2 (10%) 1 (5%) 0.54
I have data protection concerns about tele-medical visits 4 (20%) 7 (35%) 4 (20%) 4 (20%) 1 (5%) 0.33
Overall, I am satisfied with tele-medical rounds 10 (50%) 10(50%) 0
All'in all, I think the tele-medical visits work well 8 (40%) 12(60%) 0.18
All'in all, I think there is still potential for quality improvement of the 2 (10%) 5 (25%) 8 (40%) 5(25%) 0.40

tele-medical visits

As self-report may bias data in surveys [29] “reliability
for true self-reporting” for each indicator was evaluated
in the consensus survey to identify specific items poten-
tially prone to self-report bias. We decided to base the
consensus decision entirely on the importance of an indi-
cator as the diversity of approval regarding the reliability
for truthful answers would have resulted in a high reduc-
tion in indicators. Nevertheless, this expert consensus
process created awareness as to which questions may be
less reliable in future routine application.

The questionnaire is divided into three core catego-
ries: user-friendliness, subjective benefit assessment and
usability, acceptance and improvement reflecting the
most commonly used categories in telemedical question-
naires [11]. The first category i.e. “user-friendliness” is
based on the well-established System Usability Scale [22].
In this category, the fewest number of indicators namely
30% was approved by the consensus survey. This section

purely addresses technical aspects of the tele-medical
services. Emphasizing clinical over technical aspects
in TICU collaboration may be the reason for a greater
reduction in indicators compared to the other two core
categories. To facilitate a distinct evaluation of the user-
friendliness and technical performance of our system for
comparability with other tele-medical devices and prior
studies a detailed analysis based on a larger group of par-
ticipants is ongoing and will be reported separately in the
future.

In the second core category “subjective benefit assess-
ment and usability” all questions were confirmed by the
consensus process and showed the highest agreement
for truthful answers (76.9% “reliability for true self-
reporting high”). Comparable indicators have been pro-
posed in previous studies in regional TICU networks.
Previous research has demonstrated positive effects of
TICU-collaboration on objective outcome parameters
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e.g. mortality or ICU/ hospital length of stay [30-35]. As
access to objective outcome parameters is very limited
in international TICU networks this core category mea-
sures the clinical benefit in TICU collaboration and is in
line with previous studies [36, 37].

In the last core section “acceptance and improvement”
two questions addressing ethical and data protection
concerns in TICU collaboration were included in the
pilot version of the tool despite the fact that they were
not selected by the consensus survey. The decision to
grant an exception was based on the relevance of these
indicators as essentials in telemedicine recommended by
the World Health Organization (WHO) [38] and congru-
ent with prior research reporting privacy concerns as a
major barrier to telemedicine adoption [39]. The rather
homogenous group of consensus experts may have been
the reason for low rates of approval for these two indi-
cators but their significance in an international TICU
network with diverse cultural backgrounds and legal
requirements is immanent.

The pilot application primarily aiming to psychomet-
rically evaluate the scale showed rather homogenous
results for all but three indicators in the third category.
The two indicators exceptionally included in the tool
despite not meeting the>75% consensus threshold i.e.
“I have ethical concerns about tele-medical visits” and
“I have data protection concerns about tele-medical vis-
its” displayed the notably highest variance in answers,
followed by “All in all, I think there is still potential for
quality improvement of the tele-medical visits” Addi-
tionally, Cronbach’s alpha of the first two core categories
(0.75, 0.85) was acceptable and good and therefore com-
parable to Cronbach’s alpha of scales previously used in
telemedicine [13-16, 40] whereas Cronbach’s alpha of the
third category (0.51) is significantly lower indicating that
this section may require further investigation and poten-
tial modification in future versions of the tool. For three
indicators in this category separability was < 0.3 therefore
showing a low correlation of each item with this specific
category. Consequently, the third core section needs to
be analyzed by single indicators or divided into subscales
in future use of the TICU-Feedback-Tool. Summarizing
the results of this core section is inadequate.

This study has several limitations specifically (i) the
homogeneity of the expert consensus group, (ii) the sin-
gle-round consensus approach, the mere rating of the
reliability for true self-reporting, the decision to grant
an exception for two indicators formally excluded by the
consensus survey and the restricted number of partici-
pants of the pilot application as an obstacle to a genuine
validation of the survey. While this study, with a sample
of 20 participants, provided only preliminary insights
into the psychometric properties of the pilot version
of the feedback tool, larger future studies—following
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potential revisions to the feedback tool —may employ
more comprehensive psychometric methods, such as
factor analysis to explore the tool’s dimensionality, along
with additional analyses addressing its reliability and
validity.

Strengths of this study however include the structured
methodological development in a prospective consen-
sus-based approach, (i) access to several experts twin-
ning clinical expertise with strong tele-intensive care
experience (iii) an acceptable response rate and (iv) a
pilot application for psychometric evaluation of the scale
within our international TICU network whereas other
tools are often used without any prior psychometric
assessment.

In total, this pilot version of the TICU-Feedback-Tool
comprises 26 out of the original 50 indicators in all cat-
egories meeting the objective to develop a comprehen-
sive but concise instrument. The scale is convenient for
easy online use. As access to objective outcome measures
is very limited, technical prerequisites vary and cultural
backgrounds, ethical considerations and legal require-
ments are manifold in diverse health care systems this
tool approaches the most crucial areas to monitor qual-
ity in international TICU-collaboration. Therefore, we
decided to start regular application to identify strengths
and weaknesses in everyday use with the input from an
expanding TICU network. The data collected from rou-
tine use may inform further refinements and psycho-
metric analyses, aiming to improve the feedback tool’s
validity over time.
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