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Abstract

Background: We examined whether a context and process-sensitive ‘intelligent’ checklist increases compliance with
best practice compared with a paper checklist during intensive care ward rounds.

Methods: We conducted a single-centre prospective before-and-after mixed-method trial in a 35 bed medical and sur-
gical ICU. Daily ICU ward rounds were observed during two periods of 8 weeks. We compared paper checklists (control)
with a dynamic (digital) clinical checklist (DCC, intervention). The primary outcome was compliance with best clinical
practice, measured as the percentages of checked items and unchecked critical items. Secondary outcomes included ICU
stay and the usability of digital checklists. Data are presented as median (interquartile range).

Results: Clinical characteristics and severity of critical illness were similar during both control and intervention periods
of study. A total of 36 clinicians visited 197 patients during 352 ward rounds using the paper checklist, compared with 211
patients during 366 ward rounds using the DCC. Per ICU round, a median of 100% of items (94.4—100.0) were completed by
DCC, compared with 75.1% (66.7—86.4) by paper checklist (P=0.03). No critical items remained unchecked by the DCC,
compared with 15.4% (8.3—27.3) by the paper checklist (P=0.01). The DCC was associated with reduced ICU stay (1 day
[1—3]), compared with the paper checklist (2 days [1—4]; P=0.05). Usability of the DCC was judged by clinicians to require
further improvement.

Conclusions: A digital checklist improved compliance with best clinical practice, compared with a paper checklist, during
ward rounds on a mixed ICU.

Clinical trial registration: NCT 03599856.
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Editor’s key points

e Studies exploring the impact of clinical checklists on
outcomes are inconsistent.

e Digital checklists may overcome these barriers by

optimising compliance with using checklists.

This single-centre prospective before-and-after mixed-

method trial in ICU compared paper vus digital

checklists.

The digital intervention increased checklist compliance

and this was associated with shorter ICU stays.

A digital checklist during ICU ward rounds appears to

improve compliance with best clinical practices.

Implementation of medical checklists in clinical practice may
reduce adverse events and related deaths.’ ® However, studies
on the impact of checklists have been inconsistent,” ° which
may be explained by a lack of compliance as a result of mul-
tiple socio-organisational barriers. Checklist design, accessi-
bility, workflow integration, and perceived relevance of
content by clinicians may also hinder the uptake and impact
of checklists.?%®

Digital checklists may overcome these barriers and opti-
mise compliance with checklists.’?'*> A clinical decision
support system (CDSS) called TraceBook has been developed
that uses dynamic clinical checklists (DCCs) in a process-
oriented and context-aware manner.'*'> This CDSS contains
several innovations to support successful use of checklists in
healthcare. First, the CDSS is able to gather and integrate in-
formation from different data sources within the hospital.
Second, the rule engine within the CDSS prepares personal-
ised digital checklists containing items relevant to the care of
each individual patient.'>'??® Third, automated checks are
feasible when healthcare professionals locally agree that a
rule can be checked automatically. Finally, the CDSS provides
better insight into workflow, displays guideline recommen-
dations upon request, and highlights relevant data from the
medical databases requiring extra attention such as laboratory
results.****

The results of a simulation study in 2017 showed that
implementing the DCC for ICU ward rounds was associated
with markedly improved compliance to local guidelines
compared with local standard of care with a paper checklist.!
Participating physicians appreciated the DCCs with a high
satisfaction score.!? Although promising, these results shed no
light on compliance and effectiveness of the DCCs in real
clinical practice. Therefore, we conducted this before-and-
after mixed-method trial to evaluate and provide context
about the effect of DCCs on the compliance with best eligible
practice during ICU ward rounds compared with the local
standard of care using paper checklists.

Methods
Study design and setting

This prospective before-and-after mixed-method study was
carried out from July 2018 until March 2019 in the ICU of
Catharina Hospital Eindhoven, a tertiary hospital in the
Netherlands. This department is a 35 bed mixed medical and
surgical ICU, including cardiothoracic surgery (Supplementary

Table S1). The study consisted of two periods: a control period
of 8 weeks with local standard of care and an intervention
period of 8 weeks (Supplementary Table S2). A mixed-methods
design, including questionnaires and interviews, was used to
provide context for the quantitative results. The study was
approved by the Institutional Review Board (W18.046) and
registered at clinicaltrials.gov (NCT03599856). We adhered to
the guidelines for Strengthening the Reporting of Observa-
tional studies in Epidemiology (Supplementary material).®

Study population and eligibility criteria

Eligible participants of this study were intensivists, residents,
and ICU physician assistants who were in the lead of the ICU
daily ward round.” The intensivist carried the final re-
sponsibility during these rounds. All clinical ICU staff were
informed about the study and all consented to participate. The
full study protocol is available online.

Control: local standard of care—paper checklists

An ICU ward round is a scheduled visit of the ICU patients at
the end of the morning in which residents or physician as-
sistants review relevant clinical data and clinical decisions are
made together with the responsible intensivist. A bedside
paper checklist containing 17 items is available to be used at
their convenience. This checklist is based on the FAST HUG
mnemonic with extra items added based on local guidelines
developed since its introduction in the ICU (Supplementary
Table $2).*8'% In addition, the hospital uses the CDSS Gas-
ton® (Gaston Medical, Eindhoven, the Netherlands) to review
prescribed medication on the ICU and alert pharmacists if one
of the 23 predetermined pharmacological clinical rules for the
ICU are violated.?’ 22

Intervention: dynamic clinical checklist

TraceBook’s DCC generates on request dedicated checklists for
each individual patient and is easily accessible on a tablet or
computer (Fig. 1). To generate the DCC, the systems of Trace-
Book and GASTON both have a rule engine containing a model
of transparent algorithms, comparable with a decision tree,
with clinical rules and pharmacological rules. First, GASTON
gathers the relevant medical data of a patient from various
medical information systems, such as the electronic health
record, the laboratory information system, the pharmaceu-
tical prescription system, and others. Then, both systems run
the rule engines and TraceBook determines which rules are
relevant for an individual patient in a specific context. These
items then become a checkable item for the DCC of that
particular patient (Supplementary Fig. S1 provides a schematic
overview of how a DCC is composed).?*?1?> After considering
an item, users can tab the corresponding box and make a note
if desired until the DCC is completed. The whole system is
designed to easily create or modify rules, even by caregivers
themselves. The model for the ICU ward round DCC is com-
parable with the DCC used in the previous simulation-based
trial.* Before starting the study, algorithms were updated by
researcher ADB and checked by researcher AB to match
currently applied local guidelines.' Rules were not modified
during both periods.


http://clinicaltrials.gov

406 | De Bie et al.

O Bedd ©
443910 82

. Admission reason

Aortic valve replacement and CABG-2, good LVEF

David Wilson

Nutritional status

intubated and enteral feeding Is

MRN LOS
2 days

DOB
16/07/1954 (64)

Gender
Male

@ History

@ Medication

cribed

Tap here to view the guidelines

Daily caloric needs @

Caloric deficit of -500kcal/day (needed = 1865)

A Advice Consult dietican and increase dosage enteral feeding to 12x120ml.

Defecation

Analgesics

Morphine

Fig 1. Screenshot of TraceBook’s dynamic clinical checklists for the ICU ward round from a fictional person.

Data collection and endpoints

Two researchers (ADB and EM) observed the rounds. Both ob-
servers were former ICU residents and familiar with the local
practice and guidelines. A ceiling-mounted camera and a
microphone allowed the researchers to observe the rounds in
another room out of the sight of the ICU staff (video was not
recorded). Except for the weekends, all morning rounds were
eligible to be observed if observers were available
(Supplementary Fig. S2).

Primary outcome

The primary outcome was a composite of compliance with best
clinical practice (assessed as the percentage of discussed
checklist items) and the percentage of critical checklist items
that were unaddressed per patient on each ward round. A crit-
ical item was defined as an item that required an intervention
based on local protocol. A standardised paper list with 25 pre-
defined items, based on the paper checklist and local guidelines
(Supplementary Table S2), combined with the output of the DCC
were used to judge which items needed to be discussed (e.g. the
item ‘radiological examination’ was considered inapplicable if
no examination was performed in the last 24 h).

Secondary outcomes

We also analysed the following secondary outcomes:

1. Patient-centred outcomes: length of ICU stay, mortality
rate, and number of ventilator days.

2. Outcomes related to specific care processes: number of auto-
matically checked items for violated pharmacological clinical
rules and registered complications; prescribed regular use of
analgesics, sedatives, and empiric antibiotics; pain scores
(Critical Care Pain Observation Tool [CPOT; 0—6] and VAS
[0-10])%; and the Richmond Agitation-Sedation Scale
(RASS; —5 t0 5).%*

Assessment of end-user experience

We evaluated clinicians’ experience of the digital intervention
period using self-report questionnaires and semi-structured
interviews at the end of each period. The AttrakDiff ques-
tionnaire was used to assess usability based on pragmatic and
ease-of-use (hedonic) factors (Supplementary material).?” User
acceptance was assessed with a questionnaire based on the
Technology Acceptance Model-2 (TAM-2; Supplementary ma-
terial).?® To better understand the quantitative insights on
user acceptance with DCC, interviews were conducted. An
independent researcher (LG) conducted semi-structured in-
terviews in the 2 weeks after the intervention period. An
interview topic guide based on the TAM-2 model was used to
explore acceptance, perceived strengths and weaknesses of
the DCC, expectations and experiences, and the perceived
barriers to implementation (Supplementary material).
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Table 1 Primary and secondary outcomes.

Control period

Intervention period ¥%-orz- P-

Paper checklist (n=352 in

196 patients)

score value'
Digital dynamic checklist (=366 in
205 patients)

Primary outcomes

Percentage of checked items, %; median
(IQR)

Percentage of unchecked critical items,
%; median (IQR)

Secondary outcomes

Medication-related rules
Number of alerts, median (range)
Number of relevant alerts*, median (range) 0 (0—6)

Phone calls of pharmacist to ICU clinician, 0 (0-5)
median (range)

Number of intervention-based alerts,
median (range)

Prescribed medication: number of days
per patient; Median (range)
Opiates; prescribed as regular use each day 1.0 (0.0—24.0)

77.8 (66.7—86.4)

15.4 (8.3—27.3)

Paracetamol; prescribed as regular use 2.0 (0.0—47.0)
each day
No PPI, while indicated 1.0 (0.0-37.0)
LV. sedatives' 0.0 (0.0—11.0)
Antibiotics’ 0.0 (0.0—34.0)
Secondary outcomes
Complications

Registered complications, median (range) 0.0 (0.0—19.0)

Gastrointestinal bleedings, n (%) 1(0.5)
Hospital-acquired pneumonia, n (%) 8 (4.1)
CRBSI, n (%) 3(1.5)
Hypoglycaemia (<4 mmol L™, median 0.0 (0.0-9.0)
(range)

Hyperglycaemia (>15 mmol L), median 0.0 (0.0—9.0)
(range)

Days without defecation for at least 1.0 (0.0—7.0)
>48 h, median (range)

VAS (1-10), n n=1052
Median (IQR) 1.0 (0.0-3.0)
Pain scores (1—10) >4; n (%) 177 (16.8)

CPOT (0—6), n n=453
Median (IQR) 1.0 (0.0—2.0)
CPOT score (0—6) >2; n (%) 115 (25.4)

RASS (—5-5), n n=1158
Median (IQR) 0.0 (—~1.0—0.0)

100.0 (94.4—100.0) z=21.9 0.03

0.0 (0.0-0.0) z=-17.7 0.02
0 (0-14) z=-1.52 0.30
0(0-3) z=-0.15 0.98
0 (0-3) z=-0.15 1.02
0(0-3) z=-021 1.08
1.0 (0.0—14.0) z=-2.00 0.17
1.0 (0.0—30.0) z=-1.32 041
1.0 (0.0—30.0) z=-0.30 1.16
1.0 (0.0-12.0) z=-7.09 0.01
0.0 (0.0-18.0) z=-3.78 <0.01
1.0 (0.0-11.0) z=-0.34 117
5 (2.4) 7?=1.88 047
5 (2.4) %?=0.48 0.82
0 (0.0) ¥?=3.24 0.21
1.0 (0.0-6.0) z=—0.19 1.02
1.0 (0.0-5.0) z=-1.85 0.19
0.0 (0.0-5.0) z=-1.61 0.28
n=1266

1.0 (0.0-3.0) z=-0.91 0.65
207 (16.4) %2=0.06  1.09
n=404

0.0 (0.0-1.8) z=-4.98 <0.01
64 (15.8) %?=11.20 <0.01
n=1270

0.0 (-~1.0-0.0) z=-1.22 044

CPOT, Critical Care Pain Observation Tool; CRBSI, central-venous-catheter-related bloodstream infections; IQR, inter-quartile range; PPI, proton pump

inhibitor; RASS, Richmond Agitation-Sedation Scale.
" Determined by the hospital pharmacist on duty.
f Propofol or midazolam.
 Days with only selective digestive decontamination excluded.
T False discovery rate adjusted P-value.

Statistical analyses

Quantitative data analyses were performed with SPSS (version
22.0; IBM Corp, Armonk, NY, USA). Distribution of continuous
variables was assessed with the Kolmogorov—Smirnov test
and by analyses of the histograms. Non-normally distributed
data were analysed with the Mann—Whitney U-test or the %?
test. A false discovery rate correction was used to correct for
the multiple comparisons and calculate the false discovery
rate adjusted P-values.”’ We report the z-score (also called a
standard score), a measure of how many standard deviations
below or above the population mean a raw score is. All the
reported P-values are two-sided, all have been adjusted, and a
P-value of 0.05 or lower was considered statistically
significant.

A deductive approach was applied for the qualitative data
analysis, with categories based on the TAM-2 with additional
elements around the topic of routines and habits. Analyses
started with annotations at the sentence, question, and topic
level on the interview transcripts by two independent re-
searchers (LG and KD) with Atlas.ti 7 (Atlas.ti, Scientific Soft-
ware Development GmbH, Berlin, Germany, 2013). For each
factor, variations in opinions within the factors were described
(e.g. positive us negative; pros us cons).

Sample size estimation

A sample size calculation was performed with G*power
(G'power team, version 3.1.9.2, Kiel, Germany). Based on
findings of the pilot study {73.6% (inter-quartile range [IQR]:
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Fig 2. Boxplots of the median percentage checked items (a) and unchecked critical items (b) per ICU ward round. *Adjusted P-value.

64.5-79.3) vs 100% (IQR: 100.0—100.0)},'' a sample of 50
observed patients during each period would provide 95% po-
wer to detect a difference of 26.4% of checked items with a type
I error of 5% and corrected for dropouts. We aimed for 120
patients in each period, because in contrast to a simulation-
based study the patient scenarios in real practice are not
controlled by the researchers.

Results
Participants

Clinical characteristics, severity-of-disease classification score
and comorbidities were similar between both periods
(Supplementary Table S3). During both study periods, 14
intensivists, seven ICU physician assistants, and 15 doctors in
training were observed during daily ICU rounds.

Study characteristics

A total of 196 patients were included during the control (paper
checklist) period (July—August 2018). Participants performed

four ICU rounds (range one to eight), with 14 items (range eight
to 22) applicable per patient; 3764/5007 checklist items (75.2%)
were discussed by clinicians during 352 rounds. In the DCC
intervention period (September—November 2018), three
rotating residents replaced eight residents who worked on the
ICU during the control period. A total of 205 patients were
included, with clinicians performing five ICU rounds (range
three to eight) per day. During 366 rounds, 10 (range five to 18)
checklist items were applicable per patient, with 5332/5476
items (97.4%) checked (Supplementary material provides more
detailed descriptive information for both groups).

Primary outcome

We observed an increase of checked overall items from 77.8%
(IQR=66.7—86.4) in the control period to 100% (IQR=94.4—100.0)
when the DCC was used during the intervention period
(P=0.03, z=—22.3; Table 1; Fig. 2). The percentage of unchecked
critical items decreased from 15.4% (IQR=8.3—27.3) during the
control (paper checklist) period, to zero during the DCC period

Table 2 Clinical outcomes of the patients in the control and the intervention period. IQR, inter-quartile range.

Control period Intervention period %2- or z-score  P-value*
Paper checklist (n=197) Digital dynamic checklist (n=211)
Mortality, n (%)
ICU 12 (6.1) 14 (6.6) %?=<0.01 1.01
30-day 17 (8.6) 20 (9.5) ¥?=0.02 0.96
90-day 23 (11.7) 28 (13.3) %2=0.11 1.06
Length of stay (days), median (IQR)
ICU 2.0 (1.0—-4.0) 1.0 (1.0—3.0) z=—2.55 0.05
Hospital 9.0 (6.8—17.0) 8.0 (6.0—16.0) 72=—2.46 0.05
Invasive ventilation time (h), median (IQR)
Overall group 7.0 (4.0—23.3) 7.0 (4.0—30.0) z=-0.02 0.98
Patients >24 h of invasive ventilation = 89.0 (42.0—117.0) 68.0 (42.8—173.0) z=-0.20 1.05

*False discovery rate adjusted P-value.
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Pragmatic quality (PQ)

(P=0.02, z=—16.2; Table 1). Correcting for false discovery rates
did not alter these findings (Supplementary Table S4).

Secondary outcomes
Patient-centred outcomes

The length of stay in the ICU (z-score —2.5, P=0.05) and hos-
pital (z-score —2.5, P=0.05) was shorter during the DCC period
(Table 2), including after adjustment for false discovery rate
correction (Supplementary Table S4). Mortality rates and

invasive ventilation time were similar during both study pe-
riods (Table 2).

Outcomes related to specific care processes

The median CPOT score was lower during the DCC period
compared with the control period, whereas the median
number of days with i.v. sedatives prescribed was higher
(Table 1). Opiates prescribed for regular use and empiric
antibiotic prescriptions were reduced during the DCC period
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Table 3 Quotes of interviewed participants after the intervention period. DCC, dynamic clinical checklists; TAM, Technology Accep-

tance Model.

TAM-2 categories

Quotes

Participant

Perceived ease of use

Job relevance

Perceived usefulness

Beliefs and attitudes

Q1

Q2
Q3

Q4

Q5

Q6

Q7

Q8

‘The layout is good. The DCC is very clear with that little round circle.
I find that a positive thing. It is quick. It is not a very slow system. [...]
I think those are the real benefits.’

‘... I found it annoying that it sometimes jumps out, logged out and that
I have to log back in ... Or if I accidentally press on it, it switches off.’

‘I don’t want to be dependent on such a machine when thinking
about a patient. But I am a human being and I make mistakes. I slip
up and then a safety net is welcome.’

‘I think that the greatest added value is related to medication. That’s
where I found the extra information [from the DCC] always valuable.’

‘It’s a sort of check for myself, if I am not missing anything, if I have
thought about everything. It provides structure. Yes, it is an aid.
I feel more reassured when using the checklist.’

“To improve the health of patients is quite a stretch. I think it increases
the odds of people following protocol. But if that improves
the odds of patients improving? I don’t know. Maybe sometimes yes,
sometimes no. But protocols are there for a reason and it is important
to follow them.’

‘The danger is if you only are trained with cognitive support tools and
in the end, no one can really help you with that. Identifying the
main topics and details, and being able to see the endpoint, that is
where we need to focus.’

‘Decision support is valuable. It is more valuable than checklists. The
DCC is now too much of a checklist.’

Female, intensivist, <5 yr
of experience

Male, intensivist, <5 yr of
experience

Female, intensivist, 5—10
yr of experience

Female, physician
assistant, <5 yr of
experience

Female, physician
assistant, <5 yr of
experience

Male, physician assistant,
5—10 yr of experience

Male, intensivist, <5 yr of
experience

Male, intensivist, 5—10 yr
of experience

(Table 1). Other secondary outcomes were similar between
both periods of study. Post hoc analyses (correcting for false
discovery rate) were similar, other than for opiate use
(Supplementary Table S4).

Assessment of end-user experience

The DCC was rated as easier to use than the paper checklist, as
assessed by the AttrakDiff questionnaire (n=21 participants
after each period; Supplementary Table S5) and the TAM-2-
based questionnaire (18 participants after the control period;
21 participants after the intervention period; Supplementary
Table S6). Clinicians preferred the DCC to accomplish their
goals during the rounds (Fig. 3; Supplementary material).

Semi-structured interviews

Most clinicians found the DCC intuitive and easy to use
(Table 3), despite not receiving training on how to use it. Most
clinicians agree that the content of the DCC was relevant for
their work and believed it could prevent mistakes
(Supplementary material). However, clinicians were not
convinced that this would translate into improved patient
outcomes because the DCC mainly covers protocolised care
processes but not clinical decision-making for the treatment
of the underlying life-threatening diseases. There were several
suggestions as to how the usability of the DCC could be
improved (Supplementary material).

Discussion

In this prospective before-and-after mixed-method study we
observed that compliance with best practice improved after a
DCC was implemented during ICU ward rounds. Use of the

DCC was associated with a shorter ICU stay and fewer days
with prescribed empiric antibiotics. In the intervention period,
the increased number of days with i.v. continuous sedatives
translated into less unacceptable levels of critical care pain
scores. Overall, physicians valued the DCC as an attractive and
innovative technology. Although in questionnaires the us-
ability of the DCC was rated similar to the paper checklist, the
majority of the physicians mentioned that the DCC was easily
applied in daily practice and has more future potential
compared with paper checklists.

The compliance rate of the paper checklist items in the
control period was similar to other studies and the previous
simulation pilot study.”?®3° As compared with the pilot
study, similar high rates of checked items were found in this
study, but now for an intervention period of 8 weeks in real
practice.!’ These high rates provide reassurance that phy-
sicians considered the presented items and chose to follow
or intentionally deviate from protocol in the interest of their
individual patient. The observed improvement is in line with
results of most other healthcare studies evaluating elec-
tronic checklists.'®'>3! However, these studies compared
electronic checklists with no checklist, or were simulation
studies. Thus it remains difficult to determine if specific
features of electronic checklists were responsible for the
higher compliance rates besides the general impact of hav-
ing a checklist as a memory aid.’® Our present study sug-
gests that the observed higher compliance rate is the result
of the specific features of an electronic checklist with dy-
namic properties, because it compared the DCC with a paper
checklist in real practice. The improved rate can partly be
explained by the ability of the DCC to automatically check
items. Approximately one-third of the checkable items were
checked automatically resulting in shorter checklists with a
more relevant content.



412 | De Bieetal.

Our study showed that the use of the DCC was associated
with a reduced length of stay in the ICU and several improved
care processes. However, some care processes included in the
DCC did not result in improvements. Nor could we reproduce
the reduction of pharmacists’ phone calls as a result of violated
pharmacological clinical rules found in the previous simulation
study.’* This discrepancy might be explained by the different
study designs. In the simulation study, some flaws were delib-
erately implemented and occurred therefore in every simula-
tion. Inreal practice, however, there are more occasions over the
day and night that the violation of a pharmacological clinical
rules can be noticed and corrected. This might explain why
fewer violations were found during the ward rounds and this
sample size was probably too small to detect a significant dif-
ference, although the absolute number of violations tended to
be smaller in the intervention period. The lack of improvement
in the other care processes is in line with the findings of other
quality improvement multifaceted approach studies on the
ICU.>%3273% gimilar to these type of studies, our findings need
further study as several potential factors may be involved: (1)
the before-and-after design of this study might have been
influenced by secular trends,® (2) the inclusion of a broader
patient population than the studies that found an effect of a
specific care process, (3) even though some care processes are
recommended by ICU guidelines, their effect on patient out-
comes are still undetermined,***’(4) the study was not powered
for particular secondary outcomes (e.g. a smaller number of
violated pharmacological clinical rules were found in this real
practice study compared with the previous simulation study),**
and (5) both the period of intervention and follow-up time were
too short to find measurable effects.*®

The discrepancy of improved ease-of-use with no effect on
usability, as observed with the questionnaires, was unexpected.
Insufficient training and time for introduction, or a complicated
user interface seem not to be causing this difference as most
users perceived the DCC as intuitive except for some hitches. In
addition, in the interviews users appreciated that the DCC pro-
vided useful suggestions and tried to prevent mistakes that they
thought would have otherwise remained unnoticed. This
opinion of a checklist’s purpose is in line with a previous qual-
itative study evaluating a paper checklist for ICU ward rounds.*
In the present study, users acknowledged errors could be pre-
vented, especially for items of care processes that are based on
complicated and frequently updated guidelines, such as the
anticoagulation-related management guideline. On the con-
trary, users indicated that the DCC still functioned too much asa
checklist for care processes instead of a cognitive aid supporting
decision-making at the bedside. In their opinion the dynamic
properties of this DCC have the potential to fulfil this expecta-
tion, although some also argued that clinicians should not
become too dependent on technology.

Future development of the DCC and studies should focus
on: (1) the capability of retrieving more data and trends from
multiple sources as input for algorithms, including wearable
devices, (2) implementing and validating multiple interacting
DCCs for various clinicians within patients’ clinical pathways,
(3) the use of more sophisticated algorithms based on machine
learning for which the DCC can also retrieve reliable relevant
missing data, (4) DCC capability of improving the translation
and application of the available or new medical knowledge
and evidence into clinical practice, such as during emerging
pandemics, and (5) improving user experience.

This study has several limitations. The single-centre nature
of the study decreases its external validity. Most biases are

inherent to both the before-and-after and mixed-method
design of this study. Although the baseline characteristics
seemed balanced, subtle differences might have introduced
selection bias. Regression to the mean might have occurred
since multiple rounds were observed in patients admitted for
more than one day. We tried to reduce the Hawthorne effect
through discrete observation of participant behaviour. Mea-
surement bias could have occurred in the control period, since
the output of the DCC was used to judge if items needed to be
discussed. Participation in the questionnaires and interviews
was voluntary and participants might have tried to please the
investigators.

In summary, the introduction of a DCC in an ICU with high
standard of care for ward rounds improved the compliance to
best practice and was associated with a reduction in ICU
length of stay, daily use of antibiotics, and pain observation
scores. The DCC model needs further refinement to fulfil
physicians’ expectations of a patient-centred and user-specific
cognitive aid.
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