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Abstract

The new decision support tool Glucosafe 2 (GS2) is based on a mathematical model of glucose and insulin dynamics,
designed to assist caregivers in blood glucose control and nutrition. This study aims to assess end-user acceptance and
usability of this bedside decision support tool in an adult intensive care setting. Caregivers were first trained and then invited
to trial GS2 prototype on bedside computers. Data for qualitative analysis were collected through semi-structured interviews
from twenty users after minimum three trial days. Most caregivers (70%) rated GS2 as convenient and believed it would help
improving adherence to current guidelines (85%). Moreover, most nurses (80%) believed that GS2 would be timesaving.
Nurses’ risk perceptions and manual data entry emerged as central barriers to use GS2 in routine practice. Issues emerged
from the caregivers were compiled into a list of 12 modifications of the GS2 prototype to increase end-user acceptance and
usability. This usability study showed that GS2 was considered by ICU caregivers as helpful in daily clinical practice, allow-
ing time-saving and better standardization of ICU patient’s care. Important issues were raised by the users with implications
for the development and deployment of GS2. Integrating the technology into existing IT infrastructure may facilitate caregiv-
ers’ acceptance. Further clinical studies of the performance and potential health outcomes are warranted.

Keywords Nutrition - Glycemic control - ICU - Critically ill - Computer-assisted decision support system - Quality
improvement

Abbreviations 1 Introduction

BG Blood glucose

EE  Energy expenditure Survival and outcome of intensive care unit (ICU) patients
EN  Enteral nutrition correlate with the management of insulin therapy and nutri-
GS2  Glucosafe 2 tional support during critical illness [1-3]. Hypo- or hyper-
PN  Parenteral nutrition glycemia is related to higher mortality, especially in non-
ICU Intensive care unit diabetic patients [4, 5]. There is an association between high

blood glucose (BG) variability and increased infection rates
and mortality [6, 7]. Inadequate nutritional support contrib-
utes to protein loss and muscle wasting, which may lead to
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depends on how compatible the protocol-specified workflow
is with the user’s other clinical tasks [18, 19].

Recent nutritional guidelines suggest initiating enteral
nutrition (EN) for all patients with a functional digestive tract
and who cannot eat orally within 48 h after admission. Nutri-
tional therapy (EN and/or parenteral nutrition (PN)) should be
progressively increased during the early phase of the critical
illness in order to achieve 80-100% of the measured energy
expenditure from day 4 [13-15]. Despite these recommenda-
tions, a multi-centre prospective observational study observed
that patients who stayed longer than 72 h in the ICU received
on average less than 60% of their caloric needs as estimated
by energy expenditure (EE) as well as less than 60% of the
protein needs [20].

Meeting these challenges becomes even more difficult
since the most recent guidelines recommend a personalized
approach to patient care, including optimized nutrition therapy
and glycemic control [13—15]. In particular, in critically ill
patients with severely reduced insulin sensitivity, it may not
be possible to achieve BG within the target range without tem-
porarily adjusting nutrition support [13].

Glucosafe 2 (GS2) is a decision support system, intended to
assist caregivers in achieving optimised BG control coupled to
nutritional support. GS2 is based on a physiological model of
insulin pharmacodynamics and of glucose metabolism, includ-
ing absorption of nutrients [21, 22]. Its predecessor, Glucosafe,
has been evaluated in three small clinical pilot studies [21-23],
which, like other model-based systems [24-28], has shown
promise by providing tight glucose control, while keeping the
risk of hypoglycemia minimal.

GS2 offers built-in mechanisms to make adaptions to inter-
national and local guidelines which can be transposed into
personalized advice for each patient. The use of GS2 software
requires substantial interaction with the clinical user at the
patient bedside. In this context, low user acceptance could
inhibit the effective use of decision support tools in clinical
practice.

Measuring and evaluating usability can be very difficult,
especially if the tool or device is still under development [29].
This study marks the first step of the "usability engineer-
ing process" suggested by Hallbeck et al. [29] in which we
evaluated the GS2 prototype with qualitative methods in the
intended clinical environment according to the user-centered
design principles [29]. The aim of the study was to identify
potential barriers to the end-user acceptance of GS2 and to
assess how these could be overcome in a revised version of
GS2.

@ Springer

2 Methods and materials
2.1 Setting

This single-center usability study was conducted from
December 2017 to February 2018 in the 36-bed mixed ICU
of Geneva University Hospitals (HUG) in collaboration with
Aalborg University, where the GS2 algorithm and the user
interface of the GS2 prototype for this study was developed.
The ICU department used the Centricity™ Critical Care
patient data management system. The GS2 prototype ver-
sion was installed on the bedside computers, accompanied
by an instruction manual.

2.2 Description of GS2 prototype version

GS2 is a decision support software tool intended for use
in adult ICU patients who are fasting or on EN and/or PN.
The GS2 algorithm models insulin pharmacodynamics and
glucose metabolism. The patient’s anthropometric data, his-
tory of BG measurements, nutrition and insulin therapy are
used to calculate the patient’s current insulin sensitivity,
providing the basis for predicting the patient’s BG levels
for the next four hours. Furthermore, based on insulin sen-
sitivity and the patient’s nutritional targets, the system can
be prompted to give patient-specific personalized advice on
insulin and nutrition therapy (EN and/or PN). GS2 was set
to have a BG target range from 4 to 8 mmol/l. According
to the local nutritional guidelines GS2 advised progressive
feeding starting with 30% of the EE and protein target on day
one and increasing the goals by 30% per day until reaching
100% of EE and protein targets on day four.

The intended users of GS2 are ICU physicians and nurses.
Physicians interact with GS2 to specify the patient’s EE and
daily nutritional caloric and protein intake targets, while
nurses interact mainly with GS2 to monitor progress and to
elicit advice on nutrition and BG control.

The GS2 advice page, as used during the usability study
is shown in Fig. 1 (in French).

2.3 Design of the study

At the beginning of the study, 14 caregivers (nurses and
physicians) received intensive group training by the inves-
tigators and were appointed in charge of the software. Ten
additional caregivers received bedside training by the inves-
tigators assisted by already trained caregivers. The objective
of the training was to ensure, at least one trained caregiver
was available at all shifts to guide and help new users.
Over 2-months the investigators screened all ICU
patients, who were fasting or receiving EN and/or PN. All
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Fig. 1 GS2 prototype advice page. Top left panel: insulin infusion
(blue) and BG measurements (red), prediction of future BG concen-
tration (black) and insulin sensitivity calculation (dark blue). Bottom
left panel: nutrition therapy (ml/h) and total intake (kcal/day). Below:

caregivers in charge of those patients were asked to use GS2
to elicit advice from the tool, but they were for regulatory
reasons not allowed to use the advice. All ratings of the
usefulness of the given advice was therefore subjectively
given by the GS2 users. The minimum time duration to use
GS2 was 3 days. We considered this to be sufficiently long
for users to familiarize with the GS2 graphical user interface
and to recognize its strengths and weaknesses. Users who
used GS2 for 3 days activated the advice function on aver-
age 24 times, considering that BG is measured in regular
intervals, on average every 3 h. A total of 55 caregivers used
GS2 at least once. The first 20 caregivers who used GS2 for
at least 3 days were interviewed, using a semi-structured
questionnaire.

2.4 Semi-structured questionnaire

The objective of semi-structured questionnaire was to guide
the interviews and to assess in depth the perceived barriers
to the use of GS2 and to collect qualitative feedback fol-
lowing the user-centered design dimensions according to
Hallbeck et al. [29]: (1) Ease of learning and use —users
who have never seen the tool before should be able to learn
to use it quickly, (2) Efficiency of use—the tool needs to be
designed to allow rapid accomplishment of tasks, (3) Error
minimization—the tool should be designed to minimize

Protéines 30

key to enter data and to ask for advice. Right panel from top: To Do
list with prompts for the user; list of nutritional products that the
patient is receiving and pump rate; Caloric and protein status from
current day

the number and severity of errors, (4) Subjective satisfac-
tion—the experience of using the tool should be pleasant
and comfortable, and (5) Accommodation—the tool needs
to be fit or adjustable to as wide a group of users as possible.
The semi-structured questionnaire was developed by a mul-
tidisciplinary team including dieticians, ICU physicians and
biomedical engineers, with two team members with previous
experience in the development of questionnaires [30]. It was
then pre-tested by three investigators, not involved in the
development of the questionnaire, to ensure that the ques-
tions were clearly stated and did not induce biased answers.
The structured part had 45 questions under these topics:
General information and computer literacy, user-friendli-
ness and ergonomics, navigation, error handling, help and
support, time-saving and overall impression. Answers were
given as scores on scales with either numeric (e.g. “1-10")
or categorical (e.g. “very useful”...”not useful at all”’) val-
ues. In addition, users could add free text comments to their
answers.

2.5 Data collection and analysis
Results from the interviews were collected through one-
to-one interviews, based on a semi-structured question-

naire. Each interview lasted 20-30 min and was con-
ducted by the same investigator (ICU research dietitian).

@ Springer
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All answers, including interview transcripts and field
notes were written down by the interviewer and were
confirmed by the person who was interviewed.

Results from the interviews were entered into an Excel
data sheet. The average scores + standard deviations (SD)
were calculated for answers given on a numeric scale,
and otherwise the percentage of answers in each category
was calculated. Where appropriate, Fisher’s test and t-test
were used to detect statistically significant differences
(p =0.05). Comments and recommendations from users
for improvement were codified and categorized [31]. We
identified emergent themes corresponding to the core
constructs of usability engineering [29], based on which
we compiled a list of issues and possible solutions for
future development and deployment.

3 Results
The results section is ordered according to the two pur-
poses of the study: (1) results relating to the assessment

of usability; (2) results relating to the solution of issues
identified during the study.

4 Assessment of usability

The results from the user interviews are summarized
below. The full report of the study results (in French) is
given in Appendix A (App. A).

4.1 Study participants (App. A, Sect. 1.1.1)

The characteristics of the 20 interviewed users are
described in Table 1.

Table 1 Description of users

5 The questionnaire topics are summarized
below:

5.1 General information and computer literacy
(App. A, Sect. 1.1.2-1.1.5)

The objectives of GS2 were clear to all users. Most users
(55%) were fully satisfied with the objectives, 40% were
partially satisfied.

5.2 User friendliness, ergonomics and navigation
(App. A, Sect. 1.1.7-1.1.20)

The majority of users (75%) did not find the graphical user
interface overloaded. On a one to ten scale, the graphics
components (pictograms, use of colours, graphics layout)
received high average scores (8.1 +1.8, 8.4+ 1.2, and
7.6 +1.9, respectively). The interface was described as easy
or fairly easy to use by the majority of the users (80%). The
instructions by GS2 were clear for nearly all users (85%) and
there was no doubt about when asking for an advice (95%)
or about its interpretation (70%). Almost half (40%) of the
users had to use the program four or five times, in the begin-
ning, to get acquainted with it. Some navigation problems
seem to be due to the use of abbreviations that users were not
familiar with and in part to some terms not translated into
French. Users also complained of differences in use between
GS2 and the Centricity™ Data Management System used in
their clinical routine. (Table 2, Issue4).

5.3 Error handling, help and support (App. A,
Sect. 1.1.21-1.1.31)

No technical problems appeared during the use of GS2 for
a large majority of users (85%) and data entry was easy to
perform for most of them (70%). Half of the users needed
to refer to the initial instructions when trying to correct data
entry mistake (Table 2, Issues 2 and 3) and 68% reported

Users (n=20)

Nurses (n=17) Physicians (n=3)

n % n % n %
Men 12 (60) 9 53) 3 (100)
Women 8 (40) 8 47 0 0)

Mean (SD) Mean (SD) Mean (SD)
Age 39.2 (8.43) 39.06 9.13) 40 3)
ICU years of experience 11.11 (6.40) 11.31 (6.87) 10 (2.45)
% of work 88.45 (11.36) 86.41 (11.13) 100 0)
Software use (days) 5.77 (2.31) 5 (1.55) 10 )

@ Springer
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Table 2 (continued)

&

Proposed solutions Example(s) from the interviews

Issues

Dimension according to Hallbeck et al.

[29]

Springer

“Giving insulin adaptation advices is more logical

Do not reduce nutrition in response to high BG ~ Change of advice settings to give priority to

13 Accommodation

than nutrition adaptation. Decreasing nutrition
debit to correct blood sugar is the opposite of

their usual practices.”

prescribed calories

that they often detected data omission by the previous GS2
user (Table 2, Issue 1). Nine of the caregivers (45%) never
used the paper instruction manual at the bedside, because
they considered group and individual bedside training as
more useful and sufficient.

5.4 Time-saving and overall impression (App. A,
Sect. 1.1.32-1.1.50)

The time spent for entering data into GS2 was estimated
short or suitable by the majority of the users (30% and 35%
respectively) while 20% of users considered it long and 15%
too long. Most users (70%) did not feel that their daily work-
load was interrupted by GS2 and believed (67%) GS2 would
allow them to save time in the medium and long run. On this
point the opinions differed between nurses and physicians.
A large majority (80%) of the nurses believed it would save
time, whereas none of the physicians did.

Most of the caregivers (70%) expressed that the software
will be useful for their clinical routine, and believed (85%)
that it can help to standardize care and to improve adherence
to best practice guidelines for ICU patients. The GS2 proto-
type version performed as expected in the opinion of 55% of
the caregivers, and another 20% felt overall satisfied with the
performance. Three users (15%) were not satisfied with the
prototype version and would not use it without improvement
(Table 2, Issues 8,9, 10 and 11).

6 Compilation of issues and proposed
solutions

Issues identified by users’ feedback and improvements to the
software decision support system prior to its deployment in
further clinical studies are summarized in Table 2.

The investigators decided to implement all proposed
solutions, except for n°13. It was not implemented because
a temporary reduction of nutrition can be necessary for
patients with high insulin resistance, as underlined in
the recent German nutrition guidelines for intensive care
patients [13].

7 Adaptation of GS2 to local guidelines
and clinical workflow

Following the implementation of the 12 solutions, GS2 was
adapted to local guidelines and clinical workflow. This pro-
cess is exemplified by the screenshots below (Figs. 2 and 3,
in English).
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Settings Patients Advice [Nutrition target]

My Test Patient M 56 yrs, 3 d. ICU, non-diabetic, unknown

Length of ICU stay 50 hours

Caloric Target

Free estimate ‘

Indirect Calorimetry

Last measured:
Value (kcal)

BMI
Ideal Weight

kcal/d - kcal/d

Current Energy Expenditure (EE)

Caloric Target (acute phase)

During recovery phase (post-acute phase)

Total caloric intake since ICU admission
Recovery factor

Final Caloric Target (post-acute phase)

Number of nurse shifts 6

Weight estimate
Actual weight

24.2 kg/m'

2208 kceal/d

0 % of cumulated energy expenditure

System log Log off

User ICU Nurse, My (Clinician) 00:01:32

Acuteness factor m% apply

Protein Target

25 kcal/kg/d

Daily requirement 1.3 g/kg/d

Actual weight

Ideal weight
85.6 kg

kcal/d

Besoins nutritionels calculés 120 g/d

Protein Target (acute phase) ST

On hemofiltration (IHF or CHF):

Is HF (CHF or IHF) currently in use? yes
Compensation for amino acid (AA) losses 130 %

Final Protein Target

Fig.2 GS2 Nutrition target page. Caloric and protein goals. The left panel describes the assessment of energy expenditure and the determination
of a caloric target. The right panel describes how the protein target is determined

7.1 Nutrition targets page of GS2

Figure 2 illustrates how the issues 5 and 11 were handled.
Patients’ nutrition targets are adapted daily according to
the local protocol (App. B). Nutrition therapy is started by
EN from day one whenever possible, and increased gradu-
ally during the “acute phase” to reach isocaloric feeding
on day four.

GS2 implements these recommendations by calculat-
ing the caloric target from the most recent EE estimate
and an “acuteness factor”. This factor is set to 20% at ICU
admission and subsequently incremented by 10% at the
beginning of each nurse shift (every 8 h).

A similar approach is adopted to calculate the recom-
mended protein target from daily protein requirements of
1.3 g/kg/d [15] with an adaptation to the acuteness factor
in the same way as for the caloric target. Furthermore, a
dialysis factor is added to account for protein loss if the
patient is on renal replacement therapy.

7.2 Advice page of GS2

Figure 3 illustrates how issues 4, 6 and 8 were handled. The
new version of the advice page can be compared with the pro-
totype version of GS2 (Fig. 1). The main improvements are
summarized below:

— BG target range has been changed to 5.0-8.5 mmol/l.

— Insulin sensitivity calculation can be seen for each BG
measurement.

— Aslider has been made to shift the display window to see
older data.

— Status of caloric and protein intake can be seen for the
entire ICU stay and for each nurse shift.

@ Springer
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Fig.3 GS2 Advice page. The Advice page. Top left panel: Plots of
insulin infusion (blue) and BG measurements (red). BG measure-
ments are labelled with the Insulin Sensitivity (%) calculated at the
time of the measurement. Middle left panel: Slider to shift the display
window to show older data; an icon to reset the display window to

8 Discussion

The objectives of this study were to assess the end-user
acceptance and usability of GS2 and, based on users’ feed-
back, to identify and remove potential barriers to the use
of this new tool in the intended clinical environment. The
qualitative data analysis showed that the majority of the
users found GS2 useful (70%), time-saving (67%), and easy
or fairly easy to use (80%). Moreover, they believe that GS2
could help to standardise care and could improve adherence
to guidelines (85%).

Comments and potential barriers were raised by the users
and were compiled into a list of 13 issues with correspond-
ing solutions, out of which 12 were implemented in the soft-
ware. With these changes in the software, the new version of
GS2 has been better adapted to local guidelines and clinical
workflow. The implementation of solutions marks only the
first step of a "user-centered design" process which must be
followed by an objective assessment of usability involving
quantitative methods. Two major issues emerged from the
qualitative analysis of this study, i.e. problems with manual
data entry and that the integration of GS2 into the existing
IT infrastructure would be preferable. In fact, the usability
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Intake since 07:00
Current excess:

07:00 - 15:00 Average intake in ICU:
Protein goal:

current time and an icon to request advice. Bottom left panel: Plots
of nutrition rate. Right panel from top: Insulin Sensitivity at the time
of the last BG measurement; the “To do” list with prompts for the
user; Caloric and protein status from time of admission and from the
beginning of the current nurse shift

of GS2 adapted according to the solutions found should be
further tested in a randomized study measuring the real time
of use of GS2 and the data error frequencies.

As mentioned before, the implementation of the recent
international guidelines on BG control and nutrition ther-
apy [13-15] in local protocols remains a challenge and the
adherence to these guidelines was shown to be low [16, 17].
Also, a study on evaluation of nursing work showed that two
hours of direct nursing time per day were needed for patients
with hourly controls [32]. These different points underline
the importance of a decision support system, such as GS2,
which help to standardise local protocols and to save time.

Previously, a few other decision support systems for BG
control or nutrition in the ICU have been studied. A ran-
domised control trial of the Space GlucoseControl system
with an integrated predictive glucose control algorithm
showed BG could be maintained in the defined target range
83% of the time, with a very low rate of hypoglycemia epi-
sodes [33]. Another randomised controlled trial comparing
the LOGIC-2 Insulin BG control algorithm to standard
practice in ICU patients showed that the use of LOGIC-2
algorithm improved the quality of BG control without
increasing hypoglycemia episodes [27]. In the same way
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some studies concerning nutrition therapy, showed a bet-
ter standardization of the care and an increased nutrients
delivery closer to target with computerized monitoring
systems [34-36].

However, to the best of our knowledge, GS2 is the first
system to perform a simultaneous optimization of BG
control and nutrition therapy, and to deliver personalized
advice in the form of calculated pump rates for the insulin
and nutrition pumps. This new tool could help caregivers to
individualise patient care and to create a coupling between
BG control and nutrition, as these two aspects of care must
be optimised simultaneously [13].

Despite this, these systems have not been widely accepted
clinically and to our knowledge, only one system for glu-
cose control is commercially available [33]. An explanation
could be that commercial developments require a sizable
amount of resources and are slowed by an extensive body
of regulatory work. Besides, low user-acceptance is an often
neglected but important aspect that can inhibit the effective
use of decision support tools in clinical practice. For exam-
ple, a systematic review indicated that between 49 and 96%
of computer-generated medication safety alerts were over-
ridden by clinicians [37]. Low user acceptance may be due
to technological, behavioural, social, and organizational bar-
riers and unintended (e.g., technology-introduced) adverse
events could result from unidentified or unaddressed barriers
prior to implementing a new technology [38—41].

We are unaware of other usability studies of decision sup-
port tools for BG control and/or nutrition in the ICU setting.
This study is unusual in the sense that it was performed at an
early stage of development. We feel that this type of study
has been valuable for the development and deployment of
GS2, because we could use the comments raised by the users
to improve GS2.

It’s noteworthy to mention that this usability study has
been performed as defined by the International Organization
for Standardization on Medical Devices (IEC 62366-1:2015)
as "A test of either an actual device or an advanced proto-
type with a fully functional interface whereby data obtained
includes user performance .... and subjective responses of
test participants...". The major strength of this study is that
it was performed in the same setting as GS2 is intended to
function in clinical practice. The participating staff had on
average more than10 years of clinical experience. Moreover
GS2 was used extensively during the study with a mean
duration use of 5.7 (+2.31) days. It is difficult to say if the
number of participants in this study can be considered as
“large” in the sense that we had interviewed 20 users. How-
ever, current EU regulations demand between 5 and 15 par-
ticipants (IEC 62,366—1:2015). Also, the number of partici-
pants is similar to other usability studies with, for example,
20 ICU nurses [42], 15 ICU doctors, or 2 ICU pharmacists
[43]. Finally, the investigators consider that it is unlikely that

a larger number of participants would have identified many
other new issues.

This usability study has some limitations. Firstly, only a
limited set of questions could be addressed. Indeed aspects
as user friendliness, integration into local guidelines and
workflow and potential for time saving were evaluated,
while other aspects as efficiency and safety could not be
quantitatively addressed. Secondly, bedside teaching was
not standardized but was adapted individually to each user
needs. One possible selection bias could have been that the
caregivers were highly experience with a mean ICU experi-
ence of 11 years (SD +6.40 years). However, the range was
large with a minimum of 0.5 and a maximum experience of
23 years. Finally, another limiting factor may be that this
usability study has only been conducted in a single ICU,
and that the same usability study performed in another ICU
with different local guidelines and workflow may reveal
other problems. However, due to the extensive amount of
modifiable settings, the investigators believe that GS2 offers
sufficient flexibility to make appropriate adaptations to most
local guidelines as well as changes over time. Further clini-
cal studies with the GS2 software are warranted, with the
aim to evaluate the safety and efficiency of this new tool and
to confirm findings from this study.

9 Conclusion

This usability study showed that GS2 was considered by
ICU caregivers as helpful in daily clinical practice, allowing
time-saving and better standardization of ICU patient’s care.
Some important issues were raised and allowed substantial
improvements of the usability of GS2. Efficacy and safety
issues should be evaluated in a randomized controlled trial,
with a focus on achieving optimised blood glucose control
and better adherence to nutritional guidelines.

Acknowledgements The authors thank all the GS2 users for their par-
ticipation in the study. We also thank Dr. Shellie Boudreau for language
editing.

Author contributions AW participated in the study design, trained the
caregivers, screened and included the patients, collected, analysed and
interpreted the data, and drafted the manuscript. UP participated in
the study design, protocol and questionnaire, trained caregivers, par-
ticipated in the setting up of the study, developed the software and
drafted the manuscript. SG conceived the study protocol, design and
questionnaire, participated to the setting up of the study and drafted
the manuscript. NS contributed to the study design, protocol, and
questionnaire and to setting up the study and revising the manuscript.
BP implemented the software, was responsible for the IT support and
participated to setting up the study. SA conceived the study protocol,
design and questionnaire, contributed to the software development and
revised the manuscript. CPH, as responsible part, conceived the study
protocol, design and questionnaire, trained the caregivers, obtained
funding, analysed and interpreted the data, and drafted the manuscript.

@ Springer



Journal of Clinical Monitoring and Computing

Funding Financial support came from the institutional research fund
of intensive care (Department of Anaesthesiology, Pharmacology and
Intensive Care—APSI) and from AAU Proof of Concept at Aalborg
University, Denmark.

Compliance with ethical standards

Conflict of interest A de Watteville (AW), U Pielmeier (UP), S Graf
(SG), N Siegenthaler (NS) and B Plockyn (BP) declare that they have
no conflict of interest. S Andreassen (SA): board member of Judex
Datasystems AS, Treat Systems ApS, OBI Medical AS and Amphi
Systems, none being related to the present study. CP Heidegger (CPH):
received restricted research Grants from Fresenius Kabi and Nestlé,
none being related to the present study.

Ethical approval The Ethics Committee of Geneva University Hospital
decided that there was no need for approval for this project according
to the art. 2 of the law on research on the human being (“Loi relative a
la recherché sur I’étre humain’).

References

1. Callahan LA, Supinski GS. Hyperglycemia-induced dia-
phragm weakness is mediated by oxidative stress. Crit Care.
2014;18(3):R88.

2. Ekpe K, Novara A, Mainardi JL, Fagon JY, Faisy C. Methicil-
lin-resistant Staphylococcus aureus bloodstream infections are
associated with a higher energy deficit than other ICU-acquired
bacteremia. Intensive Care Med. 2014;40(12):1878-87.

3. Wischmeyer PE, Puthucheary Z, San Millan I, Butz D, Grocott
MPW. Muscle mass and physical recovery in ICU: innovations
for targeting of nutrition and exercise. Curr Opin Crit Care.
2017;23(4):269-78.

4. Kotagal M, Symons RG, Hirsch IB, Umpierrez GE, Dellinger
EP, Farrokhi ET, et al. Perioperative hyperglycemia and risk of
adverse events among patients with and without diabetes. Ann
Surg. 2015;261(1):97-103.

5. Krinsley JS. Glycemic control in the critically ill—3 domains
and diabetic status means one size does not fit all! Crit Care.
2013;17(2):131.

6. Clain J, Ramar K, Surani SR. Glucose control in critical care.
World J Diabetes. 2015;6(9):1082-91.

7. Krinsley JS. Association between hyperglycemia and increased
hospital mortality in a heterogeneous population of critically ill
patients. Mayo Clin Proc. 2003;78(12):1471-8.

8. Puthucheary ZA, Rawal J, McPhail M, Connolly B, Ratnayake
G, Chan P, et al. Acute skeletal muscle wasting in critical illness.
JAMA. 2013;310(15):1591-600.

9. Schefold JC, Bierbrauer J, Weber-Carstens S. Intensive care unit-
acquired weakness (ICUAW) and muscle wasting in critically ill
patients with severe sepsis and septic shock. J Cachexia Sarcope-
nia Muscle. 2010;1(2):147-57.

10. Ali NA, O’Brien JM Jr, Hoffmann SP, Phillips G, Garland A,
Finley JC, et al. Acquired weakness, handgrip strength, and
mortality in critically ill patients. Am J Respir Crit Care Med.
2008;178(3):261-8.

11. Combes A, Costa MA, Trouillet JL, Baudot J, Mokhtari M, Gib-
ert C, et al. Morbidity, mortality, and quality-of-life outcomes of
patients requiring >14 days of mechanical ventilation. Crit Care
Med. 2003;31(5):1373-81.

12. Wieske L, Dettling-Ihnenfeldt DS, Verhamme C, Nollet F, van
Schaik IN, Schultz MJ, et al. Impact of ICU-acquired weakness

@ Springer

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

on post-ICU physical functioning: a follow-up study. Crit Care.
2015;19:196.

Elke G, Hartl WH, Kreymann KG, Adolph M, Felbinger TW,
Graf T, de Heer G, Heller AR, Kampa U, Mayer K, Muhl E,
Niemann B, Riimelin ASS, Stoppe C, Weimann A, Bischoff SC.
DGEM Guideline “Clinical Nutrition in Critical Care Medi-
cine”. Aktuel Ernahrungsmed. 2018;43:341-408.

McClave SA, Taylor BE, Martindale RG, Warren MM, Johnson
DR, Braunschweig C, et al. Guidelines for the Provision and
Assessment of Nutrition Support Therapy in the Adult Criti-
cally Ill Patient: Society of Critical Care Medicine (SCCM)
and American Society for Parenteral and Enteral Nutrition
(A.S.P.E.N.). JPEN. 2016;40(2):159-21111.

Singer P, Blaser AR, Berger MM, Alhazzani W, Calder PC,
Casaer MP, et al. ESPEN guideline on clinical nutrition in the
intensive care unit. Clin Nutr. 2019;38(1):48-79.

Rood E, Bosman RJ, van der Spoel JI, Taylor P, Zandstra DF.
Use of a computerized guideline for glucose regulation in the
intensive care unit improved both guideline adherence and glu-
cose regulation. ] Am Med Inform Assoc. 2005;12(2):172-80.
Taylor BE, Schallom ME, Sona CS, Buchman TG, Boyle WA,
Mazuski JE, et al. Efficacy and safety of an insulin infusion
protocol in a surgical ICU. J Am Coll Surg. 2006;202(1):1-9.
Eslami S, Abu-Hanna A, de Keizer NF, Bosman RJ, Spronk PE,
de Jonge E, et al. Implementing glucose control in intensive
care: a multicenter trial using statistical process control. Inten-
sive Care Med. 2010;36(9):1556-655.

Chase JG, Andreassen S, Jensen K, Shaw GM. Impact of human
factors on clinical protocol performance: a proposed assess-
ment framework and case examples. J Diabetes Sci Technol.
2008;2(3):409-16.

Cahill NE, Dhaliwal R, Day AG, Jiang X, Heyland DK. Nutri-
tion therapy in the critical care setting: what is "best achievable"
practice? An international multicenter observational study. Crit
Care Med. 2010;38(2):395-401.

Pielmeier U, Rousing ML, Andreassen S, Nielsen BS, Haure P.
Decision support for optimized blood glucose control and nutri-
tion in a neurotrauma intensive care unit: preliminary results of
clinical advice and prediction accuracy of the Glucosafe system.
J Clin Monit Comput. 2012;26(4):319-28.

Pielmeier U, Andreassen S, Juliussen B, Chase JG, Nielsen
BS, Haure P. The Glucosafe system for tight glycemic con-
trol in critical care: a pilot evaluation study. J Crit Care.
2010;25(1):97-104.

Riddersholm SPJ, Rousing ML, Pielmeier U, Andreassen S. Low-
ering of blood glucose and its variability by computerized deci-
sion Support. Clinical diabetes technology meeting April 20-21,
2012; Los Angeles, USA.

Vogelzang M, Zijlstra F, Nijsten MW. Design and implementa-
tion of GRIP: a computerized glucose control system at a surgical
intensive care unit. BMC Med Inform Decis Mak. 2005;5:38.
Stewart KW, Chase JG, Pretty CG, Shaw GM. Nutrition delivery,
workload and performance in a model-based ICU glycaemic con-
trol system. Comput Methods Programs Biomed. 2018;166:9-18.
Pachler C, Plank J, Weinhandl H, Chassin LJ, Wilinska ME, Kul-
nik R, et al. Tight glycaemic control by an automated algorithm
with time-variant sampling in medical ICU patients. Intensive
Care Med. 2008;34(7):1224-300.

Dubois J, Van Herpe T, van Hooijdonk RT, Wouters R, Coart
D, Wouters P, et al. Software-guided versus nurse-directed blood
glucose control in critically ill patients: the LOGIC-2 multicenter
randomized controlled clinical trial. Crit Care. 2017;21(1):212.
Abu-Samah A, Knopp JL, Abdul Razak NN, Razak AA, Jamalu-
din UK, Mohamad Suhaimi F, et al. Model-based glycemic con-
trol in a Malaysian intensive care unit: performance and safety
study. Med Devices. 2019;12:215-26.



Journal of Clinical Monitoring and Computing

29.

30.

31.

32.

33.

34.

35.

36.

Hallbeck MS, Koneczny S, Buchel D, Matern U. Ergonomic
usability testing of operating room devices. Stud Health Technol
Inform. 2008;132:147-52.

Heidegger CP, Graf S, Perneger T, Genton L, Oshima T, Pichard
C. The burden of diarrhea in the intensive care unit (ICU-BD).
A survey and observational study of the caregivers’ opinions and
workload. Int J Nurs Stud. 2016;59:163-8.

Glaser BGSA. The constant comparative method of qualitative
analysis. The discovery of grounded theory: strategies for qualita-
tive research. New York: Aldine DeGruyter; 1967.

Aragon D. Evaluation of nursing work effort and perceptions
about blood glucose testing in tight glycemic control. Am J Crit
Care. 2006;15(4):370-7.

Blaha J, Barteczko-Grajek B, Berezowicz P, Charvat J, Chvojka
J, Grau T, et al. Space GlucoseControl system for blood glucose
control in intensive care patients—a European multicentre obser-
vational study. BMC Anesthesiol. 2016;16:8.

Berger MM, Revelly JP, Wasserfallen JB, Schmid A, Bouvry
S, Cayeux MC, et al. Impact of a computerized information
system on quality of nutritional support in the ICU. Nutrition.
2006;22(3):221-9.

Bousie E, van Blokland D, van Zanten ARH. Effects of imple-
mentation of a computerized nutritional protocol in mechanically
ventilated critically ill patients: a single-centre before and after
study. Clin Nutr ESPEN. 2016;11:e47-e54.

Ettori F, Henin A, Zemmour C, Chow-Chine L, Sannini A, Bisbal
M, et al. Impact of a computer-assisted decision support system
(CDSS) on nutrition management in critically ill hematology
patients: the NUTCHOCO study (nutritional care in hematology
oncologic patients and critical outcome). Ann Intensive Care.
2019;9(1):53.

37.

38.

39.

40.

41.

42.

43.

van der Sijs H, Aarts J, Vulto A, Berg M. Overriding of drug
safety alerts in computerized physician order entry. J Am Med
Inform Assoc. 2006;13(2):138-47.

Ash JS, Berg M, Coiera E. Some unintended consequences of
information technology in health care: the nature of patient care
information system-related errors. ] Am Med Inform Assoc.
2004;11(2):104-12.

Gephart S, Carrington JM, Finley B. A Systematic Review of
Nurses’ Experiences With Unintended Consequences When Using
the Electronic Health Record. Nurs Adm Q. 2015;39(4):345-56.
Koppel R, Metlay JP, Cohen A, Abaluck B, Localio AR, Kimmel
SE, et al. Role of computerized physician order entry systems in
facilitating medication errors. JAMA. 2005;293(10):1197-203.
Sittig DF, Singh H. Defining health information technology-
related errors: new developments since to err is human. Arch
Intern Med. 2011;171(14):1281-4.

Reynolds TL, DeLucia PR, Esquibel KA, Gage T, Wheeler NJ,
Randell JA, et al. Evaluating a handheld decision support device in
pediatric intensive care settings. JAMIA Open. 2019;2(1):49-61.
Dabliz R, Poon SK, Ritchie A, Kuan K, Penm J. The digitization
of the ICU: an evaluation of usability and hospital-wide accept-
ability. Stud Health Technol Inform. 2019;264:566-70.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer



	Usability study of a new tool for nutritional and glycemic management in adult intensive care: Glucosafe 2
	Abstract
	1 Introduction
	2 Methods and materials
	2.1 Setting
	2.2 Description of GS2 prototype version
	2.3 Design of the study
	2.4 Semi-structured questionnaire
	2.5 Data collection and analysis

	3 Results
	4 Assessment of usability
	4.1 Study participants (App. A, Sect. 1.1.1)

	5 The questionnaire topics are summarized below:
	5.1 General information and computer literacy (App. A, Sect. 1.1.2–1.1.5)
	5.2 User friendliness, ergonomics and navigation (App. A, Sect. 1.1.7–1.1.20)
	5.3 Error handling, help and support (App. A, Sect. 1.1.21–1.1.31)
	5.4 Time-saving and overall impression (App. A, Sect. 1.1.32–1.1.50)

	6 Compilation of issues and proposed solutions
	7 Adaptation of GS2 to local guidelines and clinical workflow
	7.1 Nutrition targets page of GS2
	7.2 Advice page of GS2

	8 Discussion
	9 Conclusion
	Acknowledgements 
	References


